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BACKGROUND 

This paper concerns three particular areas of 

Shropshire that are linked by virtue of being 

Ordovician sediments containing fossils. 

AROUND THE SHELVE INLIER 

The first area to be addressed is that part of 

Shropshire east of the Church Stretton fault and 

around the Shelve inlier, just west of the Church 

Stretton fault. This comprises the Ordovician 

shelf area, a shallow marine area and a deeper 

marine area of Caradoc age containing 

assemblages associated with differing marine 

conditions. Each assemblage is associated with a 

particular fossil but, because of evolution, the 

fossils associated with a shallow water 

environment at the bottom of a sequence are 

different at the top of the sequence and it is easier 

therefore to refer to environmental belts as benthic 

assemblages, with benthic assemblage 1 occurring 

near shore and assemblages 2 to 5 occurring 

further out to sea. 

There are generalities that can be determined 

about each benthic assemblage. For instance, 

shallow water environments show an abundance 

of fossils, but the number of species is generally 

small. This is because the environment near shore 

is very stressful, the substrate shifts and water 

temperatures are variable. Thus there are only a 

few tolerant species but those that can survive can 

do so in large numbers as they have no 

competitors. Further out from the shore fossils 

remain abundant, but the number of species 

increases until the area off the shelf when remains 

of fossils are less likely to survive as there are 

few, if any, bottom dwellers. 

By the occurrence of different benthic 

assemblages through the Ordovician sequence in 

Shropshire it can be seen that in the earliest times 

there was a shallow water environment which 

deepened over time so that at the end of the 

Caradoc there was a deep water environment. 

AROUND HORDERLEY 

The second area of Shropshire addressed was a 

road cutting on the A49 near to Horderley, 

excavated in 1978. At the base of the sequence is 

a layer of Horderley Sandstone, then a layer of 

shales, then a massive layer of Horderley 

Sandstone followed by more shale. 

Fossil remains indicated that this was a 

shallow marine environment and not in keeping 

with turbidite deposits, as the low angle cross 

bedding to be seen on one sandstone face is not 

consistent in direction and shows sand-draped 

circular hummocks in between circular scours. 

This is referred to as hummocky stratification. 

The best explanation for this type of structure 

would be storm deposition; strong cyclones of 

hurricane force stirring up strong water currents 

and the water currents carrying sands which are 

quickly deposited as the storm subsides. The 

Thames storm surge of 1954 is a modern day 

equivalent. The fossil fauna of the area can tell us 

much more about the environment than the sand 

and shale sequences on their own could do. 

WEST OF THE CHURCH STRETTON 

FAULT 

Next to be considered are the Caradoc sequences 

just west of the Church Stretton Fault. 

Unfortunately these are poorly exposed. 

The sequence starts with a Grit followed by 

shales with two volcanic horizons within the 
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shales. The sequence is much more of an off-

shore sequence that that seen east of the Church 

Stretton fault. The volcanics are often debris 

flows; they have flowed down slopes and one of 

the volcanic centres can be traced to the Breidden 

Hills. There is a long ridge of the Breiddens made 

up mostly of volcanic conglomerates containing 

andesitic cobbles and some coarse agglomerates. 

The beds dip towards the south-east and are 

mainly shales containing graptolites and in one or 

two places are the odd trilobite and a few 

brachiopods but this was a deepish marine 

environment at the outer limits of a bottom living 

fauna. At first sight the perfectly rounded cobbles 

within the volcanic layers would seem to be a 

beach deposit but there is no bedding and the 

cobbles are of all orientations, sometimes lying 

surrounded by sand. They represent mass flow 

conglomerates; they have formed in one 

environment ─ the rounding would suggest a 

beach ─ but they have avalanched down a slope. 

Further along the hill the conglomerates thin. 

At the quarry at Middletown Hill there are some 

conglomerates, but there are also some thick beds 

of angular tuffs. These must have been deposited 

in small fault-bounded troughs as they are totally 

confined between faults. This type of environment 

may have been an andesitic volcano with a nice 

cone shape; cobbles formed around the coast line 

but the steep slopes of the volcano continued 

down below sea level so that the cobbles were 

liable to slippage. Eruptions from the volcano 

were mainly andesitic lavas but with some tuffs. 

Finally there are the volcanics at the quarry on 

Moel y Golfa Hill. Round the sides of this quarry 

one can see the massive intrusive andesites which 

represents the magma pushing up and feeding the 

volcano, but in the centre part of the quarry there 

are caught up volcanic conglomerates and also 

some pillowed andesite lava. So here one can see 

part of the rocks which have slipped down the 

steep slopes of the volcano have been intruded 

again by andesitic lavas within a marine 

environment. 
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BACKGROUND 

Silurian rocks outcrop in Shropshire in an area 

around the Shelve Inlier ─ west of the Longmynd 

─ and to the east of the Longmynd, an area 

running above and below Wenlock Edge. The 

Ordovician rocks of the Shelve Inlier had been 

folded and have a parallel strike, whereas the 

Silurian are flat-lying. 

If the contact between the Ordovician and 

Silurian sequences is traced towards the north-

west it can be seen that the folding took place in 

the early Ashgill. Also, just as the Longmynd 

plateau stands out today as a feature, so it 

probably did in former times also, at least during 

the early Silurian: the Llandovery. 

During the early Silurian there was a large land 

mass covering the British Midlands with an 

extension through Pembrokeshire and up into 

south east Ireland towards Dublin. The Welsh 

Basin was hundreds of miles away from Scotland 

and Northern Ireland which were on the other side 

of the Iapetus Ocean. 

This paper is confined to what was happening 

in Shropshire, but it should be remembered that 

this was just a small part of a much larger picture. 

Towards the end of the Ordovician, three quarters 

of the world's land mass was amalgamated into 

the Gondwana supercontinent which straddled the 

South Pole. Ice caps at the poles only occur at 

certain times and the late Ordovician saw one of 

these times. At the beginning of the Silurian, 

England was at about 30-35°S and it migrated 

north until at the end of the Silurian it was just 

south of the equator at 5 or 6°S and the Iapetus 

Ocean was closing. 

EARLY SILURIAN 

In the Welsh Borderlands of Shropshire can be 

seen the strongest effects of early Ashgill folding 

and the late Ashgill drop in sea level, caused by 

water being entrapped at the polar caps. 

After this initial drop in sea level it rose again 

world-wide and there is evidence of a gradual 

spread of the sea from Wales across Shropshire 

into the Midlands during the Llandovery. As this 

sea spreads we find evidence of various kinds of 

fossil. The two most useful being graptolites in 

the deep water and brachiopods in shallower 

water. 

Graptolites are very useful as they show rapid 

evolutionary change over time and can be used to 

give very fine zonal indications. Unfortunately the 

same is not true of brachiopods in general, but 

there are a few that do change rapidly over time 

and one of these is a shallow water brachiopod, 

Aeocelia, which occurs in the Upper Llandovery 

and Lower Wenlock, and it is possible to divide 

these periods into 5 or 6 time divisions. The 

brachiopod, Stricklandia, can also be used in this 

manner. Acretarcs, which are believed to be spore 

cases of some primitive algae, also show gradual 

changes with time. Thus, wherever one studies the 

Llandovery sequences there is some fossil to be 

found which will help with stratigraphy and 

pinpoint the age of the rock. 

DEPTH CONTROL ON FAUNA 

Work done by Fred Ziegler in the early 1960s 

included collecting brachiopods from mainly the 

southern part of the Welsh Borderlands, the 

Malverns, etc., and he persuaded another student, 

Robin Cocks, to collect Llandovery brachiopods 

around Shropshire. 
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After the two had made approaching 100 

different collections they discovered the 

collections could be split into five main groups 

which represented five different fossil 

communities. Ziegler went on to find a sixth 

community which he called a "rocky bottom 

community", and this occurred where the Silurian 

was sitting unconformably on older hard 

substrate. This community occurs at Bog and the 

best examples of the fossils making up this 

community can be seen on the walls of an old 

shed at Bog. 

