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The hydrogeologist in the environment 

 

Mike Morrey
1
 

 
 

MORREY, M. (1987). The hydrogeologist in the environment. Proceedings of the Shropshire Geological Society, 

6, 1─2. The account of a lecture describing the role of a hydrogeologist. 

 
1
affiliation: Hydrotechnica, Shrewsbury 

 

 

Groundwater is that portion of water held in rock 

strata beneath the earth's surface which can be 

gained from boreholes or springs. Strata yielding 

water in usable quantities are referred to as 

aquifers; these are usually bounded by clays and 

marls which inhibit water movement 

underground. Statistics show that whereas about 

95 per cent of the earth's water supply is 

contained in the oceans and roughly 4 per cent is 

bound in glaciers, icebergs and biomass, the next 

largest percentage of around 0.6 per cent occurs 

as groundwater and accounted for between 20 and 

30 times more water than lakes or rivers. 

Two controls act on the amount of water held 

in strata: 

a. the climate regulates the amount gained by 

precipitation and that lost by evaporation and, 

b. the geology of the region dictates how much 

water is retained. 

 

Within the United Kingdom, the positions of 

major aquifers reflect the geology of the regions. 

Aquifers are mainly found in the sands and silts of 

the Crag region of East Anglia, the band of chalk 

in southern England, the sands of the Kent and 

Sussex Weald, Jurassic limestones of Central 

England and the Cotswolds and the underlying 

Permo-Triassic sandstones of South Wales and 

Devon, as well as the older Carboniferous 

limestone strata of South Wales and the Pennines, 

and the Magnesian Limestone of Durham. 

Groundwater is, therefore, readily available 

over much of the United Kingdom. Large 

companies such as the Central Electricity 

Generating Board and Health Authorities have 

found it to be economic in certain circumstances 

to sink their own boreholes to recover water at an 

average cost of less than 1 pence per 1,000 

gallons against the Water Authorities' average 

charge of £1 for the same quantity. 

Hydrogeological consultants are thus 

contracted by such companies as well as the 

Water Authorities. Skilled hydrogeologists 

maximise the probability of finding water; large 

diameter boreholes cost up to £20,000 and thus 

failures can be very expensive. 

The hydrogeologist has many techniques 

available to him. Firstly studies are made of 

readily available geological information to 

pinpoint probable areas for successful drilling. 

Field studies are then carried out. Anomalies in 

readings of electromagnetic surveying over a 

wide area pinpoints positions of rock fissures 

which may contain water. Resistivity surveying, a 

technique utilising the passing of electric current 

through the ground between sets of electrodes, 

identifies underlying strata and can also indicate 

fault structures. These techniques can be used 

successfully to indicate optimum drilling 

positions. 

Most of the main aquifers in the UK have been 

known for over a century. It has been estimated 

that the amount of water extracted from the chalk 

in Southern England exceeds rainfall, thus the 

groundwater level is dropping. However in other 

parts of the country, such as Merseyside, industry 

closures have meant less water being extracted 

from aquifers and groundwater levels are rising. 

There is concern that should this happen in 

London also; the London Clay may swell causing 

subsidence and there is a danger that deeper 

Underground lines may flood. 

Aquifers can be used as a storage medium. In 

winter surface water can be tapped and excesses 

pumped into aquifers to be used in the summer. 

Recently new EEC standards have been issued 

covering water quality, and stringent controls 

have existed in the UK under the Control of 
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Pollution Act. A licence must be obtained before 

anything other than water can be discharged into 

underground strata. However two areas have been 

causing concern: 

1. Tips and land-fill sites may exude 

pollutants which are carried into aquifers by 

rainwater infiltration. 

2. Increased use of fertilisers increases the 

amount of nitrates and phosphates that are washed 

into aquifers. 

 

Hydrogeologists are consulted on prevention of 

aquifer pollution, and solutions to waste disposal 

problems. Most water pollution by waste disposal 

can be controlled and new techniques included 

lining old quarries to be used as tips with clays. 

