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Ordovician volcanism in Snowdonia 

 

Malcolm Howells
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HOWELLS, M. (1988). Ordovician volcanism in Snowdonia. Proceedings of the Shropshire Geological Society, 

7, 1. The account of a lecture describing the Ordovician volcanic rocks and environments of Snowdonia. 
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During the Lower Palaeozoic, Wales was the site 

of a basin in which marine sediments, muds, silts 

and sands accumulated. The basin lay on the edge 

of a continental plate on the south-eastern side of 

the Iapetus ocean. In Ordovician times intense 

volcanic activity, related to the south-eastern 

subduction of the oceanic plate, shifted 

temporally and spatially across the basin. In 

central and north Snowdonia the volcanic rocks, 

interbedded with main marine sediments, are of 

Caradoc (Soudleyan-Longvillian) age. 

The volcanic rocks dominate the high peaks 

and ridges and include extensive acidic ash-flow 

tuffs which have characters of both lavas and 

pyroclastics. A clear understanding of the process 

of their eruption and emplacement has only 

recently been established by observations of 

pyroclastic eruptions (e.g. Mt Pelee, Mayon, Mt 

Lamington, Mount St Helens, etc.) and detailed 

studies of geologically young deposits (e.g. Taupo 

ash flow tuffs, New Zealand; Badelier Tuff, New 

Mexico, etc.). These studies have shown that 

many ash-flow tuffs are produced by the collapse 

of an eruption column and led to the belief that 

they are diagnostic of a subaerial environment. 

Reconstruction of the volcanic environments 

of Ordovician age in Snowdonia is made difficult 

by the folding and faulting of the sequence during 

the Caledonian (end Silurian - early Devonian) 

and the associated low grade regional 

metamorphism which obscures the delicate 

original fabrics of the volcanic rocks. However, 

through detailed mapping (British Geological 

Survey Bangor (106), Snowdon (119) 1:50,000 

Sheets) a detailed stratigraphy has been 

established. Using this stratigraphy, the 

relationship of the extrusive volcanic rocks to 

their eruptive centres has been determined and the 

lateral variation in the ash-flow tuffs distinguished 

by detailed microscopic and mesoscopic 

examination of serial sections along their outcrop. 

The context of the extrusive volcanic rocks has 

been established by environmental interpretation 

of the associated sediments. 

Using these techniques, interpretation of the 

Capel Curig Volcanic Formation has shown that 

acidic ash-flow tuffs are capable of transgressing 

from a subaerial environment and that the 

evolution of the Lower Rhyolitic Tuff Formation 

was largely controlled by an asymmetric downsag 

caldera sited close to a Caradocian shoreline. 
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PEAT, C. (1988). Precambrian microfossils of the British Isles. Proceedings of the Shropshire Geological Society, 

7, 2─3. The account of a lecture describing the occurrence of Precambrian microfossils across the British Isles. 
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Geological time spans with a very long roll-out 

chart showing the relative length of the 

Precambrian age. Even the best methods of dating 

geological time can only be accurate to about ±50 

Ma, even in the late Precambrian. 

During the Lower Cambrian, trilobites and 

shelly fossils were abundant but, as we travel 

back in time, other types of fossils were prevalent. 

Trace fossils, which show complex trails during 

the Cambrian, show less sophistication in the late 

Precambrian. Here organisms crawled along the 

surface or bedding planes, lack of energy or 

musculature prevented burrowing into the 

sediments. 

Stromatolites too are typical of the upper 

Precambrian. These are constructed by mats of 

microorganisms, usually blue-green algae, which 

either precipitate carbonate around themselves or 

the organisms grow around incoming sediments. 

Large domes, some 0.75 m high are growing at 

the present time in Shark Bay, Western Australia, 

as well as smaller columns and flat layers in many 

other localities around the world. Precambrian 

stromatolites range in shape from single dome and 

laminations to branching or unbranching columns 

and in size from millimetres to tens of metres. 

The Gunflint Iron Formation in Ontario, 

Canada, has famous stromatolite formations and 

here the first really convincing Early Precambrian 

microfossils were described. 

Although most microbial mats have been 

described from stromatolites, they are just as 

common in shales. When studied carefully the 

laminations, composed of organic rich and 

sediment rich layers, can show a mixture of 

organisms present ranging from benthonic 

unicells and filaments to algal colonies and 

planktonic forms. Laminations from Torridonian 

shale show that in a single layer only 0.3 mm 

thick the top part is composed of filaments, the 

middle of ellipsoidal microfossils and the base of 

spheroidal organic microfossils. 

The spheroidal organisms or sphaeromorphs, 

are worthy of study, some show similarity to 

eucaryotic cells. Thick-walled cysts are bound by 

thin-walled membranes which split, releasing the 

inner cysts. This can give the impression of three 

separate organisms, the whole, the open 

membrane and the cyst, and demonstrates one of 

the difficulties in interpretation of the fossil 

record. Degradation of these organisms and 

oxidation can also hamper identification. 

Turning to the British Isles, near Carmarthen a 

newly discovered inlier of Cambrian and 

Precambrian sediment outcrops. Here simple trace 

fossils and medusoid impressions are 

predominant. 

The Hartshill Formation at Nuneaton shows 

trilobites in the Stockingford Shale Formation and 

beneath this is a continuous cross-section through 

uppermost Precambrian shales which contain 

simple trace fossils and Tommotian faunas in the 

Home Farm member. 

At Charnwood Forest in Leicestershire, in the 

Hallgate member of the Bradgate Formation, 

elements of the Ediacaran fauna can be found 

including the pennatulid - Charnia masoni, a leaf-

like fossil, which appears to be attached to a 

circular structure, which was given the name of 

Charniodiscus when it was first discovered in 

isolation. These fossils can be compared with 

modern sea pens to give some idea of colonial 

organisation. Various medusoid impressions have 

also been found in the Charnian. However no 

microfossils have been discovered there in the 

whole sequence despite extensive searches. 

In Anglesey, there is a unit called the Gwna 

melange and here there are enormous blocks of 

limestone which have tumbled down. These 
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contain various stromatolites which can be used to 

determine the original 'way up' of the blocks. 