There is more or less a continuous spectrum of 

fossil types that you find near the shore to the 

edge of the shelf environments and, although 

Ziegler decided upon five communities, it would 

have been possible to split the fossils into two or 

ten groups on the basis of different genera being 

more common at different times. These different 

communities can be found at localities such as 

Hope Quarry and the Onny River south of 

Wistenstow. 

THE STATE OF THE LANDSCAPE 

DURING TRANSGRESSION 

At the beginning of the Silurian, during the early 

Llandovery, the shelf was fairly narrow, but by 

the end of the Eronian the sea had spread and the 

Malverns stood out as a barrier in this sea. Later 

the sea spread even further across England as the 

sea level rose. 

It is still debated as to whether there were any 

land plants during the Silurian. Some 

palaeobotanists claim they have found spores in 

marine sediments from terrestrial plants.. 

However, there were no soils on the land so any 

plants would have been little areas of moss-like 

growths encrusting rocks. 

The land surface would have been highly 

oxidised, because there would have been nothing 

living on land to reduce the ferric iron that forms 

due to weathering of the rocks. Therefore, as the 

sea encroached across the land it was crossing a 

highly oxidised surface and, as a result, as the 

land was eroded, the hematite became mixed with 

the muds to give marine red beds. The occurrence 

of marine red beds tells us nothing about the 

sedimentary environment because they occur 

across different fossil communities. It was 

generally thought that red beds were terrestrial 

deposits, but this is not necessarily so and marine 

red beds can occur if the hematite is deposited and 

buried quickly in a marine environment before it 

is reduced. 

At any one point in Shropshire, as the 

Llandovery sequence is ascended it shows deeper 

and deeper water but at some points, such as the 

Onny Valley, the first community is indicative of 

deep water. This would suggest that the sea was at 

this point for some time before any sediments 

accumulated. 

MIDDLE AND UPPER SILURIAN 

Into the Wenlock the sea level continued to rise 

until the top of the Upper Wenlock where there 

was a shallowing of the environment. The 

different depth-related communities of the 

Llandovery have their parallels in the Wenlock. 

However after the Lower Wenlock, Aeocelia and 

Stricklandia became extinct and it becomes very 

difficult to determine where you are in the 

sequence. The author has come to the conclusion 

that upper part of the Wenlock shows a 

shallowing, to be followed by a sudden deepening 

in the Ludlow. 

In the basal Wenlock a carbonate bank 

appeared at Old Radnor and this indicates some 

irregularities in the palaeogeography. There 

seems to have been some movement on the 

Church Stretton fault at this time which was 

acting as a normal fault and marked one edge of 

the Welsh Basin. Also, the Welsh Basin seems to 

have been shrinking and parts of North and South 

West Wales were being uplifted. 

At Stretton Westwood at the top of the 

Wenlock there are shales containing shallow 

water brachiopods, and it is not until 10 metres 

above the Wenlock Limestone that it suddenly 

changes to a deep water environment. However, 

in the Malverns it becomes deep immediately at 

the top of the limestone and further south it 

becomes deep before the top of the limestone. 

Thus it can either be concluded that the time at the 

top of the limestone is the same everywhere and it 

gets deeper at different times and different places 

or, perhaps more sensibly, that it gets deep at the 

same time, which would mean that the top of the 

limestone is older in Shropshire than it is further 

south. 

Travelling further up the sequence, the 

Amestrey Limestone occurs in the middle of the 

Ludlow and then there is evidence of a 
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conformable sequence through the Downton and 

Ditton beds all the way through to the Devonian. 
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After two days at sea from Aberdeen via the 

Shetlands and Faroes, the Jones family and trusty 

Land Rover landed on the east coast of Iceland at 

the small port of Seydisfjordur, destined to visit 

some of the country's famous geological features. 

First stop was several hours along the northern 

ring road, around the town and lake named 

Myvatn, an area of mountains, lava fields, 

solfatara fields, deserts and moraines. The 

Namaskard solfatara fields show high temperature 

steam, hydrogen sulphide and other gases vented, 

and pools of boiling mud; while close by lay 

Krafla and its geothermal power station ─ still 

experimental but actively pursued. Around 

Myvatn a huge area of "Ropey Lava", formed by 

eruptions in 1724-1729, could be seen around the 

village and camp site. Slides showed pseudo-

craters in Lake Myvatn and the diatomite factory 

by the lake shores. 

The trip continued across the "Sprengisandur 

Desert" road, a four-wheel-drive only track, some 

160 miles through to the southern coast. On the 

way a stop was made at Landmannalaugar to 

swim in the warm river heated by water 

percolating through near obsidian-like lava flows. 

A visit was made to the "Fire Fissure", Eldgja; 

together with the waterfall, Ofaerufoss, cascading 

over the western wall of the SW/NE aligned 

explosion fissure. 

The next port of call was Geysir. Here the 

local outdoor swimming pool was beautifully 

warm to bathe in, and tropical fruits grew in hot-

houses. The original geysir of that name is no 

longer active, but its nearby counterpart still 

erupts, every ten minutes or so, to a height of 160 

feet. 

Reykjavik, a truly cosmopolitan capital, came 

next. Of the total population of around 240,000, 

some 160,000 live in this area. About 30 miles 

away lay the "Blue Pool", supposed by many to 

help ease or cure a range of various skin ailments. 

This area also provides much of the supply of 

heating for the residents of Reykjavik and its 

under-road heating system. 

On the southern coast road eastwards the route 

passed the largest icecap in Europe, Vatnajokull. 

At the National Park of Skaftafell, great areas 

were made available for visitors to walk and 

enjoy. Final shots were of the fjord coastline of 

the south east of the island on the return to 

Seydisfjordur to catch the ferry home. 
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INTRODUCTION 

The afternoon was spent in a gradual ascent of a 

small, very overgrown stream known as the 

Devil's Hole near Morville (Figure 1). Many fish 

fragments were found as illustrated in Figure 2. 

An account was presented at the recent 

Manchester symposium (Rowlands & Cleal, 

1985). 

GEOLOGICAL SETTING 

The Devil's Hole section illustrates a typical 

Lower Old Red Sandstone sequence in the Welsh 

Borders. The Devil's Hole Stream (sometimes 

called the Lye Stream) runs in an approximately 

north-easterly direction, and is a tributary of the 

Mor Brook, which in turn is a tributary of the 

River Severn. It traverses about 40 metres of 

Downton and Ditton Group strata, (Lower 

Gedinnian) and clearly demonstrates the 

boundary between these two units. 

Although much of the sequence is 

palaeontologically barren, a number of discrete 

fossil-bearing bands have been found which have 

provided stratigraphically diagnostic species. 

Fossils found here include the remains of fish, 

plants (including spores) and arthropods. 

Geological and sedimentological evidence 

indicates that this is a freshwater sequence of 

channels and mudflats formed in a floodplain. 

Elsewhere in the world (Canada, Spitsbergen, 

etc.) fishes of this age are considered to be 

marine, with fish bearing horizons representing 

short, temporary marine incursions within the Old 

Red Series (A. Blieck, pers. com.).

 

 

The fossil-bearing rocks at Devil's Hole have 

been known for some time and were briefly 

mentioned by Ball & Dineley (1961). However, 

the section has only recently been studied in 

detail, principally by the local artist and geologist, 

Mr Peter Tarrant, who has built up an impressive 

collection of fossil fishes from here over the past 

20 years (now housed in Ludlow Museum). This 

recent work has shown that the faunas here are far 

more diverse than previously reported, the fish 

being particularly abundant. 