Unfortunately, the nitrate problem may already be 

larger than indicated, as rainwater moves through 

rocks faster than the nitrates it carries, especially 

in chalk, and thus concentrations of nitrates in 

water supplies may rise dramatically as the 

nitrates held in rocks reach saturation point. 

Another problem in coastal areas occurs where 

aquifers pass beneath the sea. If the groundwater 

sinks below sea level, saline water may then 

migrate to pollute the aquifer. 

The largest amount of work undertaken by 

hydrogeologists is overseas, especially in the 

Middle East and Third World countries. Local 

expertise in these regions is usually low and work 

for the consultants falls into three categories: 

1. Rural groundwater schemes, particularly in 

drought-smitten areas of Africa. 

2. Major schemes for towns, mining and other 

industrial enterprises. 

3. Middle Eastern surveying of overall water 

resources. 

 

The same techniques of water divining as 

discussed previously are still appropriate. The 

author showed slides of work in Zimbabwe, 

where the underlying rocks are Precambrian 

granites and gneisses which provide a soil of 

highly weathered granite called the 'regolith'. The 

deeper the regolith, the more chance of finding 

water reserves contained within it; such areas are 

found by resistivity surveying. Where the regolith 

is thin, electromagnetic surveying is used to try to 

find fissures in the granite basement rocks. 

In a desert region of northwestern Pakistan, a 

copper mine is being developed in andesitic 

volcanic rocks. Large quantities of water are 

needed for the mining and industrial processes. 

Resistivity surveying showed that the occurrence 

of fissures in the andesites were too low and 

nearby alluvial gravels yielded water of an 

extremely high salinity. However, a region 

between two mountain ridges provided 

groundwater at depth, and test boreholes provided 

evidence that there was sufficient water of usable 

quality that would far outlive the life of the mine. 

At Abu Dhabi in the Middle East, consultants 

have water drilling rigs based on the Shell oil well 

type and these are sunk to a depth of 1000 m or 

so. In this area water is considered a finite 

resource and is mined as such. 
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SMITH, R. (1987). Patterns of sedimentation in Lower Silurian Wales. Proceedings of the Shropshire Geological 

Society, 6, 3─4. The account of a lecture describing the ancient deep-water environment in central Wales. 
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Wales in early Silurian times was the site of a 

deep marine basin, in the order of 1 km deep, 

adjacent to an area of shallow seas, now the 

Welsh Borderland and English Midlands. During 

the late Silurian to Devonian, collision occurred 

between the microcontinent, "Avalonia", on 

which the Welsh basin was situated and a large 

plate, "Laurentia". To the north the sedimentary 

fill of the basin underwent compression. This 

resulted in the development of folds, cleavage and 

faults. 

In his doctoral research, the author had 

selected a 'slice' of basin fill which accumulated 

during a period lasting about 1 million years. This 

'slice' is presently discontinuously exposed over a 

distance of about 100 km in a NNE-SSW 

direction in Central Wales and is characterised by 

a single graptolite zone ─ the griestoniensis Zone. 

The first task in reconstructing the nature of 

the basin during the period of the chosen time 

slice was to work out the present day structure of 

the sequence and then "unravel" the folds and 

remove displacements on the faults. This done, it 

was then possible to describe and interpret lateral 

variation in features of the sediments. 

The basin fill consists dominantly of turbidites 

─ the deposits of turbulent sediment-water 

mixtures called turbidity currents which travel 

down slopes by virtue of their density exceeding 

that of water. As the slope decreases towards the 

basin floor these currents decelerate and deposit 

progressively finer grainsized material as the 

current loses its energy. This results in the 

deposition of graded beds which often show a 

characteristic vertical sequence of structures 

called a Bouma Sequence. Turbidity current 

heads are frequently strongly erosive and may 

create scours such as flute marks, and tool marks 

such as prods and grooves on the sea floor. These 

structures provide indicators of palaeocurrent 

directions which in the griestoniensis Zone 

system reveal dominantly NE and N directions. 

Modern turbidite systems (or 'fans') of about 

the same scale as the griestoniensis Zone system 

(over 100 km long) are all fed by actively 

prograding river deltas. A broadly analogous 

modern system would be the Magdalena deep-sea 

fan in the Caribbean. 