Further around the coast are possible trace 

fossils, but at Llanddwyn Island are pillow-lavas 

with small amounts of jasper between the pillows. 

These jaspers contain mineralised microfossils, 

microbial filaments and cells which have been 

encrusted or replaced by minerals. There is also 

evidence of small colonies of fine threaded fossils 

which are similar to Metallogenium, an iron 

bacterium. 

On Islay, part of the largest area of 

Precambrian formations (incidentally an area with 

the least fossils) has stromatolites in dome and 

columnar formation. And the Torridonian of 

North Western Scotland contains algal mats and 

all sorts of microfossils, including many 

sphaeromorphs as well as colonial organisms and 

a unique sausage-like organism divided by a 

septum. 

It can be demonstrated that some more modern 

contaminants can be interpreted as ancient fossils 

and in some cases up to 90% of items once 

described as fossils are actually more modern. 

Finally there are the Longmyndian 

microfossils. These were first described by Salter 

in the 1850s and thought to be trace fossils, but 

which are now interpreted as rain or hail 

impressions or granular markings. Also, more 

modern interpretations of lineations being trace 

fossils are speculative as on the whole the 

markings are too big and regular to be fossils. 

However, on one of Salter’s slabs, Dr Peat has 

identified very fine sinuous ridges which he 

interprets as the linings of worm tubes - possibly 

similar in organisation to the modern Tubifex. 

John Pauley may have found medusoidal 

impressions and we must await his paper on this, 

and there are also some thick filaments and 

abundant algal mats as well as rarer 

sphaeromorphs. 

There is thus great value of such research in 

terms of stratigraphy and evidence of evolution to 

biologists, and work by groups of amateur 

geologists who know their local rocks and can 

make detailed studies of small areas close to 

home. 
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BEALE, S. (1988). Field Meeting Report: Site visit to the Ironbridge Bypass, led by A. Gledhill 5
th
 April 1987. 

Proceedings of the Shropshire Geological Society, 7, 4–5. The purpose of the field meeting was to visit the 

igneous and sedimentary strata exposed by excavations for the new Ironbridge Bypass, including Silurian 

Wenlock Shales, Carboniferous Limestone, the Little Wenlock basalt, and the Coal Measures. Extensive 

landslides were also seen. 
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The group assembled at the site offices at Stoney 

Hill and were conducted to the site by Mr A 

Gledhill of Telford Development Corporation. 

We set off westwards onto the track of the new 

road which led directly down to the Lydbrook 

Dingle crossing. The works access to the crossing 

has been cut through Lower Coal Measures, with 

a thin coal seam outcropping. This overlies the 

Little Wenlock basalt which here is about 10 m 

thick and is very weathered, and altered to a 

purple colour. About halfway down the bed there 

is a 400 mm thick blocky layer with vertical 

jointing, the remainder is without any structure 

and breaks up very easily into a pebble sized 

rubble. 

The basalt overlies Carboniferous Limestone 

but due to the extremely wet conditions it was 

difficult to see any structure. The bed was about 2 

m thick and was grey/yellow in colour with 

nodules of calcite. The matrix was very soft and 

rubbly. 

The lowermost bed visible was the Lydebrook 

Sandstone which here is exposed about 4 m above 

the stream bed. It is a competent, well-bedded 

orange/yellow sandstone with conglomerate 

lenses and the foundations for the bridge are being 

constructed onto this sandstone. 

Conditions in the cutting were extremely 

unstable and unsuitable for fossil hunting but both 

the Coal Measures and the Carboniferous 

Limestone sections should yield interesting fossils 

when the area dries out. [Note: 50 mm of rain fell 

on 4
th
 April 1987]. 

Returning to the site offices, we moved in 

convoy northwards on the B4169 to Doseley, 

turned through Coalmoor towards Little Wenlock 

and then turned left again and ran on for about a 

mile to The Moors and some more site huts. On 

foot we squelched through a wide and deep 

cutting southwestwards through Holbrook 

Coppice. The cutting, nearly 20 m deep, is mainly 

through Lydebrook Sandstone with some Lower 

Coal Measures overlying. Fossil plant remains 

were found in the Lower Coal Measures. The 

Lydbrook Sandstone had conglomerate layers 

with pea-sized pebbles. 

South of the outcrop of Lydbrook Sandstone 

there were extensive landslips which had been 

levelled off, but drainage in this area was causing 

the contractors some problems. An embankment 

about 20 m high was in the course of 

construction. The party crossed this area, 

appreciating some of the engineering problems 

involved, and reached a cut in Silurian Wenlock 

Shales which were very weak and clayey. The 

shales yielded a variety of fossils including 

trilobite heads, shields and tails, brachiopods, 

worm tubes, cephalopods, corals, and crinoid 

stems. 

The Wenlock Shales also have bentonite 

layers, of which one was clearly exposed. This 

was pink/grey in colour, about 30 mm thick, on 

the north side of the cutting, the same area where 

most of the fossils were found. Some time was 

spent studying the Wenlock Shales and then 

everyone climbed up the hill back to the cars. 

ACKNOWLEDGEMENTS 

The Shropshire Geological Society was very grateful to 
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of rocks which this bypass will cross. 
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Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of 

Carboniferous geology exposed by the excavations for 

the new bypass. It should not be used for any other 

purpose or construed as permission or an invitation to 

visit the sites or localities mentioned. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Copyright Shropshire Geological Society © 1988. 

 

ISSN 1750-855x 

 

 



  ISSN 1750-855X (Print)  

ISSN 1750-8568 (Online)

 

 

Proceedings of the Shropshire Geological Society, 7, 6─7 6  1988 Shropshire Geological Society
 

Field Meeting Report: Carboniferous Limestone of Clwyd, led by Robin C. Bathurst 
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GIBSON, S. (1988). Field Meeting Report: Carboniferous Limestone of Clwyd, led by Robin C. Bathurst 12
th
 

April 1987. Proceedings of the Shropshire Geological Society, 7, 6–7. The purpose of the field meeting was to 

visit the Carboniferous Limestone exposures of Clwyd and to relate their sedimentary structures to their formation. 
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INTRODUCTION 

The object of the day was to compare several 

outcrops of the Carboniferous Limestone and to 

relate their structures to their formation. 