Unfortunately, the exposure along the stream 

was rather incomplete, making it impossible to 

place the fossil discoveries into a rigorous 

stratigraphical and sedimentological context. To 

resolve this problem the Nature Conservancy 

Council has made a series of excavations along 

the stream valley, so that the full sequence could 

be logged. This work has also provided extensive 

permanent exposures of the most important 

horizons. Based on these new exposures, a project 

has been organised to study the palaeontology, 

stratigraphy and sedimentology of the sequence. 

This multidisciplinary study, together with 

comparative work elsewhere in the Welsh 

borders, on lower fish-bearing horizons which are 

indubitably marine seems to prove that most of 

the fish species represented in Devil's Hole lived 

and died under fluvial conditions although some 

of them probably spawned and developed to 

adulthood in the sea, based on morphological 

studies (P Tarrant, pers. comm.). 
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Figure 1: Generalised stratigraphic column for Devil’s Hole, Morville. 
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Figure 2: Typical fossil fish to be found in the Devil’s Hole section, Morville. 

 

 

 

The Devil's Hole section crosses the 

Psammosteus Limestone; the faunas change 

completely across this horizon. This is 

demonstrated very clearly by the fossils collected 

from each fish bed. If the fish were all living in 

the sea and were periodically swept up and 

deposited on the Old Red flood plains, then how 

would such a change occur? It is envisaged that 

Protopteraspis, which is rare beneath the 

Psammosteus Limestone, probably spawned in 

the sea, and was able to move in and occupy an 

ecological vacuum left by the previously common 

species which had become extinct at this horizon. 

This correlates with the marked change to wetter 

conditions above the Psammosteus Limestone 

which gave rise to the more frequent fluvial 

sandstone and cornstone channels (which form 

the top of the ridge at Devil's Hole). 

The bulk of the Devil's Hole sequence (about 

60%) is made up of usually poorly bedded, red 

and mottled siltstones. They show little in the way 

of structure other than occasional green reduction 

spots and possibly burrows. With the exception of 

rare fish fragments, these beds are 

palaentologically barren. It is generally believed 
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that such deposits were formed in a floodplain 

environment (Allen & Williams, 1979). The rest 

of the sequence consists of a series of what have 

been called 'hard bands', principally of sandstone, 

cornstone, conglomerate or calcrete, and which 

form small features in the valley. It should be 

noted that the term cornstone is used here in the 

local sense: for conglomeratic rocks with 

abundant mud clasts, and not as in Scotland where 

it usually refers to limestones or similar deposits. 

The most notable of these hard bands is the 

Psammosteus Limestone, used as a marker 

roughly at the junction between the Downton and 

Ditton beds. 

The following is a brief description of these 

'hard bands' starting at the bottom of the section. 

The Traquairaspis Band 

(This is Lye Brook 1 of Ball & Dineley, 1961). 

 

The lowest prominent band consists of a 5 m thick 

complex of channel deposits. It is the lowest of 

the bands to yield abundant fossils and can be 

traced 90 m along the banks and bed of the Lye 

Stream. The conglomerates hold the largest 

concentrations of fossil fish. Traquairaspis 

symondsi is particularly common here and shows 

evidence of having been current sorted (Ball & 

Dineley, 1961). The whole channel complex fines 

upwards. The higher bands have local 

concentrations of fossil fish. Above this is a series 

of thin green and red sandstones with burrows ─ 

so far they have yielded indeterminate fish scales 

and thelodonts. They probably represent minor 

channel or flood deposits. 

The Arthrodire Band 

(This is Lye Brook 3 of Ball & Dineley, 1961). 

 

The second set of fossil-bearing rocks has been 

designated the Arthrodire Band. It is broadly 

similar in composition to the Traquairaspis Band 

and thus presumably formed under similar 

conditions. It is 15 m below the Psammosteus 

Limestone and forms a waterfall in the stream. It 

consists of a 2 m thick channel complex of up to 5 

similar stream channels. 

The lower 20-40 cm of each unit is made up of 

conglomerates (cornstone) which grade up, and 

also laterally, into fine grained sandstones and 

mudstones which commonly have desiccation 

cracks. These desiccation cracks often mark the 

onset of the next channel into the cornstone. 

Overlying the cornstones are laminated brown 

sandstones and soft cornstones. The fossils are 

confined to the hard cornstones, and are almost 

exclusively fish. 

The Arthrodire material represents one distinct 

species with long spinal plates. More spinal plates 

are found here than anything else because of 

water selection during deposition. 

Between the Arthrodire Band and the 

Psammosteus Limestone are red silts with a 

notable red calcrete band which marks a period of 

pedogenesis. 

The Psammosteus Limestone 

The next highest band is called Psammosteus 

Limestone in the section. It is in fact not the true 

Psammosteus Limestone, which appears to be 

absent at Devil's Hole, but is what Ball & Dineley 

referred to as the Upper Psammosteus Limestone. 

It is a thick development of calcrete. It is 

unfossiliferous. 

The absence of the true Psammosteus 

Limestone at Devil's Hole is rather curious, since 

it has been located in parallel stream sections 

running only a few hundred metres on either side 

of here. It appears to confirm the description of it 

by Ball and Dineley as 'a sheet with holes and thin 

patches'. 

Some way above this is a band of brownish-

red, unfossiliferous sandstone. In most features it 

is indistinguishable from the red sandstones found 

lower in the sequence. However, it shows ripple 

cross-laminations produced by wave action in 

standing bodies of water, probably a semi-

permanent inland lake big enough to permit wave 

activity to work sandy sediment. This type of 

deposit does not seem to have been reported 

before from the Lower Old Red Sandstone of this 

area (I.P. Tunbridge, pers. comm.). 

The Pteraspis Band 

(This is Lye Brook 4 of Ball & Dineley, 1961). 

 

The Pteraspis band forms a waterfall near the top 

of the valley. It is the third of the main fossil-

bearing horizons. It consists of another major 

channel complex of grey-green interbedded 

sandstone and 'cornstone' conglomerates with rare 

thin clay lenses. The best fish specimens, 
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including complete head shields are found in the 

basal 'cornstone' conglomerate which contains a 

dense accumulation of fish (mainly 

Protopteraspis). 

Plants tend to be concentrated in certain bands, 

where the fish are less abundant. One of these 

bands is in fact so densely packed with plant 

material that it starts to approach the quality of an 

impure coal. 

The highest part of the Pteraspis Band is quite 

different from the rest. It consists of buff 

coloured, parallel laminated sandstone, and 

contains well preserved forking plant axes and 

large discs of Parka decipiens. There are also 

numerous arthropod fragments, probably of 

Pterygotus. 

Some clay bands occur between some of the 

channels in the Pteraspis Band. So far these are 

the only horizons in the Devil's Hole sequence to 

have yielded microfossils. They are presently 

being studied by Dr Richardson who has 

identified some 30 species. 

The numerous collections of Protopteraspis 

leathensis made from this site has formed the 

basis of a new description of the genus by Peter 

Tarrant who is reinterpreting the life style, 

swimming mode and feeding habits of this 

animal. 
 

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 

outcropping in the vicinity of Devil’s Hole, near 

Morville. 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 

Five members of the Society met at the Field 

Studies Council Drapers Field Centre, Rhyd y 

Creuau, Betws y Coed on the evening of 13
th
 May 

1988. The next morning they were joined by a 

further two members for what proved to be an 

outstanding field weekend in Snowdonia. 

The Leaders of this Field Weekend have both 

given lectures to the Society during the past two 

seasons on their specialist interests in Snowdonia. 

Malcolm Howells (BGS, Aberystwyth) has 

worked for a number of years on a complete 

mapping and re-interpretation of Lower 

Palaeozoic rocks in Gwynedd - especially the 

Ordovician volcanics. Ken Addison 

(Wolverhampton Polytechnic and St. Peter's 

College, Oxford) is the author of four books on 

the Quaternary landscapes of Snowdonia. 