The griestoniensis Zone system was fed, 

almost certainly, by a delta system from a 

tectonically-uplifting land area in SW Wales and 

clast types in the basinal sedimentary sequence 

can be matched with Precambrian basement rocks 

currently exposed in SW Wales. Turbidity 

currents would have been initiated by failure, 

probably often seismically induced, or unstable 

accumulations of sediment on the southern shelf 

edge. 

Study of the distribution of 'biofacies', i.e. 

preserved remnants of the animal communities of 

the time, enabled inferences to be made about 

such parameters as dissolved oxygen contents in 

bottom waters, water turbulence and distance 

from nearshore and surface water nutrient 

sources. For the time slice in question five 

biofacies could be recognised along a shelf-to-

basin transect across the Midland Platform into 

the Welsh Basin. They comprise, from shallowest 

to deepest, four 'communities' of shelly benthos 

(bottom dwellers), the Eocoelia, Pentameroides, 

Costistricklandia and Clorinda communities, 

followed by a diverse trace fossil assemblage with 

no associated shelly fauna. 

This biofacies pattern could be interpreted in 

terms of a stratified water column model with a 

distribution of dissolved oxygen in the water 

column closely analogous to that in the modern 

Santa Cruz basin of the California continental 

borderland. In the basin, bottom water oxygen 



 R. SMITH  

 

 

Proceedings of the Shropshire Geological Society, 6, 3−4 4  1987 Shropshire Geological Society
 

levels were too low to support shelly benthos and 

at times excluded even soft-bodied animals. 

In conclusion the author considers this to have 

been a difficult exercise in integrating several 

different lines of research in order to reconstruct 

an ancient deep-water environment. 
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Wildlife and geology 
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TUCKER, J. (1987). Wildlife and geology. Proceedings of the Shropshire Geological Society, 6, 5. The account of 

a lecture describing in the context of Shropshire how a knowledge of botany and zoology and habitats of 

organisms enhances knowledge of geology and helps to clarify the nature of underlying bedrock when there are no 

exposures. 
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Certain plant species are indicative of the 

underlying bedrock of their habitat. Distribution 

maps from the 'Ecological Flora of Shropshire' 

show how the Bee orchid only grows on soils 

overlying limestones, corresponding closely to 

Wenlock Edge. Gentian showed the same 

distribution, as did Quaking Grass (locally called 

'totter grass') which also favoured agriculturally 

unimproved land. In comparison, Heath Grass 

occurred in patches on dry acid sands and acid 

areas in uplands. Mat grass occurred on upland 

areas and acid moorland and was a sure indicator 

of old rocks weathering slowly and thus 

corresponded to igneous and old rocks such as 

found on the Brown Clee. The Sundew plant 

favours acid soils and supplemented the lack of 

nutrients by catching and devouring small insects. 

Insects too are indicative of the underlying 

bedrock, as some are specialist feeders, i.e. 

monophagous, and live on only one or two plants. 

If these plants are only found in certain areas so 

too are the insects. Illustrating this point the 

author described a butterfly called the Large 

Heath which feeds on White Beak Sedge which 

occurs only on Whixall and Wem Mosses ─ 

mosses are meres which have become clogged up 

and filIed. 

Certain snails are indicative of limestone and 

thus birds whose main diet is snails make such 

areas their habitat. Snailbeach is supposedly 

named after snails which occur in great numbers 

on the limestone outcropping in that valley. 

Bats, which prefer cave-dwelling, are 

indicative of rocks which produce natural caves. 

Some recent work on a site at Hartlebury 

Common between- Kidderminster and Worcester 

on the River Severn Terraces involved research 

into the geology and flora and fauna of the region. 

There is evidence of a kettle hole where it is 

believed that a block of trapped ice slowly melted 

leaving a depression in the surrounding sandy 

soil; pollen samples in the vicinity can be carbon 

dated and give weight to this theory. 