ITINERARY 

LOCALITY 1: Little Ormes Head 

The main part of the morning was spent on and 

around Little Ormes Head on the North Wales 

coast. 

At Grid SH 819 825 a small bioherm was 

exposed. The limestone was originally deposited 

as a mud mound in a shelf sea area. The bioherm 

was unstratified and contains numerous fossils 

including giant 'Productids'. The lack of 

stratification indicates the growth of this feature 

was in a very still. shallow sea where fine 

calcareous muds could be trapped by the growth 

of algae and corals. 

Immediately around the bioherm bedding 

planes were clearly visible, suggesting that 

currents operated in the area of formation at a 

later date. These beds appeared to be draped over 

the bioherm. Small bivalves with geopetal 

structures suggested that these beds had formed in 

this position. Also found in these beds were some 

stylolites - pressure solution structures in 

limestones. 

A nearby quarry showed very clear bedding 

planes, and some interesting breccias. The latter 

were formed of chert but had been recemented, 

virtually without any movement at all. There is a 

problem regarding the origin of these beds and 

their relationships. 

LOCALITY 2: Holywell 

The second part of the day was spent to the south 

of Holywell (Figure 1). 

At 792125 [sic. – the grid reference is 

probably SJ 192 725; Ed.] roadside exposures of 

well bedded limestones had enormous numbers of 

crinoid stems in them, many up to a centimetre 

across. In places it was possible to see some 

orientation of the stems by currents. indicating a 

death assemblage of these fossils. Again these 

beds must have been formed in shelf seas where 

active deposition and sorting was taking place. 

Nearby, at 789131 [sic. – the grid reference is 

probably SJ 189 731; Ed.] was the final stop of 

the day, in a large quarry. Here the limestone was 

more massive, but crinoids were fairly common. 

In some layers these crinoid stems were flattened 

and oval in cross-section, unlike any of those at 

the previous site. On very close inspection these 

flattened stems seemed to be associated with 

bedding planes. Robin Bathurst had some 

microphotographs of some similar 'bedding 

planes' in Jurassic limestones and from these it 

became evident that they were more realistically 

areas in the limestones where compaction of the 

limestones had taken place before cementation. 

Crinoid stems are fragile, open structures and 

for them to have been preserved so well in some 

beds, cementation must have been almost 

immediate upon deposition. In the so-called 

'bedding planes' this had evidently not occurred, 

not only were crinoid stems flattened, but shell 

fragments were aligned. Just what triggers this 

solidification is at present under study. 

In another part of the quarry were found 

horizons of Gigantoproductids and the party 
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obtained excellent specimens. Large slabs of 

limestones showed bioturbation. 

ACKNOWLEDGEMENTS 
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Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of 

Carboniferous geology exposed across Clwyd. It should 

not be used for any other purpose or construed as 

permission or an invitation to visit the sites or localities 

mentioned. 
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BEALE, S. (1988). Field Meeting Report: The Shelve Inlier, led by Professor W.T. Dean 17
th
 May 1987. 

Proceedings of the Shropshire Geological Society, 7, 8–14. The purpose of the field meeting was to visit key 

exposures within the Ordovician Shelve Inlier. The primary aim of this excursion was to examine rock types of 

Arenig and Llanvirn age, as well as lower Silurian strata that were deposited unconformably on the Ordovician 

rocks, following folding and erosion of the latter during late Ordovician times. 
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INTRODUCTION 

The Shelve Inlier is an area of about 111 km
2
 of 

Ordovician rocks, surrounded largely by 

unconformably overlying Silurian strata. It is 

located west of the upland area of resistant 

Precambrian rocks that constitutes the Long 

Mynd, from which it is separated by an important 

structural line, the Pontesford-Linley "Lineament" 

(or fault system). 

East of the Lineament, the Ordovician 

succession comprises only rocks of the Tremadoc 

Series (Shineton Shales) and Caradoc Series. 

West of the Lineament, the Ordovician 

sequence includes the Tremadoc, Arenig, 

Llanvirn, Llandeilo and Caradoc Series. The large 

overall thickness (at least 1000 m) is made up of 

volcanic as well as sedimentary rocks. 

The primary aim of this excursion was to 

examine rock types of Arenig and Llanvirn age, 

as well as lower Silurian strata that were 

deposited unconformably on the Ordovician 

rocks, following folding and erosion of the latter 

during late Ordovician times. 

The inlier is famous for its lead/zinc 

mineralisation and until a few years ago we would 

have expected to visit one of the old mine tips to 

collect such minerals as galena (PbS), sphalerite 

(ZnS), barytes (BaSO4) and calcite (CaCO3). 

Many of the more accessible tips have now 

disappeared but it had been hoped to find a 

suitable stop. 

The geological outcrops and structure are 

illustrated in Figures 1 to 6. 

 

ITINERARY 

LOCALITY 1: Tasker (or Tasgar) Quarry 

A once classic locality, subsequently neglected 

and overgrown, but now once more available. 

Stapeley Volcanic Group: andesitic tuffs (quarried 

for roadstone) interbedded with grey shales and 

silty mudstones in which fossils occur 

(Platycalymene, Pricyclopyge, Stapeleyella). 

Radiometric dating of the tuffs gave an age of 

487 ±13 Ma. 

LOCALITY 2: Shelve Hamlet 

Silty mudstones in the Mytton Flags, and of lower 

Arenig age, contain dendroid graptolites at the 

section in the field near Shelve Church. Access, 

once forbidden, has been granted by Mrs Wyke of 

Shelve Farm. A new excavation near the farm 

will also be visited, though the rocks are probably 

too fresh to provide good collecting. 

LOCALITY 3: Bergam Quarry 

Grey mudstones in the higher part of the Mytton 

Flags (and once known as the Tankerville Flags) 

are well exposed and cut by a dolerite dyke, one 

of a number of igneous intrusions that cut the 

Ordovician, but not the Silurian rocks of the inlier. 