GEOLOGICAL SETTING 

Although the 'Ice' and 'Fire' are both fossil, both 

leaders proved to be enthusiastic exponents of the 

vivid evidence for these quite different 

environments in North Wales. Tony Scharer, 

Warden of Drapers Field Centre, joined the party 

and kindly drove the entire party in the Centre's 

minibus. The weather provided an unexpected 

bonus with two glorious sunny days adding 

greatly to the enjoyment of the trip 

SATURDAY 14
th

 May 

LOCALITY 1: Llanberis Pass 

Malcolm Howells led the party up the south side 

of the pass from Pont y Gromlech. Starting on the 

Pitt's Head Tuff and working up through the 

overlying fossiliferous shallow marine sediments 

of Soudleyan/Longvillian age to the base of the 

Lower Rhyolitic Tuff Formation below Dinas 

Mot during which he introduced the problems and 

some of the solutions of 'the most complex piece 

of geology in Snowdonia'. 

The tuffs were first described as submarine 

erupted rhyolitic lava by Sedgwick in 1842, more 

recently reinterpreted as subaerial acidic ashflow 

tuffs in the 1960's and now reinterpreted as 

submarine ashflow tuffs emplaced in a shallow 

marine environment. The several lines of 

evidence for this latest controversial interpretation 

were clearly pointed out both in the Pitts Head 

Tuff and the overlying coarse volcaniclastic cross-

bedded sandstones. The locally abundant 

brachiopods in the sandstone are indicative of a 

shallow sea. With a negligible amount of tuff 

material in the sandstone there was clearly no 

evidence of the erosion that would have occurred 

if the ash-flow was subaerial with a 'yo-yo effect' 

of alternating sea level. Cross bedding in the 

sandstone provides parallels with the swash zone 

on modern beaches with magnetite concentrated 

by a 'panning' action making it the most magnetic 

rock in Snowdonia. 

The sandstone included a small basalt flow 

overlain by a fine-grained air-fall tuff, quarried for 

honestone, and then the basal pyroclastic breccia 

(co-ignimbrite lag breccia) formed from a vent 

clearing exercise preceding the main eruption of 

ash of the Lower Rhyolitic Tuff Formation. The 

later largely controlled by an asymmetric "down 

sag" caldera sited close to a Caradocian shoreline 

of the Welsh Basin - the Snowdon Caldera 

(Figure 1). 
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Figure 1: Geology of the Snowdon Volcanic Group in the Snowdon area and location of the mineral deposits. 
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At this point Ken Addison then took over with an 

introduction to the history of glacial research in 

the area against a background of the glacially 

eroded U-shaped valley of the Llanberis Pass. 

From our vantage point below Dinas Mot he 

pointed out the small recent, NE facing, alpine 

cirque glaciers which are imposed on deeply 

incised features of the pass eroded by polar ice 

some 1000 m thick flowing from the ice centre in 

the Migneint Plateau 25 km to the SW. 

LOCALITY 2: Pen y Pass 

After lunch we started out on the Miner's Track 

then climbed up onto Craig Llyn Teyrn for a 

strategic view down the Llanberis Pass. Ken 

Addison gave further details of the glacial history 

of the area, particularly the Snowdon Horseshoe, 

and the impossibility of Snowdon being the centre 

of glaciation in the area. The quantities of ice 

required to erode the massive trough of the 

Llanberis Pass being more than could be 

generated locally. 

Malcolm Howells then explained that the 

Snowdon massif was a relatively simple 

geological structure, the main peak consisting of 

the Bedded Pyroclastic Formation with a rhyolitic 

intrusion. Below, on the boundary of the Lower 

Rhyolitic Tuff and Bedded Pyroclastic 

Formations, mineralisation due to hydrothermal 

cells mobilising metals in the tuffs, had occurred. 

The deposits are therefore volcanogenic in origin 

and are related to the development of the 

Snowdon Caldera. Close to the junction of these 

two formations are the old open workings of the 

Britannia Mine, which was mainly developed in 

the middle of the nineteenth century. 

SUNDAY 15
th

 May 

LOCALITY 3: Cwm Idwal 

The day started with an examination of the base 

of the Pitts Head Tuff and the overlying 

fossiliferous sandstone just below the Ogwen Step 

on the NW limb of the Idwal Syncline. 

Identification of the brachiopods dates the rocks 

on the Soudleyan-Longvillian boundary. The base 

of the Pitts Head Tuff was seen to be rich in 

feldspar crystals - a common feature at the base of 

ashflow tuffs. Higher up, in the central part of the 

tuff, columnar jointing, the result of cooling, was 

clearly visible. 

We then crossed the A5 and walked up to 

Cwm Idwal via the Honestone Quarry where tuff, 

tuffite and mudstone are exposed. These strata are 

interpreted as a fine grained ash erupted at a 

distant vent carried by the wind to settle across 

wide area into water in which the muddy 

sediments were accumulating above the Pitts 

Head Tuff and below the Lower Rhyolitic Tuff 

Formation. 

Malcolm Howells led us up onto the ice 

scoured crags/roche moutonnees below Llyn 

Idwal where he pointed out the weathered 

surfaces of the Pitts Head Tuff showing clearly 

the characteristic structural features of welded 

tuff. We walked across morainic material directly 

below Llyn Idwal to the Idwal Slabs of the Lower 

Rhyolitic Tuff Formation. From the base of the 

Idwal slabs we looked towards Twll Du at the 

back wall of the cwm in the core of the syncline 

with Cwm Cneifon and Cwm Clyd high above 

either side of Cwm Idwal (Figures 2 and 3). 

Ken Addison pointed out the evidence for a 

glacial breach above Twll Du bringing ice from 

the Llanberis glacier into Nant Ffrancon via Cwm 

Idwal. The main point being that the Cwm Idwal 

rock basin floor is substantially lower than other 

nearby cirques, scoured out by this additional 

flow of ice. We then returned via the recently 

named Darwin Moraines to Ogwen Cottage and 

the minibus. 

LOCALITY 4: Nant Ffrancon 

From Ogwen Cottage we drove down Nant 

Francon stopping to study the series of cirque 

glaciers , the former extent of Lake Ffrancon and 

the most recent debris flows which crossed the A5 

below Braich Ty Du. A vigorous discussion 

ensued between the two leaders as to the merits of 

the proposed reinterpretation of a former moraine 

as a protalus rampart on the slopes below Braich 

Ty Du. 

LOCALITY 5: Butterly Brick Pit, 

Caernarvon 

This site of late Devensian deposits overlying 

weathered Ordovician shales has recently 

revealed an in situ accumulation of peat of Upton 

Warren Interstadial age (40,000 yrs BP) and large 

fragments of wood apparently bulldozed into 

position by the advancing ice front at the end of 

an interstadial. C14 dates so far suggesting the 
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wood fragments (cedar, larch, spruce and pine) to 

be of Chelford Interstadial age (60,000 yrs BP). 

The tour of the quarry initiated a further 

interesting discussion between the two leaders on 

the difficulties of establishing the provenance of 

glacial sediments, particularly identifying with 

certainty the origin of any glacial erratics. 

This significant site, with recent finds 

suggesting the survival of forests into the last ice 

age in North Wales, was a fitting end to an 

excellent weekend. Our grateful thanks to 

Malcolm Howells and Ken Addison for giving so 

freely of their time, knowledge and enthusiasm. 

 

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 

outcropping in the vicinity of Snowdonia. It should not 

be used for any other purpose or construed as 

permission or an invitation to visit the sites or localities 

mentioned. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 
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Figure 3 
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INTRODUCTION 

It was a very pleasant June day and around 

eighteen of the Society members met at 

Horderley. This was Professor Dean's last field 

excursion as our President and both weather and 

geology combined to make a memorable day. 

The Field Excursion followed the plan laid out 

in the Professor's notes that follow and was 

notable for the large number of fossils found. 