An old quarry at Stoney Hill, at the top of 

Jiggers Bank north of Coalbrookdale, has been 

worked-out and left to nature. Several different 

species have colonised the area. Slides show the 

Fir Club moss which only occurs elsewhere in 

Shropshire at Titterstone Clee. On the south-

facing bank of Stoney Hill the soil is particularly 

acid having a pH as low as 2.6. Here Stagshorn 

Clubmoss is able to survive and only 12 other 

sites of suitable habitat are known in the UK. 

Botanists have also been delighted at the 

discovery of Alpine Clubmoss at Stoney Hill as it 

had been extinct in Shropshire for two centuries. 

Certain areas of this site have been colonised by 

the Spotted orchid and the Bee Orchid. 

It was interesting to note that from a naturalists 

point of view it was preferred to allow old mining 

and quarrying sites to be left for nature to 'deal 

with' rather than for them to be landscaped and 

grassed-over as nature tended to produce a rich 

and diverse flora and fauna. 
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JONES, J. & KRAUSE, J. (1987). Field Meeting Report: Wenlock Edge, led by Mike Bassett & Ruth Charnes 

13
th
 April 1986. Proceedings of the Shropshire Geological Society, 6, 6–10. The purpose of the field meeting was 

to visit exposures typical of the Silurian geology exposed along Wenlock Edge, with particular reference to the 

Wenlock Limestone fauna. 
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affiliation: Members of the Shropshire Geological Society 

 

 

GEOLOGICAL SETTING 

The leaders introduced the day by expressing their 

intention of showing the variations in fossil fauna 

within the Wenlock Limestone. The Wenlock 

Limestone is of middle Silurian age, dated at 

between 415 and 435 million years, parts of 

which are 90 feet thick. 

The Wenlock Limestone, a carbonate deposit, 

showed the presence of large unbedded masses, 

which Murchison called 'crog balls' – these were 

the fossil equivalent of modern reefs and were 

formed when the area was positioned south of the 

equator and covered by a warm shallow sea, 

equivalent to the modern Caribbean. This was not 

a barrier reef (which could be said of the Amestry 

Limestone ridge to the south), but was instead 

composed of patch reefs. 

The reefs along Wenlock Edge today yield the 

purest limestone and most have been quarried, 

leaving just the peripheries to view (Figure 1). 

The reefs are composed of corals, 

stromatoporoids, bound together by the remains 

of calcareous algae and also entrapping crinoids 

(echinoderms) brachiopods and trilobites. 

West of an area called Hilltop on Wenlock 

Edge the reefs disappear and only bedded 

limestone is evident (Figures 2 and 3). This 

indicates that deeper water covered this area and 

the sediments are quite different. 

Unfortunately, the most interesting quarry 

which had many features indicative of the 

variation to be found could not be visited as the 

owners had refused permission to enter, but 

several smaller locations would be looked at for 

comparisons. 

There were five main sections of the Wenlock 

Limestone: 

1. The reefs or 'crog balls' 

2. The 'Measures': regularly bedded limestone. 

3. 'Jack Soap': nodular limestone surrounded 

by shale, giving a slippery feel. 

4. Gingerbread: cemented gravel formed of 

broken stems of echinoderms which occurred all 

along Wenlock Edge into the non-reef area, 

becoming gradually more fine grained. 

5. Blue Stones. 

ITINERARY 

The first location was a disused quarry a few 

yards to the north of the National Trust Car Park, 

where green deposits of calcareous algae were 

pointed out and an upper layer of 'Gingerbread' 

type limestone. 

The second location was at the top of Steetley 

Shadwell Rock Quarry. Blocks by the entrance 

gate were of the gingerbread facies and included 

stromatoporoids in which the typical layered 

structures were identified. Stromatoporoids grow 

differently to corals. Stromatoporoids start from a 

connection point to a hard surface and grow into a 

dome shape, a new generation then forms on top 

of this and the first layer's living parts die, 

whereas corals contain living tissue from the base 

to the top. 

The top surface of the quarry edge was of 

Lower Ludlow age and picking up individual 

brachiopod fossils was similar to finding shells on 

a modern beach; specimens of trilobite, 
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stromatoporoids, gastropods, and bryozoans were 

also found. 