Fossils are not common but include the upper 

Arenig zonal index Didymograptus hirundo and 

some trilobites (Bergamia). 

LOCALITY 4: Cranberry Rock 

This prominent feature formed by the Stiperstones 

Quartzite provides a good viewpoint from which 
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to see the main features of the inlier's geology. 

The rock is a clean, well-cemented, white 

quartzite and marks the beginning of a marine 

transgression following a break in sedimentation; 

the underlying strata, Shineton Shales, are poorly 

exposed but occupy much of the valley west of 

the Long Mynd. 

LOCALITY 5: Hope Rectory 

Hope Shales form the rock unit with the largest 

outcrop in the inlier, but the strata are usually 

weak and poorly exposed. In the roadside 

southeast of Hope Rectory dark grey mudstones 

are seen, interbedded with so-called "Chinastone 

Ash", one of a number of fine-grained andesitic 

tuffs within this unit. The rocks here are 

conspicuously folded as part of the folding that 

produced the Shelve Anticline. 

LOCALITY 6: Hope Brook 

Grey mudstones of the Hope Shales are exposed 

near the junction of Hope Brook and the road 

leading south to Santley. The rocks, of lower 

Llanvirn age, are weaker than at Hope Rectory 

and have yielded trilobites and small, conical 

shells (hyolithids) of uncertain position, but 

probably molluscs. 

LOCALITY 7: Hope Quarry 

Sited by the north side of the A488 road about 1.3 

km northeast of Hope, the quarry is a protected 

site, though somewhat overgrown by trees 

nowadays. Hammering is strictly limited. 

This section is a classic one, and shows clearly 

strata of lower Silurian age resting with marked 

unconformity on Hope Shales. Most of the 

Silurian strata are unfossiliferous sandstones, but 

some are calcareous and contain abundant 

brachiopods. 

ACKNOWLEDGEMENTS 

Nearly 30 members of the Shropshire Geological Society 

met on a cool, damp morning at Tasker Quarry. Professor 

Dean proceeded to take us around the sites and was very 

informative and impressive when identifying the small 

imprints and fragments of trilobites and brachiopods that 

were found at many of them. 

For all the members that attended, whether they knew 

the area or not, it was an extremely good day, with some 

unusual finds from these rather unfossiliferous rocks. 

 

Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of 

Ordovician geology exposed across the Shelve Inlier. It 

should not be used for any other purpose or construed as 

permission or an invitation to visit the sites or localities 

mentioned. 
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Figure 1: Geology of the Shelve Inlier. 
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Figure 2: Generalised section to show the distribution of formations across the Church Stretton Disturbance towards the end of 

Silurian times. 
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Figure 3: Geology of Shropshire. 
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Figure 4: Stratigraphic column for the Ordovician. 
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Figure 5: Palaeogeography for the British Isles during the Lower Ordovician. 

 

 
Figure 6: Section across the Shelve and Ritton Castle folds, and the recumbent syncline in the southern part or the 

Longmynd (partly after James). vertical exaggeration ca. x3. 
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The group assembled at the Howard Arms, Ditton 

Priors, where we were met by Mr Tim Pearce. 

This was a convenient meeting point and we then 

set off in convoy to Nordey Bank where we were 

met by Mrs Pearce and Mrs Thom who are joint 

authors of a book on the Clee Hills. 

We walked up a track to a quarry in red 

Nordeybank sandstone. These are laminated 

sandstones showing some channel fill. Some of 

the channels had mud clasts which were thought 

to be contemporaneous. Many of the sandstones 

showed a green colouring, giving an overall 

mottled appearance. Perhaps this green is due to 

contemporaneous reduction by manganese and 

iron. 

Leaving the quarry, the party proceeded up the 

track and then branched off to the left to a small 

quarry of a rather nodular limestone which 

perhaps had formed from an immature soil 

profile. Overlying this are the green/grey 

sandstones of the Clee Group. These sandstones 

show a thin planar structure. 

Crossing the bracken covered hillside, the 

party reached a small brook and followed it 

upstream to an exposure of Clee Hill group of 

sandstones and shales. The sandstones formed 

good exposures showing coarser fragments at the 

base, grading upwards into cross bedding and 

further still to finer, planar sandstone. Some 

pebbles from the lower coarser beds have a 

resemblance to material from Caradoc and the 

Lawley. 

Climbing to the top of the Clee we viewed the 

dolerite sill and overlying coal which had been 

baked by the intrusion and fragmented easily. 

This had broken down to a mud. The dolerite here 

is much thinner than on Titterstone Clee and the 

sill cuts into the Devonian sediments. The coal 

here is thin and of poor quality. 

Light was now failing and we returned to the 

cars. The Society is grateful to Mr Pearce for 

guiding us over the hill and for providing a very 

pleasant and informative evening. 
 

Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of geology 

exposed on the Clee Hills. It should not be used for any 

other purpose or construed as permission or an 

invitation to visit the sites or localities mentioned. 
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The group assembled for a joint meeting with the 

Manchester Geological Society, assembling on 

the somewhat bleak summit of Mow Cop on a 

cold Sunday morning, making a group of fifteen 

in all. 

The hill made a superb view point to begin the 

trip. To the east the west flank of the Pennines 

were seen, to the south were several very obvious 

tips that marked the position of collieries, past and 

present. The hill itself is part of a plunging 

syncline, the apex of which lay to the south. 

The most obvious rock type was a coarse 

'gritstone' of Namurian age, with a few shale 

bands. Near the summit were some spectacular 

slickensides, with well-developed calcite. All 

around the hill were quarries displaying good 

cross-bedding. Several of these had been 

'enhanced' with artificial cross-beds and mill 

stones half cut from the walls. This was, 

presumably, associated with the folly on the 

summit of Mow Cop, but was confusing for a 

geologist! In many places the less resistant 

feldspars had been weathered from the rock 

giving it a very open structure. 

From Mow Cop we moved on to the Winterley 

area, just north-east of Crewe. Here there is a 

small nature reserve based on Sandbach Flashes. 