GEOLOGICAL SETTING 

Professor Dean's general introduction placed this 

area of Shropshire near the edge of the Midland 

platform in the Ordovician. A major marine 

transgression occurred during the Carodocian. 

This eustatic rise in sea level is now thought to be 

due to an increase in activity at spreading centres 

in the world's oceans. The shelf sea facies, well 

seen to the east of the Church Stretton Fault, is a 

major contrast to the area of Ordovician rock 

around Shelve. (ref. Professor Dean's Field Trip 

held on 17
th
 May 1987). 

Although the Shelve Inlier in west Shropshire 

contains a very thick sequence of Ordovician 

rocks, ranging in age from Tremadoc to Caradoc 

and including thick developments of volcanics, 

the succession a few kilometres to the southeast is 

very different. Excluding the poorly exposed 

mudstones (Shineton Shales) of the Tremadoc 

Series, only rocks of the Caradoc Series, for 

which this is the type area, are developed. The 

strata are essentially of shallow marine type and 

represent the products of a transgression from the 

Welsh Basin on to the Midland Platform, as a 

result of which the lowest beds lie above a 

marked unconformity. In general the strata have 

only a moderate dip to the south-east but this may 

steepen in the vicinity of the Church Stretton fault 

system. Principal rock types include 

conglomerates, coarse- and fine-grained 

sandstones, and mudstones; fossils are mainly of 

shallow marine, benthic type and may be locally 

abundant. 

ITINERARY 

LOCALITY 1: Horderley 

The north side of the road east of Horderley 

shows a good section through the Horderley 

sandstone, probably the original "Caradoc 

Sandstone" of Murchison (1839) that formed the 

basis of the Caradoc Series. Brown or maroon 

weathering, fine-grained sandstones, sometimes 

showing cross bedding. Fossils mostly confined 

to small lenses of shelly limestone with small 

brachiopods. Still farther east along the same road 

are exposures of Cheney Longville Flags, light-

brown, thin-bedded siltstones, some of them 

cross-bedded; fossils (brachiopods) in thin, 

weathered bands. 

LOCALITY 2: River Onny 

Walk to Horderley and cross River Onny by small 

bridge to reach old quarry near left bank. Hoar 

Edge Grits, with steep dip, rest unconformably on 

Precambrian (Western Longmyndian), maroon 

sandstones, though the junction is deeply 

weathered. These basal Caradoc strata comprise 

conglomerates and sandstones, some of them 

sufficiently calcareous to have been burnt for 

lime. fossils are uncommon but include thick-

shelled brachiopods (Dinorthis). Walk east along 

route of old Bishops Castle railway line, with 

good section in Horderley Sandstone. Note 
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changes of dip produced by part of the Church 

Stretton fault system that runs NNE-SSW through 

the Onny Valley just east of Horderley. 

LOCALITY 3: Marsh Wood Quarry 

Marsh Wood Quarry, south of Marshbrook, was 

once a well-known section in the highest Cheney 

Longville Flags that formed the basis of 

Bancroft's Marshbrookian Stage. Although the 

exposure has deteriorated, the characteristic 

brachiopods (including Dalmanella unguis) can 

still be found. The small, conical mollusc 

Tentaculites is sometimes abundant, though 

weathered, on bedding planes. 

LOCALITY 4: Marshbrook 

The section at the west end of Cheney Pool, east 

of Marshbrook, exposes grey mudstones that form 

the typical development of the Acton Scott Beds. 

The rocks were probably deposited under deeper 

marine conditions than the strata examined earlier 

today, and the fauna is more varied, including 

some bivalves, gastropods and occasional 

nautiloid cephalopods in addition to brachiopods 

and trilobites. Graptolite fragments may be found 

uncommonly. 

LOCALITY 5: Acton Scott 

A disused quarry 300 m west of Acton Scott 

Church was one of several opened for building 

stone near the village. The rocks represent a local 

development of siltstone or fine-grained 

sandstone (originally calcareous but now 

weathered) within the Acton Scott Beds. They 

contrast markedly with those seen at Locality 4 

and fossils (mostly brachiopods) are less varied, 

though they may be abundant in thin layers. If the 

weather is clear, the high ground near the church 

provides a very good view of the local geology. 

LOCALITY 6: Soudley 

The large, disused quarry at Soudley, once 

exploited thick bedded sandstone (Soudley 

Sandstone), now less well exposed in the lower 

part of the section. The upper part of the section 

shows one of the best sections in so-called 

Alternata Limestone, made up largely of thin 

bedded siltstones in which lenticular beds of 

shelly limestone occur. The lenses, deposited 

under shallow marine conditions, are made up of 

brachiopod valves, particularly Heterorthis 

alternata, though Sowerbyella sericea, 

Strophomena grandis and the inarticulate form 

Tematis punctata also occur. There is a local 

disconformity at the base of the Alternata 

Limestone, and the upper two-thirds of the 

Horderley Sandstone seen in the Onny Valley 

(Stop 1) are missing at Soudley. 

LOCALITY 7: Hope Bowdler 

The excursion ends at the roadside section 

immediately west of Hope Bowdler. Shales rest 

with marked unconformity on Uriconian (older 

Precambrian) volcanic rocks (tuffs). The Hoar 

Edge Grits seen in the Onny Valley are absent at 

Hope Bowdler as a result of the transgressive base 

of the Caradoc strata. The Harnage Shales here 

comprise fossiliferous mudstones (with small 

brachiopods, trilobites, bryozoa and ostracods) 

together with some fine-grained sandstone and 

pebbles derived from the Uriconian rocks. 
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Figure 1: Generalised stratigraphic column for the Ordovician of South Shropshire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
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 outcropping in the vicinity of South 

Shropshire. 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 

Led by Mr Warren Pratt of Aberystwyth 

University, five Society members turned out on a 

rather grey day to meet at Bird Rock [SH 642 

071], a spectacular crag covered with cormorants 

and jackdaws. 

The day's field work was set in the valley that 

runs from Tywyn on the coast to the Cross Foxes 

Hotel at the junction of the A470 and A487. 

GEOLOGICAL SETTING 

The main purpose of the day was to examine 

evidence for the direction of movement of the 

Talyllyn Fault that guides this valley and runs on 

the Bala as the Bala fault. This has weakened the 

rocks so that a valley has been carved out to the 

south of Cader Idris. The rocks were Ordovician 

in age (Figure 1). 

 

 
 

Figure 1: Generalised stratigraphic column for the 

Ordovician in the vicinity of the Talyllyn Fault. 

ITINERARY 

LOCALITY 1: Bird Rock [SH 642 071] 

At 762 m high this was a quarried and bird 

covered crag. It was massive and in places 

jointed. Clearly an igneous rock, it seemed to be 

manly an acid lava flow: the Upper Acid Group. 

Originally it was a sea-cliff and the land to the 

west of it is very low lying. 

 

LOCALITY 2: Close to Bird Rock [SH 642 

070] 

Although only a short distance from the previous 

exposure, the rock was a cleaved mudstone: the 

Talyllyn Mudstone. Here the bedding could be 

seen at about 30° south east, this being the 

southern limb of the Harlech Dome. However, 

this simple pattern is made more complex as the 

beds are all folded into broad folds with axes 

trending north to south. Mr Pratt found 

unexpected thicknesses of mudstones in the area 

and suggested that decollement had occurred 

between the Talyllyn mudstones and the 

underlying Upper Acid Group. 

The view to the north of the valley revealed 

bluffs and valleys that corresponded to the 

outcrops of the softer mudstones and harder 

igneous rock. 

LOCALITY 3: Castell-y-Bere [SH 661 080] 

This ruin is spectacularly placed high on a rock 

outcrop in the valley. Much of the exposure is 

cleaved mudstone but high up in the castle itself 

flow-banded rhyolite was clearly seen. 