The third location was Coates Quarry. Dr 

Charnes went in and collected splendid specimens 

of Rugosan coral, a colonial species, a tabulate 

coral and a stromatoporoid. It was explained that 

Palaeozoic corals were able to attach to a hard 

surface and then grow out over soft muds, 

whereas modern corals must be fully supported. 

The quarry face showed a band of volcanic 

ash, now mud called bentonite, which is quite soft 

and apparently uncompacted. This makes 

problems for quarrymen as the upper strata tend 

to slide on this weak layer. 

There was evidence of reefs and regular beds 

of limestone not containing shale bands; these are 

the 'Measures'. 

The last location of the morning before 

adjourning for lunch was to stand on Hilltop, the 

largest reef of Wenlock Edge which occupies 

almost the total thickness of Wenlock Limestone 

and is the reef found furthest to the west. The 

leaders pointed out the prominent features on the 

skyline (such as the Precambrian Wrekin) and 

below the sharp drop of the scarp slope of 

Wenlock Edge into Ape Dale. 

The afternoon session of the field trip 

continued the journey south westwards towards 

the Onny Gap. There were four stops along the 

line of Wenlock Edge and a fifth at the "classic 

site" at Millichope. The first stop after lunch was 

near Wenlock Edge School where the Much 

Wenlock to Church Stretton road (B4371) begins 

its diagonal descent of the scarp. The contrast 

with the rocks exposed at Ippikins Rock and 

further north-east, was very marked indeed. Gone 

were the reefs, clearly indicating the change in 

environment. The rocks were an even bedded – 

almost flaggy – nodular, crystalline limestone. 

The exposure was quite limited in extent but the 

bedding could be seen running clearly through the 

entire length. 

Stop 2 was on the road from Longville to 

Corvedale. The location was south-west of 

Wilderhope Manor Youth Hostel in the side of the 

road, where it begins its steep climb up the Edge. 

The nodular nature of the limestone was still 

visible with some chert developments. 

Stop 3 was the famous stream bed site of 

Millichope. Over-collecting in the last 20 years or 

so has caused the land owner to control access. 

Please obtain permission before attempting to 

visit this site. The site suffers from the problem of 

over-use in that once clearly-defined and 

extensive stream sections have now been 

degraded such that they have been replaced by 

unstable and incomplete sections under 

overhanging vegetation. The exposures are not in 

the Wenlock Series, but in the Elton Beds of the 

Ludlow Series. They are olive green flaggy 

siltstones with many brachiopods such as 

Leptaena but, more importantly, the trilobite 

Dalmanites. On the day the party did quite well, 

finding fragments of trilobite. One of the 

characteristic features of the site is the way the 

remains break up on death or after the trilobite has 

'moulded' (Ecdysis). Only the very lucky collector 

found the entire remains with well preserved 

compound eyes. 

Stop 4 was back on the Wenlock Series on the 

line of Wenlock Edge: another roadside cutting at 

Roman Bank on the road between Rushbury and 

Millichope. The exposure was of roughly bedded 

nodular and finely crystalline argillaceous 

limestone. There were thin siltstone beds and, 

near the top, a development of chert. A dip of 

about 10 degrees to the south-east was visible in 

the cutting. 

And so to the last stop of the day. If you have 

faith in the British weather then April showers 

mean just that. By the time we reached the last 

stop only the hardy remained. The Mancunians, 

having travelled to Shropshire and wanting to get 

the maximum, lasted best. However, the sun 

shone on the righteous. This last stop was a 

relatively overgrown quarry on the Edge on the 

road between Ticklerton and Westhope; again the 

relatively fine layering including the nodular 

limestone. Much better was the view back up 

Wenlock Edge from Wolverton Wood. An 

excellent end to a demanding, but very enjoyable 

day. 
 

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 along Wenlock Edge. It should not be used for 

any other purpose or construed as permission or an 

invitation to visit the sites or localities mentioned. 