This is a wetland, and haven for birds, formed 

overlying an area of salt subsidence. The evidence 

for the continued subsidence was very clear, trees 

had recently been swallowed by the waters and 

overhead gantries on a nearby railway line were 

mounted on adjustable bases sometimes several 

feet high. Canals in the area had spectacular hump 

bridges over them as their level had gradually 

sunk. 

The final stop of the day was a by-pass on the 

A54 at Kelsall. This was cut into the Triassic 

sandstones and marls and displayed some fairly 

large faults. 
 

Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of geology 

exposed on across the Shropshire Plain. It should not be 

used for any other purpose or construed as permission 

or an invitation to visit the sites or localities mentioned. 
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INTRODUCTION 

The group assembled on a fine autumn morning 

at the clock tower in North Malvern. 

The leader, Mr David Bullard, has studied the 

area over a period of 17 years and has written the 

text and prepared maps for an N.C.C. Guide to be 

published in 1988. This Guide will update the 

present thinking on the geology of the Malverns 

using a large number of key sites. 

The itinerary for the field day included five of 

these key sites, all of which will be described in 

detail in the Guide with drawings, photographs, 

diagrams and maps, unfortunately none of which 

could be included in the day's documentation. 

GEOLOGICAL SETTING 

The Malvernian is a very complex group of 

Precambrian rocks; only a small amount of detail 

has been published on the internal geology. The 

rocks consist of a mixed suite of plutonic igneous 

rocks of mostly diorites, tonalites and granites, 

intruding an earlier sedimentary series, now a 

mixed group of metamorphic schists, gneisses and 

quartzites. Later igneous activity has introduced at 

least two phases of dolerite and a trachyte vent. 

The schist and gneiss appear to have developed at 

the garnet amphibolite grade of regional 

metamorphism although all rocks except the 

youngest have suffered some retrogressive 

hydrous metamorphism at chlorite grade. 

At least five phases of folding or foliation have 

been recognised within the Malvernian of which 

two are late stages, developed post 

metamorphism. Faulting is intense throughout the 

Malvernian with several phases of different ages 

being clearly recognised including Precambrian, 

Caledonian, and Hercynian. The Malvernian is 

thus chopped up into a series of smaller fault 

blocks. Overall mapping of the northern 

Malvernian was carried out 10 years ago as part 

of a research project and the subsequent 

unpublished map is included here. The mapping 

was based on a 25" to the mile scale with outcrop 

and subsoil specimens forming the basis to the 

construction of the map. There is no published 

map of the Malvernian and this map is expressly 

only a very simplified form of the surface and 

quarry expression of the Malvernian, much detail 

has been omitted in reducing the map down to this 

scale. 

The adjacent Silurian strata rest 

unconformably with a good basal conglomerate 

exposed about a mile to the north. The sequence 

of Silurian rocks is a typical shelf sea formation 

typical of the Welsh Borderland. Fossils are 

abundant particularly in the shale divisions with 

brachiopods commonplace and trilobites not quite 

so abundant. The Wenlock Limestone is a typical 

algal limestone - modular in appearance and only 

richly fossiliferous in parts, weathered specimens 

providing the best source of fossil material. In the 

final exposure in the traverse, in Brockhill 

Coppice, there is a good upwards transition from 

the marine Silurian to the fluvial Downton Castle 

Sandstone, unfortunately the intervening Ludlow 

Bone Bed is not well exposed. 

The overall structure of the Malverns is of a 

giant Hercynian Monocline which has brought 

Precambrian rocks to the surface. All that is left of 

the Monocline today is the steep vertical limb, 

faulting and erosion have removed the top flat 

zone of this structure. Associated with the 

development of the fold structure are a series of 

faults, both high angle reverse and low angle 

thrust. After the fold structure, tension in the crust 
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produced the normal faults associated with the 

eastern boundary of the Malvernian. Later 

Tertiary cross faulting has probably affected the 

hills. 

ITINERARY 

LOCALITY 1: Broomhill Quarry [SO 764 

466] 

This old quarry has been cleaned up to expose a 

faulted contact between Malvernian and Silurian 

Wych Beds. The Malvernian consists of diorites 

intruded by a large late dolerite. The new trench 

exposes 4 metres of Silurian sediments wedged 

within the Malvernian. Just to the west of the 

exposures is the western boundary to the 

Malvernian and here it is in contact with older 

Cowleigh Park Beds. 

LOCALITY 2: Dingle Quarry [SO 765 457] 

No cleaning of faces has taken place at the 

Dingle, but a new footpath has been constructed 

for safer access to the key exposures. A late 

dolerite intrusive cuts across pink granites, the 

dolerite itself faulted by a younger (Permo-Trias) 

normal fault. The dolerite shows good fine 

grained margins and may be Ordovician in age. 

LOCALITY 3: Brockhill Quarry [SO 756 

439] 

Various cleaning operations at different parts of 

this quarry have improved the value of this 

important site. At the western end a small cut 

exposes Downton Castle Sandstone dipping 

westwards. In the centre of the quarry, cleaning 

has exposed the Ludlow/Pridoli transition - the 

Ludlow Bone Bed equivalent. To the east 

vegetation removal has exposed good faces of the 

Upper Ludlow Shales/Whitcliffe Beds, which are 

mostly calcareous mudstones with some good 

fossil horizons. 

LOCALITY 4: Hollybush Quarries [SO 875 

371] 

These large quarries form two important sites in 

the book. In the western major quarry, cleaning at 

the entrance way has exposed a sequence of 

faulted Cambrian sediments down faulted against 

the Malvernian, with good exposures of the 

overlying Quaternary deposits. In the quarry itself 

massive diorites and ultrabasics are intruded by 

younger pink felsites, and dolerites/basalts. There 

are also patches of metasediments (quartzites) and 

mineral veins of pyrite. 

The small central quarry exposes an 

unconformable relationship between the basal 

Cambrian Malvern Quartzite and the Malvernian. 

This is a useful quarry for viewing both the 

different types of Malvern rock groups and seeing 

the nature of the depressions that makes up the 

central regions of several of the southern hill 

masses. 