LOCALITY 4: Abergynolwyn Station [SH 

672 063] 

Up until this point the rocks were undisturbed by 

faulting but here, where the cleaved mudstones 

were exposed along the narrow gauge railway 

cutting to the east of the Station, fine slickencrysts 

were seen. Mr Pratt explained that these indicated 

the direction of movement of the beds. 

Slickencrysts grow along lines of movement of 

faults. They are a form of slickenside but have a 

number of steps in their development. When in 
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situ the fault has moved in the direction that feels 

smooth to the touch. Unfortunately the exposures 

were very weathered and overgrown, although 

fine examples were found loose on the ground. 

LOCALITY 5: Abergynolwyn plantation 

[SH 670 067] 

In a burnt-out plantation on the north side of the 

valley were a number of small exposures of 

Talyllyn mudstones showing excellent kink 

banding. These bands again indicate the direction 

of movement of the fault, and were well seen on 

the cleavage faces of the mudstones. 

LOCALITY 6: Hotel on Tal-y-llyn Lake [SH 

712 095] 

This lake basin is clearly glacial in origin but an 

area of rough disturbed ground was seen closing 

the lake to the west. The Afon Dysyndd has to cut 

a course here through what is clearly a landslip. A 

view to the south side of the valley from behind 

the chapel showed an area of the Talyllyn 

mudstone high on the valley side that had slipped 

away. Mr Pratt had been above the adjoining area 

that had not yet slipped and told us that an area of 

marshy ground indicated that this too will slide 

one day. Such a slip will reach the hotel. 

Post glacial slips commonly occur when the 

valley sides are no longer held up by the glacier 

and have been undermined by the glacier's action. 

LOCALITY 7: Roadside Quarry [SH 752 

136] 

A quarry to the south of the road revealed igneous 

rocks again and these were exposed above us in 

spectacular crags. These were of the Upper Acid 

Group. However, at a gravel pit to the north of the 

road at grid [SH 756 139] the Talyllyn mudstones 

were being quarried. This would indicate that the 

downthrow of the fault was to the north as the 

younger rocks were seen on that side. However, 

slickencrysts in this quarry showed evidence to 

the contrary, again suggesting several phases of 

movement along this fault. 

LOCALITY 8: Machynlleth Station 

The field excursion ended with a quick visit to a 

spectacular fold behind Machynlleth Station. 

Although several of the group were experienced 

geologists, it was intensely interesting to see at 

first hand a young geologist working on such 

complex structural problems. We only saw two 

rock types all day but learned much about the 

evidence that can be found when clearly displaced 

rocks are not there to help! 

 

 

 

 
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 faulting of the 

Talyllyn Valley. 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 

Those members of the Society who braved a grey 

Shropshire morning found themselves in sunny 

South Wales where they were joined by members 

of the Black Country Geological Society and one 

car from the East Midlands Geological Society. 

The purpose of the excursion was to examine 

the full succession of the Carboniferous. 

ITINERARY 

LOCALITY 1: Porth yr Ogof [SN 928 124] 

The first site to be visited was close to the 

Devonian unconformity. Here, the River Mellte, 

has exploited bedding planes between the lower, 

darker limestone and upper, more massive 

limestone, to the extent that, looking into pots on 

either side of the path, the river can be seen 

flowing at several levels. 

Several hundred metres further on, and 

stratigraphically higher, the various sub-terranean 

streams resurge and re-emerge via small falls and 

syphons. 

A pleasant mid-morning stroll along the 

riverbank led to the Clungwyn Waterfall (Figure 

1). 

 
Figure 1: Generalised cross section at Clungwyn Waterfall. 
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Above the waterfall, the basal Millstone Grit can 

be seen in the river bed with shales and the '12 

feet' sandstone visible in the east bank. 

Below the waterfall, the same sequence is seen 

(this time in the west bank). The waterfall itself is 

due to a fault with a 10 m throw. Classic fault 

features are associated with this fault and fault 

breccia, slickensides, together with some 

mineralisation, were closely examined. 

 

 

LOCALITY 2: Dinas Rock [SN 912 078] 

Returning to the cars, the company repaired to 

Pontneddfechan for lunch, recommencing their 

geological study to the east of the village at Dinas 

Rock. Although only about 10 km from the 

essentially flat-lying beds of Clungwyn Waterfall, 

the Carboniferous Limestone bedding planes 

exposed in a disused quarry dip at some 70° 

towards the north. Close to this quarry in the 

River Sychryd, the Carboniferous Limestone is 

seen folded into a tight anticline (Figure 2). 

 
Figure 2: Generalised cross section through anticline at Dinas Rock. 

 

 

This structure is attributable to the Dinas fault 

which is part of the Hercynian Vale of Neath 

disturbance. 

LOCALITY 3: Dinas Mine [SN 917 080] 

A steep climb up to the Dinas silica mine took us 

away from the disturbance to another outcrop of 

the basal grit which had previously been seen in 

the morning. At this site, the lithology is of 

sufficient purity that until the early part of the 20
th
 

Century, the grits were mined for the production 

of refractory bricks. 

Leaving the silica mine, we headed south to 

the Hirwaen area from where, after passing both 

open-cast and deep mines on the road side, a 

splendid overview of the Vale of Neath and its 

associated geology was possible. 

The day concluded at the head of the Rhondda 

Valley in the Pennant Sandstone, a cross-bedded 

arkose, from which carbonaceous fossils were 
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collected. Here thanks were expressed to the Field 

Secretary, Ms Susan Gibson, for leading this field 

excursion. 

 

 
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 Carboniferous of 

South Wales. 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 New Studley Tunnel 
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SCHOLEY, J. & INGLE, D. (1989). The New Studley Tunnel. Proceedings of the Shropshire Geological Society, 

8, 25–27. The New Studley Tunnel forms part of the Elan aqueduct. The site investigation at Clee Hill was 

outlined, enabling a description of the geological structure of the hill through which the tunnel leads. The 

construction of the project is explained, in particular how tunnelling methods were adapted to suit the diverse 

geology encountered. 
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Sir John William and Partners' role in the project 

is that of Engineer. They are not a party to the 

contract which is between the Severn Trent Water 

Authority, the owners of the aqueduct, and 

Faircloughs. As the "Engineer", Halcrow had 

designed the project, prepared the contract and 

arranged the letting of the contract, though 

returned tenders were opened by the client who 

would decide whose tender to accept, with the 

assistance of recommendations from Halcrow. 

Halcrow supervise the project and certify the 

amounts to be paid to the Contractor. Fairclough's 

role is the build the project and they have the 

experience, expertise and knowledge of methods 

to carry through the project. 

The New Studley Tunnel will form part of the 

Elan Aqueduct. The aqueduct conveys water from 

a series of reservoirs in Wales the 118 km to 

Birmingham. In the late 19th century, 

Birmingham derived most of its water from 

boreholes. Birmingham is on high ground and had 

to pump to extract their water, and they were 

running short. They detailed a leading dam 

engineer of the time, James Mansergh, to identify 

an alternative supply for the city. 

Mansergh was also a railway engineer and had 

been working on the Cambrian railways. While 

carrying out work near Rhayader he identified a 

site for a reservoir in an ideal position to supply 

Birmingham and he managed to persuade the 

Birmingham authorities that this would be the 

solution to their problem. He planned to run a 

conduit, keeping to higher ground for as much of 

its length as possible. It runs from Rhayader, past 

Ludlow and Cleobury Mortimer, north of 

Bewdley and Wolverley and on to Hagley and 

Frankley. 

Some third of its length is in Shropshire and 

most is gravity feed and free flowing and the 

conduit has a gently gradient of 1 in 4,000 overall. 

It has to cross a number of valleys; in particular it 

crosses the Teme thrice and the Severn Valley. 

Where it goes below the level of water surface it 

runs through a system of pipes in an inverted 

syphon designed so the head of water in the pipes 

is sufficient to flow in one end and out the other. 