 

 

 

 



 J. JONES & J. KRAUSE  

 

 

Proceedings of the Shropshire Geological Society, 6, 6−10 8  1987 Shropshire Geological Society
 

 
 

Figure 1: Locality map and reef distribution. 
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Figure 2: Distribution of lithofacies in the Wenlock Limestone and Lower Elton Beds between Rushbury and Easthope. 
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Figure 3: Distribution of lithofacies in the Wenlock Limestone and Lower EIton Beds between Easthope and Much Wenlock. Key 

the same as for Figure 2. 
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DOLAMORE, L. (1987). Field Meeting Report: Carrock Fell, led by Tom Shipp 17
th
 May 1986. Proceedings of 

the Shropshire Geological Society, 6, 11–15. The purpose of the field meeting was to visit exposures yielding 

evidence of the mineralisation around Carrock Fell and the Ordovician host rocks intruded by the Silurian 

Skiddaw Granite. 
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INTRODUCTION 

The party met at Carrock Fell Mine, a disused 

tungsten ore set of workings [NY 323 328], which 

is approached off the A66 Penrith to Keswick 

road, via Mungrisdale, Mosedale and Swinside. 

The mine has been in production periodically 

since the First World War, output being regulated 

by the market price for tungsten, and is at present 

closed. The mine is located in the glacially 

modified Mosedale valley at the confluence of the 

River Caldew with Grainsgill. 

GEOLOGICAL SETTING 

Immediately to the north of the mine are the 

gabbroic rocks of the Carrock Fell complex 

emplaced in Lower Ordovician mudstones of the 

Skiddaw Group and volcanic rocks of the Eycott 

Group. To the south is the Skiddaw granite 

pluton, emplaced in late Silurian or early 

Devonian times with an assigned radiometric date 

of between 388 and 396 Ma. 

In the vicinity of Grainsgill, later alteration of 

the still hot granite by saline solutions has led to 

the development of greisen (rock rich in quartz 

and mica, produced by pneumatolysis of granite 

by fluorine-rich vapours). Temperatures of 240 to 

290 degrees Celsius at 800 bars have been 

estimated for this phase. 

The metamorphic aureole, resulting from the 

granite pluton at this temperature and pressure, 

has changed the country rock, Ordovician 

mudstones, into a hornfels which is fine-grained 

and shows no structure. The extent of the hornfels 

is shown on the map of the mine (Figure 1). 

The mineral veins emplaced are of several 

types and ages, viz.: 

1. A group of north-south trending quartz 

veins, closely associated with the greisen 

development (Emerson, Harding and Smith veins) 

Fluid inclusion studies suggest that the 

mineralising media were a mixture of magmatic 

NaCl brine and meteoric waters, occasionally 

charged with carbon dioxide, convected by 

residual heat escaping from the granite pluton. 

The mineral assemblages in these north-south 

trending veins of quartz include apatite, feldspar, 

pyrite, wolframite, scheelite, pyrrhotite and 

arsenopyrite. The date of the greisenisation and 

first mineralisation has been put at 381 to 389 Ma, 

i.e. early Devonian. 

 

2. A group of east-west trending fissures 

containing carbonates and minor amounts of the 

sulphides of copper, iron, lead and zinc. These are 

younger than the north-south trending veins and 

are possibly of early Carboniferous age. 

Interaction between the two sets of mineralisation 

have produced a variety of unusual and rare 

oxysalts of heavy metals. 

 

3. Recently, antimony mineralisation has been 

exposed in Wet Swine Gill, about 1.5 km south-

west of the Carrock Mine, and also in a small vein 

parallel to the Harding vein close to the River 

Caldew. 

It is suggested that early Devonian antimony 

minerals were remobilised by early Carboniferous 

lead-bearing fluids and recrystallised in these 

quartz veins. 

 

 

Due to past mining operations, obtaining mineral 

samples from the veins is no longer practical, but 
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with patience the extensive spoil heaps, 

representing work at several periods since early 

this century, can yield examples of at least the 

more common minerals. Those ores not required 

for economic reasons are most easily unearthed, 

amongst them is the mica mineral gilbertite, also 

good examples of rock quartz crystals. 