LOCALITY 5: White leaved Oak Quarry 

[SO 761 360] 

This old quarry now forms one of the major sites 

in the book. Clearance at both the lower and 

upper levels has been carried out. The lower 

levels expose a broad cross section of Malvernian 

rock types with quartzites, phyllites, pegmatites, 

granites, dolerites and altered schists. The 

important double foliation separated by about 30° 

is visible here. 

In the upper level, approached by a new 

footpath along the north eastern edge of the 

quarry a clear unconformable contact between 

Cambrian sediments and the Malvernian is 

revealed. The Cambrian exposures are of 

Hollybush Sandstones with pebble horizons. The 

Malvernian is a mixture of felsites brecciated 

granites, well foliated gneiss and some early 

metaquartzite. 
 

Disclaimer - The information contained in this account 

has been prepared from notes taken during the field 

meeting. Its sole aim is to provide a record of what was 

seen and provide an insight into the diversity of 

Precambrian and Lower Palaeozoic geology exposed 

across the Malverns. It should not be used for any other 

purpose or construed as permission or an invitation to 

visit the sites or localities mentioned. 
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Figure 1: Stratigraphic column for the Malvern Hills. 
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There is a difference between science written up 

and science written down. This was to be a 

personal account of the events of recent months 

since the discovery of the mammoths at 

Condover. The author is a trained palaeontologist 

with an interest in Ice Age natural history and as 

such was often asked to come to see prehistoric 

monsters of one sort or another and the majority 

of these turn out to be shire horses. 

In October 1986 when he was first contacted 

with the news of the Mammoth being found in 

peat in Shropshire he was immediately suspicious 

- peats were superficial deposits laid down after 

the last glacial advance - and the general opinion 

was that mammoths had become extinct before 

the end of the last glacial advance. 

Russell Coope travelled to John Norton's 

garage and at first was confronted by deer bones. 

Howver, the bones of interest were at the very 

back - his first sight was of the enormous femur, 

undoubtedly that of an elephant, but the teeth 

visible in the jaw had layering much wider than of 

any mammoth he had ever seen before - it must 

be a circus elephant was his first thoughts. 

Nevertheless, within a very short time he had 

become convinced that this was indeed a 

mammoth and the most exciting discovery of Ice 

Age natural history this century and probably the 

most exciting ever for Britain. 

Dr Coope first of all made his 

acknowledgements. He thanked Eve Roberts who 

had first found one of the bones whilst walking 

her dog and been observant enough to think this 

unusual and report her find. He thanked Geoff 

McCabe who had organised all the excavations, 

the volunteer workers and subsequently the 

funding and ultimately the exhibition of the 

mammoth. He also thanked Adrian Lister from 

Cambridge who remarkably had applied to the 

Natural Environmental Research Council (NERC) 

for a grant to work on late glacial mammoths -

months before the discovery of the mammoth - 

and actually got his money! Adrian had taken 

charge of the real science of the skeleton. He 

thanked too all the many volunteers who had 

painstakingly sifted through a huge pyramid of 

mud removed by a mechanical excavator in far 

from the best of conditions. 

He went on to describe the environment from 

where the bones were excavated. It soon became 

clear that the bones were not from the peat but 

from clays underlying the peat.  The peat had 

yielded a single bear toe and the red deer bones 

stored in John Norton's garage. It turned out that 

the site was a large flat bottomed hollow with 

steep sides - it was a kettle hole, formed when 

large blocks of ice are left in isolation as the 

glacial front retreats and become insulated by 

overlain sediments and associated vegetation. The 

blocks of ice finally melt forming hollows on the 

landscape that can be filled with sediment and 

pond vegetation and animals accumulate. 

Dr Coope showed slides explaining the 

geological make-up of the hollow. The floor was 

till, a stiff buff coloured clay containing pebbles 

which were almost entirely Welsh erratics. The 

edges were pink clays with layers of gravel and 

sand. There is evidence of another kettle hole 

within the vicinity and it is hoped that further 

discoveries may be made as the quarrying 

operation progresses. 

Dr Coope explained the evidence that 

convinced him this was a mammoth. Some bones 

had traces of a vivid blue stain. This was caused 

by an hydrated iron phosphate: vivianite. Often 

this blue colour had crept into the covering soil 

and volunteer workers would know that bones 

would be present in the close vicinity. Vivianite 

takes thousands of years to develop. 
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Dr Coope had never seen a mammoth so well 

preserved. Bones stored in plastic bags smelled 

when the bags were opened indicating that the 

decaying process was continuing. He had boiled 

some of the bones in order to extract protein for 

radioactive dating and the result was soup and a 

marvellous cooking aroma. On condensing the 

protein he had extracted 'Bovril'! He assured his 

audience that he had however refrained from 

tasting it. 

Dr Coope had persuaded the volunteer washers 

and cleaners to preserve the washings also and 

from this he had already discovered much about 

the natural history of the region and he still had 

much material to sift through. 

On the day that the BBC's Blue Peter came to 

record the excavations, while Dr Coope was 

talking he suddenly spotted a tooth and gradually 

uncovered another lower jaw - this turned out to 

be a second mammoth and a juvenile. First 

thoughts were that this was a mother and baby, 

But Adrian Lister persuaded him that this might 

not be so. Further sifting produced bones from 

two more juveniles. 

What do we now know of the mammoth 

group? Looking at the wear patterns of the teeth 

of the adult it can be deduced that this was 

between 30 and 35 years old  when it died. Some 

five years before it had died it had received a 

strong blow to its shoulder blade which had 

fractured and subsequently healed perfectly with 

no apparent further deformity to the skeleton. 

On examination of the epiphases of bones 

there is evidence that it was still growing. 

Comparing this with modern elephants, females 

stop growing in their mid-20s. However, males 

carry on growing for some time - the evidence 

suggests therefore that this was a male. 

The juveniles had teeth indicating ages of 5 

years old for one and between 3 and 4 years old 

for the others. The pelvises of two of the juveniles 

had marked dissimilarities and suggests that one 

was male and one female. None of the skull of the 

adult and only fragments of the skulls of the 

juveniles have been discovered. Those fragments 

that have been preserved had attached to them 

Black Fly pupae of the genus Phormia, blow flies 

that lay their eggs on carcasses. 