Where the aqueduct encountered high ground 

this was tunnelled through - some tunnels are up 

to 6 km in length and one tunnel, the Studley 

tunnel runs through the southern limb of Clee 

Hill. The original tunnel is shaped like a loaf of 

bread and is concrete lined with one layer of 

bricks lining the water channel which has become 

darkened by a layer of peat slime. There is a 

routine 72 hour cut-off of water supply every six 

months so that inspections and any necessary 

minor repairs can be carried out. 

Repairs have been carried out several times 

over the century of the tunnel's use, nearly all of 

which have been in the central 500 m of the 1500 

m long tunnel. Unfortunately the repairs that have 

been made restrict the flow of water in the tunnel 

and it became necessary to consider a final 

solution rather than another series of repairs. 

Several possibilities were considered; the old 

tunnel could be rebuilt, but the water would have 

had to be overpumped during reconstruction at a 

considerable cost; a conduit running round the hill 

rather than through it, but the necessary extremely 

shallow gradient over the longer length would 

have meant construction of an impossibly smooth 

structure and the disruption to the local residents 

would have been immense. 
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The area is environmentally sensitive - it is a 

holiday area of outstanding beauty, so for 

economic and other reasons it was decided to 

build a new tunnel running parallel to the first. 

A survey undertaken in 1967 had indicated 

that the geology of the hill caused the problems in 

the central section. The basic geological structure 

was known from Regional Memoirs and some 

records survive from the construction of the 

original tunnel. Clee Hill is a dolerite plug and has 

been quarried for over a century, but the southern 

limb is quite different, it is sedimentary. 

However before the new tunnel could be 

designed and sited a full site investigation needed 

to be carried out. Halcrows undertook this 

contract and in 1985 ten boreholes were driven. 

Two of these had to be relocated as it was found 

impossible to drill through certain strata. These 

were usually mixtures of marl and sandstone or 

marl and clay. Pumping experiments were also 

conducted to try to determine the porosity of the 

strata. These experiments were not entirely 

successful and in some cases no back pressure 

could be obtained and the local residents became 

distressed to see their entire water supply being 

pumped down boreholes! From this investigation 

the structure of the hill was determined with some 

accuracy. 

Underlying the hill are Devonian marls and 

sandstones which are dipping north. 

Unconformably overlying these is a syncline, at 

the base of which is Carboniferous limestone, 

interbedded by a series of shales. The limestone 

bands are hard but muddy. Above the limestone is 

a rather 'nasty' band of marl clay containing 

approximately 65% silt and a fair amount of clay 

containing the clay mineral smectite which is a 

potentially swelling clay mineral. It was pointed 

out that the term 'marl' is used to describe 

calcareous mudstones, and it says nothing about 

the strength of the rock and very little about its 

structure. 

In the hill this band of clay marl acts as an 

impervious layer and there is a series of 

sandstones, conglomerates and mudstones above 

it, referred to collectively as the Cornbrook Series. 

Once above the swelling marl there is no 

calcite present, the rocks are acidic and siliceous. 

Towards the top of the hill are Coal Measures, but 

it is not thought that these are very developed over 

the tunnel itself as they tend to be further up the 

syncline and further round the hill. There are coal 

bands in the Cornbrook Series, these are bands of 

carbonaceous shale. 

The structure of the syncline is more of a V-

shape than a U-shape and strata go down nearly 

parallel for some way on both sides. The fold is 

concentrated into a narrow central zone which 

makes it difficult to define where the axis is 

located, and there tends to be shattered rock down 

the middle of the syncline. 

A further 9 boreholes were sunk in 1986 and 

slides of the number 17 core were used to 

describe the rock sequence in some detail. 

The construction methods used by the 

Contractors to overcome the difficult and variable 

geology can now be described. The work started 

in October 1987, and the first job was to improve 

access to the site. The new tunnel was to be 1330 

m long with an internal diameter of 3.15 m which 

would be reduced to 2.65 m when lined. This final 

lining would be circular rather than the "D-

shaped" excavated profile and it would be parallel 

to the original tunnel. 

Faircloughs started a shaft excavation in 

November 1987 to dig down to the level of the 

original tunnel which lay at a depth of 9 metres 

below ground level. Using a special excavation 

machine they were able to proceed 150 m 

horizontally through the Devonian marl without 

the need for blasting. However, once into the 

sandstone the machine could not cope on its own 

and a drill and blast method of excavation was 

adopted. 

One problem with the variability of the rocks 

is that of support and the New Austrian 

Tunnelling Method has been adopted which 

employs the use of concrete sprayed by 

pneumatic means with water being added at the 

nozzle of the spraying machine, the "shotcrete" 

method. It is an ideal method of support as a few 

metres of tunnel can be excavated and then 

immediately supported before the ground has a 

chance to relax, also support can be applied to 

various thicknesses, as little as 50 mm thick 

where the rock is good, but where the rocks are 

broken a mesh reinforcement material is applied 

and the concrete sprayed over it. 

Where the rocks are shattered, steel or lattice 

ribs are used for support with up to 150 mm of 

shotcrete applied between them. Where the tunnel 

went through the swelling clay marl the floor and 

sides were well treated with supporting ribs and 

concrete as well as the roof. Checks are carried 
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out on this system of support by convergence 

checks. Three studs are placed in the tunnel and 

accurate measurements are taken to determine 

whether there is any movement between them 

over time and if movement exceeds 5 mm then 

more support is applied to. guard against possible 

collapse. 

There is, of course, a necessity for both ends of 

the New Tunnel to be joined into the existing 

aqueduct and new junction pieces have been 

designed and cast in concrete. One of these was 

fitted during a routine cut-off in September 1988. 

It is basically a 'Y-shaped' piece with one 

diameter designed to fit into the existing tunnel 

and a branch off that fits the new tunnel. The new 

tunnel branch is at present blanked off, but when 

the new tunnel is finished and the junction made 

at the other end also the flow through the 

aqueduct will be diverted from the old to the new 

tunnel. 

At the time of writing the new tunnel was 

excavated to around 500 m, approximately one 

third of the total length. Once it is complete a 

circular concrete lining will be cast in situ to 

smooth and finish the tunnel to receive the water 

flow. 
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The two main techniques used as a basis for 

investigating deep geology are deep drill holes 

and reflection seismic data. However, the data 

from these sources was not used in isolation in 

interpreting subsurface geology. Evidence from 

other sources, including surface mapping, 

gravitational anomaly data and geophysical data 

was used in conjunction with it, to the extent that 

deep geology could be regarded as 'total geology'. 

By way of introduction, the outcrop patterns of 

the major divisions of Britain's geology were 

pointed out with respect to the underlying 

geological structures. Careful mapping at the 

surface would give a good idea of the underlying 

geology. To illustrate this point, the Lower 

Palaeozoic where our knowledge is restricted to 

the main area of outcrop in the west highland area 

of Britain while knowledge of the Lower 

Palaeozoic rocks under the eastern side of Britain 

was restricted to a limited number of deep drill 

sites and remote sensing, seismic data. 

The original technique in seismology of using 

explosions to generate energy waves has now 

been modified, on land anyway, by vibroseis. 

This uses the same trail of several kilometres of 

geophones but the energy/acoustic waves are 

passed into the ground by mobile trailers, with 

large electro-hydraulic vibrating pads, usually 

working in groups of three or four, which can be 

used on existing roads and in built up areas 

without damage. The reflection times are then 

recorded at the surface. The results are then 

interpreted, a complex process requiring much 

experience. This remote technique is then 

supplemented by data from boreholes. 

There have been eight boreholes of up to three 

kilometres deep drilled by the BGS in the last 

nine years in various key areas. Data from 

boreholes comes not only from cored material but 

also from downhole geophysical logging. Using 

such techniques precise stratigraphical boundaries 

can be discerned. These can be matched with 

lithological divisions gleaned from drill cores. 