The list of metallic and non-metallic minerals 

briefly describes their appearance and properties 

(Table 1). [Note: The hardness of the minerals is 

given on Mohs' scale. For practical purposes a 

geological hammer head or knife blade is about 

5.5 on Mohs' scale, a 'copper' coin about 3.5 and 

a finger-nail about 2.5. A harder mineral will 

scratch a softer one unless it is very brittle.] 

ITINERARY 

The party collected samples from around the spoil 

heaps and collapsed mine workings in the 

Grainsgill area (Figure 2), then moved up the 

Brandy Gill looking at the remains of further 

mining activities until the cross veins were 

reached, where collecting was again possible. 

With the weather deteriorating rapidly, the party 

returned to the cars for a lunch-break. By this time 

it appeared that the rain has set in for the day, but 

after an hour or so of strong winds and lashing 

rain the sun reappeared. 

Before setting off for Wet Swine Gill, a little 

time was spent looking at the remains of the ore 

crushing and separating plant in the old mine 

sheds. Although somewhat vandalised, it was 

possible to follow the relatively up-to-date 

crushing, separating and ore concentrating 

process by examining the machinery which still 

remained. 

On the way up to Wet Swine Gill a small 

exposure, reputed to contain the mineral 

jamesonite, was examined but revealed little. 

Jamesonite is a lead-iron-antimony sulphide 

(Pb4FeSb6S14) having a feathery or needle-like 

appearance.  It is monoclinic in structure and 

cleaves in one direction; hardness 2.5 and s.g. 

5.67. 

The vein in Wet Swine Gill provided some 

reasonable samples of the antimony mineral 

stibnite (Sb2S3), having orthorhombic needle-like 

metallic grey crystals of hardness 2.0, s.g. 4.63. 

Also present was the secondary mineral 

bindheimite, a lead-antimony oxide, (Pb2Sb2O6), 

which is yellow in colour. 

In the whole Carrock Fell complex it is said 

that more than fifty different minerals have been 

identified. However, it would take considerably 

longer than a one-day exercise to collect even a 

quarter of this number. 
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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 geology 

exposed around Carrock Fell. 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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Table 1 
  Galena, PbS Blue-grey, cubic cleavage; hardness 2.5; 

Pyrite, FeS2 
heavy 
Pale brassy-yellow; hardness 6-6.5 

Chalcopyrite, CuFeS2 Brassy yellow; hardness 3.5-4 
Pyrrhotite, Fe7S8 Bronze tarnish; magnetic: hardness 4 
Arsenopyrite, FeAsS Tin-white, often tarnished black; garlic 

Sphalerite, ZnS 
odour when hammered, hardness 5.5-6 
Usually the dark ferrous variety, Fe sub 

Molybdenite, MoS2 

substituting for some of the Zn; glistening 
black sub-metallic to resinous lustre; pale 
streak; hardness 3.5-4 

Steel-blue flakes; soft and flexible; hardness 

 1-1.5 
Wolfram, (Fe,Mn)WO4 Coal-black sub-metallic lustre; tabular; 

Bismuth, Bi 
heavy; hardness 5 
Granular; silvery, with characteristic 

Bismuthinite, Bi2S3 
reddish tint; brittle; hardness 2-2.5 
Steel-grey, acicular crystals; fragile; yellow 

Joseite, Bi4TeS2 

tarnish; hardness 2 
(Formerly identified as Tetradymite). 

 Brilliant silvery white, with perfect 
cleavage; hardness 1.5-2 

 

The bismuth minerals are generally rare. 
 