All this evidence points to the animals dying 

with their bodies below water and their heads 

above resting on mud and dung deposited at the 

edge of the pool. 

All methods of dating indicate that the 

mammoths died about 12,800 years ago - this is 

5,000 years younger than any other known British 

mammoth. The adult is the only one so complete - 

all that is missing is the skull and the tail. 

Many scenarios for the death of the mammoths 

can be imagined. The dating seems to coincide 

with a brief but intense climatic amelioration. 

There was a rapid warming in this region. Some 

insect remains found were typical of arctic 

conditions whereas others were of temperate 

climate origin. It seems likely that the mammoths 

were migrating from the south when they became 

caught. Their general health seems to have been 

good and there was no evidence of rickets or 

deficiencies in their diets, but the vegetation in 

this area must have been relatively poor with only 

a few birch trees and lush vegetation just in damp 

patches, such as the kettle hole at Condover. 

Many questions remain and research continues. 

For instance, there is an attempt to extract DNA 

which may tell us more about the family 

relationships. 

The Shropshire Geological Society in 

conjunction with the Education Services and 

Museum Services ran a Schools mammoth 

Competition. The prize for the youngest age 

group was a 2 foot tall cuddly mammoth donated 

by Merrythought. The winner of the next age 

group received an individually designed machine-

knitted sweater with a mammoth motif. The next 

eldest group winner enjoyed a trip to Cardiff to 

visit the dinosaur exhibition and the eldest group 

winner spent a day behind the scenes at the 

Natural History Museum in London. Runner up 

received badges. Prizes would be awarded to the 

winners at the opening of the mammoth 

Exhibition at RAF Cosford, on 1
st
 April 1988. 
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The lecture was introduced by pointing out the 

difference between fossil collectors of a century 

ago and those of modern times. Victorian age 

collectors would find specimens and deposit them 

in museums; scant regard would have been taken 

of how the specimens lived and fitted into their 

ecological niches. By contrast, modern geologists 

use collecting techniques to build up as complete 

a picture as possible of the specimens and their 

environments, and how the environments and 

specimens change over time. 

Fossil fish can be divided into five groups, as 

follows: 

 

1. The Agnathans, primitive fish without 

jaws, which are further subdivided into: 

a. Heterostrachans 

b. Cephalaspids 

c. Anaspids 

d. Phaelodonts 

 

2. Placoderms which are now all extinct. 

 

3. Acanthodians which are all extinct now. 

 

4. Chondrichthyes, the sharks. 

 

5. Osteichthyes, the bony fish, the group to 

which nearly all the fish in the world today belong 

and which are subdivided into: 

a. Ray-finned fish 

b. Lobe-finned fish 

 

The most important groups of these in the Welsh 

Borderlands are the Agnathans and the 

Acanthodians. 

Fossil fish first occurred in the middle-

Ordovician; the earliest fossils are of the 

Heterostrachan group of the Agnathans. 

Representatives of this group have been found 

world-wide. They are typified by their covering of 

tesserae, small tooth-like boney plates - the Welsh 

Borderlands is one of the most important areas for 

finding specimens and the evolutionary changes, 

such as the development of the tesserae can be 

studied. The earliest examples came from a 

marine environment but there is some dispute 

over the environment of some of the later 

specimens. Later examples indicate greater 

differentiation of the tesserae until examples from 

the Silurian, such as the Pteraspis, are normally 

found with individual, boney plates which exhibit 

growth ridges. 

Maggie Rowlands’ colleague, Peter Tarrant, 

had collected from one particular site in 

Shropshire for nearly twenty years and this 

collection can be seen in Ludlow Museum. They 

arranged a multi-disciplinary project on this site to 

collect bed by bed to add to Peter's collection and 

to find out more of what happened from the top of 

the Silurian to the base of the Devonian. They 

now have a good picture of what happened, as 

follows. 

The area was mud flats cut through by 

channels, each having slightly different fauna 

assemblages. A major change occurred at the 

boundary of the Silurian and the Devonian and 

the fauna changed almost completely. The 

environment became much wetter and there was 

an ingress of sandstones. All through the section 

are fluvial sediments and thus these fish were 

living in a freshwater environment. Geologists 

have generally agreed that all early fish were from 

marine environments, but Maggie and Peter are 

convinced that the Welsh Borderland discovery is 

of freshwater types and this is supported by the 

palaeogeography of the area - this raises many 

questions, but one theory of explanation is that 
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here fish were taking over new freshwater niches 

and this is supported by the diversity of forms. 

Maggie explained that her personal preference 

was for Cephalaspids, examples of which she 

described in detail. Examples of this bottom-

dweller are rarely found complete in the Welsh 

Borderlands though they are in sandstones of 

Scotland. The evolution through time was from 

examples with a large solid head and body shields 

to examples bearing elongated bony scales. 

Maggie reported that she and Peter had been very 

successful at collecting Hemicyclaspids from a 

site near Ludlow, having collected about ten times 

as many than had been collected before and this 

had allowed them to carry out statistical research 

and make environmental interpretations. 

Anaspids are widespread but quite rare. They 

are found in freshwater deposits and occur from 

the top part of the Silurian through to the early 

Devonian. One survivor is found in the upper 

Devonian in Canada. This group is typified by 

small fishes covered by very thin dermal armour 

of very elongated scales but as the group evolved 

these scales were lost. The tail appears to be 

upside down and caused problems with 

orientation of the first specimens found. 

Maggie could not show an example of the 

fourth group, the Phaelodonts, typified by a body 

covered with small button-like denticles. 

Members of this group are very useful for 

stratigraphy. They are found in the Ludlow Bone 

Bed. Examples were first found here in the 1830s 

and caused much excitement among geologists of 

the time who thought they had found evidence for 

the first vertebrates. This deposit is most likely a 

death assemblage of fish denticles and bones. 