A very high degree of precision is possible, for 

example, in the clays and shales of the Mesozoic, 

where lithological boundaries from cored material 

can be used to calibrate signatures in the 

geophysical data from downhole logging. This 

can provide, particularly in mudstone sequences, 

finer division of strata than is possible with 

ammonite zones. Additional, though confidential, 

borehole data comes from the oil companies, the 

BGS holding such information on behalf of the 

Government. 

Using such techniques it has proved possible 

to produce accurate maps of the contours in the 

subsurface strata with the potential to solve many 

long standing geological problems. Ideally the 

seismic profiles have to be sited so as to pass 

through existing deep drill sites. The depth that 

can be reached using such techniques depends on 

the nature of the strata. Vertical or steeply dipping 

strata do not give good seismic reflections. Over 

much of Britain, however, a picture to the base of 

the crust/Mohorovicic discontinuity is possible 

(15-30 km). This has allowed a picture of the 

major structures present in the British crust to be 

understood for the first time. 

Results from two such studies closer to home 

can now be considered. 

First, a section across the Midlands 

massif/micro-craton. This revealed similar Lower 

Palaeozoic basins either side - the exposed Welsh 

basin and a concealed eastern basin. With one 

good seismic section sorting out the Malvern 

structure once and for all. 

Second, a seismic profile across the southern 

part of the Church Stretton sheet. Although not 

completely worked out and with problems with 

the near vertical, steeply dipping strata of the 
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Longmyndian sediments, reducing the depth to 

which structures could be discerned to 3000 ft 

maximum, this nevertheless proved an invaluable 

insight and aroused considerable interest. A 

similar picture seemed to be emerging from all 

the seismic studies of sedimentary basins of 

recurring cycles of activity based on deep seated 

structures in the basal crust. 
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Metamorphism as the process that changes ugly 

ducklings into swans can be illustrated by 

comparing a Middle Lias mudstone sediment, 

which was fine-grained, with its metamorphosed 

equivalent, a schist containing garnets or beautiful 

minerals such as kyanite. Another example is the 

Carboniferous Limestone found around Bristol 

and South Wales which contains fossils and 

consists of clays and carbonates. When this is 

metamorphosed under the right conditions the end 

product contains garnets and wollastonite. 

Metamorphism as a process of mineralogical 

and structural change in rocks which takes place 

in the solid state. This process occurs in response 

to controls, to physical and chemical changes, 

which are different from those in which the rocks 

formed. This can be illustrated with diagrams of a 

basin environment filling with sediments. The 

bottom of the basin is dropping as the sediments 

are deposited so that a thick series of sediments 

many kilometres deep forms. The sediments at the 

bottom are squeezed by the pressure of the 

sediments above. This lithostatic pressure 

increases with depth and would be about 2 

kilobars at around 6 kilometres depth. Also the 

temperature increases with increased depth. This 

varies at different points on the Earth s surface, 

but this rate of change of temperature with depth, 

the geothermal gradient, is on average 20° or 

30°C per kilometre, but can be as much at 500°C 

per kilometre. Sedimentary rocks are formed from 

sediments by diagenetic processes which are 

continuous over a range of temperatures. A 

boundary of 200°C is chosen for the 

diagenetic/metamorphic process boundary. 

Different controls all have a part to play in 

determining the type of metamorphic rock 

formed. The list of important controls include: 

lithostatic pressure, directed stress, fluid pressure, 

the chemical activity, temperature, time, presence 

of water and the type of original rock and its 

constituents. 

The principal agent of metamorphism is heat, 

but without water many reactions will not reach 

fruition, or indeed will not start at all. Water 

occurs in rocks in several different ways: as pore 

water and some rocks have porosity of up to 90 

per cent, but with increased depth porosity 

decreases. 

However, water is carried down to depth by 

adsorbed or interlayer water and most importantly 

by crystalline, bound or potential water which is 

water that is part of the structure of the minerals 

themselves. For instance, gibbsite contains around 

30 per cent water. It has been calculated that there 

is as much water bound within rocks in the Earth's 

crust, not counting pore water, as in the oceans. 

The effect of water upon metamorphic processes 

can be illustrated by the example of a chemical 

reaction between magnesium oxide and silica 

which in the solid state at 750°C and with no 

water proceeds too slowly to be measured. 

However in the presence of water the reaction 

will proceed about 106 to 1010 faster. This would 

be the equivalent of the reaction proceeding in an 

hour instead of a million years! 

Also water has a part to play when rocks melt. 

For solids to melt in dry conditions under high 

pressure the temperature needs to be high also. 

However, in the presence of water at the same 

pressure the same solids will melt at lower 

temperatures. For instance, for granite to begin to 

melt in dry conditions at atmospheric pressure it 

needs to be heated to 900°C. However in the 

presence of water and under 10 kilobar pressure 

granite will begin to melt at about 630°C. 

The variety of metamorphic rocks produced by 

different sediments can be illustrated as follows. 

An almost pure sandstone containing only quartz 

composed of silica, bound by a siliceous cement 
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will only change texturally during metamorphism 

but not mineralogically. Similarly for a limestone 

containing 99 per cent calcium carbonate no 

mineralogical change occurs in nature for 

although the reaction: 

 

CaCO3 -> CaO + CO2 

 

will proceed at 800°C and atmospheric pressure, 

to get this temperature in nature the pressure is 

high and the reaction will not proceed – thus most 

changes will be purely textural. 

Thus a fine grained chalk will produce a fine 

grained marble in which the minerals may have a 

preferred orientation and traces of other elements 

will produce the distinctive marble colours (e.g.. 

manganese produces a pink colour). 

Rocks from Norway that had started off as 

being similar to the Middle Lias mudstones were 

then considered. It was explained that the history 

of these rocks could be deduced as they started as 

mud sediments, after burial heating to about 

200°C plus directed stress would have produced 

slates, further pressure and heat would have 

produced schists in which mineralogical changes 

would have taken place. After an initial 'seeding', 

mineral constituents tend to migrate and large 

minerals grow, such as chlorite and biotite mica. 

With further temperature increases garnets might 

form, growing over whatever was in the rock 

before – these are termed porphyroblasts (the 

equivalent of phenocrysts in igneous rocks). 

Examination of metamorphic rocks from 

granite intrusion aureoles where there was 

lithostatic pressure and heat but no directed stress 

and the resulting hornfels has an almost 

homogeneous texture. 

Many metamorphic rocks are formed at 

subduction zones where there is great stress. 

When rocks are squeezed near the surface of the 

crust they are brittle and break. However, at depth 

at fairly high temperatures they are ductile and 

flow. Minerals can show growth at different 

stages. garnets often show inclusions and from 

this it can be deduced that the garnets may have 

grown at an early stage and overgrown an earlier 

schistosity. Inclusions may be curved showing 

that the garnets grew under stress; other minerals 

may grow at a later stage and show a different 

orientation. 

Some minerals, such as kyanite, andalusite and 

sillimanite, have the same chemical formulas. 

They are polymorphs, but the chemical 

constituents are arranged differently to produce 

the separate minerals. These polymorphs form 

under different conditions. At high temperatures 

sillimanite predominates, at high pressures 

kyanite predominates, but at low temperatures and 

low pressures andalusite predominates. Thus 

where these minerals are found much can be 

deduced about the conditions prevailing when 

they were formed. 

Finally, rocks could be metamorphosed under 

extreme pressure only, which is dynamic 

metamorphism, and the resulting rocks show a 

granulate texture. Also, if temperatures are 

sufficiently high, above 650°C, in the presence of 

water, some melting may occur which, when 

followed by cooling, would give granitic patches 

within metamorphic rocks – these are migmatites. 

In conclusion, it should be remembered that 

the whole process is cyclic in that sediments at the 

surface are buried and, under the right conditions, 

they are metamorphosed, but these rocks return to 

the surface again (otherwise we would not be able 

to collect and study them!) to be eroded to 

become sediments once more. 
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