Maggie described Placoderms as having the 

first primitive jaws and fins and a thick bony 

shell. Some of the specimens have fins that are 

bony and jointed and perhaps enabled the animals 

to drag themselves along the bottom of the lake 

floor. 

The Acanthodians had true jaws, as have fish 

today. They were covered in tiny scales and they 

were recognised by solid bony spines protruding 

along the front edge of each fin. They have been 

found quite low down in the Silurian through the 

Devonian and Maggie showed a slide of a 

Carboniferous example, Gyrocanthus. They 

became extinct in the Permian. In the Welsh 

Borderlands usually only the spines can be found 

but these are very common. 

The next group are the sharks. Some geologists 

are searching for specimens from the Devonian 

and fossilised teeth from these ages are the same 

as modern sharks teeth. Sharks have a 

cartilaginous skeleton which does not preserve 

well, but bony teeth are very common. Maggie 

described in detail work being carried out on 

sharks at the Bearsden site in Glasgow by Stan 

Wood. Many new fossil species have been found, 

some of which she described in fine detail. 

The last group of the fossil fishes is the Bony 

Fish, which are typified by a bony skeleton and 

scales. These fish occur worldwide and in all 

types of aqueous niche. Lobe-finned fishes 

probably gave rise to tetrapods - the amphibians. 

Lingering members of the Lobe-finned group are 

Coelacanth and lung-fish. The Ray-finned fish 

first evolved in the middle-Devonian, and the 

modern bony fishes, the Teleosts, first appeared in 

the late Cretaceous. Maggie showed many 

significant examples of this group and described 

different sites where early examples could be 

found. 

Maggie went on to describe work at the 

Bearsden Quarry in Glasgow with Stan Wood and 

she described in detail how specimens were 

extracted. Stan Wood's collection is now touring 

the country. She also looked to the future and 

what she would like to tackle and at this point the 

audience joined in with a lively discussion 

session. 

Peter Tarrant is in the process of writing two 

substantial papers on Heterostrachans of the 

Welsh Borderlands and one is to be published in 

the near future. 
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Why was limestone exploited by underground 

methods when there was so much close to the 

surface?  Greenwell & Elsden in 1913 put 

forward three reasons. The cost of moving 

overburden is dead work and many small 

companies cannot afford to await financial 

returns. Underground work is independent of 

weather and climate. Underground working 

causes less disturbance to surface land. A further 

reason locally is that mining can be more 

selective, the limestone 'balls' and better beds can 

be removed without taking too much waste. 

Limestone has been worked for use as a flux in 

iron smelting, for agricultural and building lime 

and for making cement. Mining statistics also 

include as limestone, calcite and calcspar - a 

coarse crystalline vein calcite - which is used for 

ornamental purposes. 

The heyday of mining seems to have been the 

period of 1800-80, but new mines were still being 

opened in the 1900s and underground work 

continued until the First World War. Both the 

Silurian and Carboniferous Limestones have been 

worked with, in addition, some working of the 

Upper Coal Measures Spirobis limestones. 

In 1878 two mines, the Hatch and Lilleshall, 

employed a total of 47 men and produced 12,316 

tons. 

In the Clee Hill area two adit mines, Knovers 

and Gorstly Rough, on opposite sides of the 

Studleigh [sic. Studley is the usual spelling; Ed.] 

Tunnel, were worked - the former between 1905 

and 1912, employing a maximum of 6, and the 

latter from 1913 to 1916. Earlier, in 1839, 

Murchison said that limestone was worked near 

Knowlbury [sic. Knowbury is the usual spelling; 

Ed.] by 'various mines and quarries'. 

Lincoln Hill had been very extensively mined, 

probably since the 17
th
 Century. There is a tunnel 

on site with '1800' inscribed on the capstone. 

Prestwich gives a shaft section in the 1830s and 

Murchison illustrates the underground extraction 

of limestone balls. Shafts up to 60 m deep were 

used and some workings were between 7 and 10 

m high. 

In 1893 production was 3,740 tons from 3 men 

- the value was £268 - and the mines closed about 

1907. The workings continue to collapse and 

contractors have been employed recently filling 

them in. 

There are some doubtful references to 

underground workings at both Wenlock and 

Benthall Edges. The former location seems most 

likely, particularly where the railway tunnel has 

been constructed. Further evidence occurs in the 

Shipton area. 

At Steeraways and The Hatch extensive 

underground workings by shaft and adits occurred 

from the 18
th
 Century until 1918. In 1842 over 

120 men and boys were employed in the former 

location. The limestone seam worked is said to 

have been 13 m thick and to have been taken by 

one face leaving pillars to support the roof at first, 

but even these were extracted on the retreat. In 

1888, nineteen men produced 3,970 tons at a 

value of £800. 

Steeraways Mines closed about 1900 to be 

replaced by the Hatch levels, or drift mines. These 

levels were worked by driving tunnels in from the 

outcrop, blasting down the face and loading the 

stone into wagons. At their peak in about 1908 

they employed 8 men and produced about 2,000 

tons per year. There may also have been further 

workings nearer Lawley. 

At Lilleshall some very large mines were 

worked from the 18
th
 Century to 1882. In 1877, 

thirty-six men produced 8,274 tons. There were 

some horrific accidents in these mines described 

vividly in local newspapers. These involved the 

crushing of men - three killed in 1856 and three 



 LIMESTONE MINING  

 

 

Proceedings of the Shropshire Geological Society, 7, 24−25 25  1988 Shropshire Geological Society
 

more in 1858 - and a major inundation in 1860. 

The mines were worked mainly from deep shafts 

using the pillar and stall method. There is some 

evidence of similar workings near Wrockwardine 

Wood and Trench. 

It is obvious at Llanymynech that some of the 

stone from the Ogof has been taken from the site 

and presumably sold. There is also a major tunnel 

connecting the two more recent quarries and the 

remains of heading-type blastholes in the quarry 

faces. 

Snailbeach is variously listed as a limestone, 

calcite and calc-spar producer from the 1890s to 

1905. Much material has also been removed from 

the tips since this date. There is good evidence 

that the Spirobis limestones have been mined 

around Caughley and some evidence also of its 

working near Hanwood. 
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