Non-metallic minerals are also numerous but often less easy to pick out. The following may be looked for: 
  
Quartz, SiO2 Generally milky-white and abundant, but 

Calcite, CaCO3 

good small hexagonal crystals should be 
looked for; hardness 7 
Also milky-white and crystalline; hardness 

Dolomite, (Ca,Mg)(CO3)2 

3; it cleaves into rhombs and fizzes with 
acid 
Usually pinkish-cream in colour; satiny 

Ankerite, 2CaCO3.MgCO3. 
lustre; hardness 3.5-4 
Largely fills the 'ankerite veins', weathering 

FeCO3 dull brown to produce umber; hardness 3.5 
Apatite, Ca5F(PO 4)3 Usually in pale green hexagonal prisms on 

Fluorite, CaF2 
quartz; hardness 5 
Small amounts in quartz; generally purple 

Scheelite, CaWO4 
colour; hardness 4 
Creamy brown, sometimes showing tetra 

Gilbertite 

hedral faces; associated with wolfram; gives 
violet fluorescence with ultraviolet lamp in 
the dark; hardness 4.5-5 
A white, hydrous mica found as glistening 

 crystals usually along the selvedges of 
quartz veins in greisen; hardness 2-2.5 
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Figure 1: Locality map. 
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Figure 2: Composite geological map of the Carrock Mine area, showing underground workings (accessible) and simplified surface 

solid geology. Vein width and grade data after Willson, 1943. 
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INTRODUCTION 

The party met in early morning rain, which 

drizzled until our arrival independently at the 

village of Coniston, but this was soon blown 

away by the strong south-westerly breeze which 

persisted all day and kept the temperature on the 

low side. 

Walking north-westwards and upwards, the 

group followed the general lie of the route shown 

on the locality map and realted figures (Figures 1 

to 5). 

ITINERARY 

The start was over Lower Coldwell Beds and 

Brathay Flags of Wenlock age in the Silurian, as 

far as the softer Stockdale Shales (Llandovery) 

where there were a few brachiopods to be found 

in a small exposure. Crossing the Mealy Gill on 

stepping stones, still in the shales, then an abrupt 

change of slope on to the relatively thin Coniston 

Limestone within a few yards. 

The Coniston Limestone is a coarse, sandy, 

resistant rock of Caradocian age, steeply dipping 

to the south-east. The average thickness of the 

formation in the area is about 75 feet and it 

extends right across the region from Millom in the 

south-west to Shap in the north-east. It is an 

important indicator, or marker horizon, dividing 

the volcanics from the weak Silurian mudstones 

and siltstones. A few fossils, mainly brachiopods 

and bryozoans, were collected and in places were 

found examples of differential weathering, where 

the impure limestone was hollowed out in 

hemispherical pits about the size of a teacup. 

Above the limestone is the older Borrowdale 

Volcanic Group, and the rest of the day was spent 

studying these; starting at point 4 on the locality 

map. Initially the volcanics are called the 

Yewdale Breccia, these are coarse green tuffs, 

probably ignimbrites, with pink rhyolitic and dark 

variolitic fragments, showing little signs of 

bedding. Having climbed over the shoulder of 

Foul Scrow we stopped for lunch, looking across 

at the mist-covered head of The Old Man of 

Coniston. 

We were soon on the move again, downhill 

this time, to Church Beck with its narrow gorge 

and spectacular falls above and below the miners 

bridge. The tuffs from now on were bedded and 

showed a great variety of structural and 

sedimentary features. Coppermine Valley is a 

typically glaciated valley with roche moutonnée, 

ice polished surfaces and glacial striae. 

By locality 10 we left the main itinerary to 

follow the line of the "Bonzer" vein. The area is 

heavily mineralised and three or four large veins 

have been mined from early times up until the last 

war, mainly for copper. Waterpower from three 

becks was in abundance and the relics of a 

number of waterwheels, leets and inclines remain 

to delight those interesting in the industrial 

archaeology of the region. 

Time ran out for us just below the Kennel Crag 

and we made our way back into Coniston 

following the Church Beck. 
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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 geology 

exposed around Coniston. It should not be used for any 

other purpose or construed as permission or an 

invitation to visit the sites or localities mentioned. 

 

 

 

 

 

 

 
Figure 1: Generalised cross-sections to illustrate the building of the Lake District. (a) Deposition of Skiddaw G: folding and 

erosion; deposition of Eycott and Borrowdale Volcanic Groups. (b) Folding and erosion; deposition of Coniston Limestone Group 

and Silurian Rocks. (c) Severe folding and great erosion; intrusion of plutonic igneous rocks; deposition of Carboniferous rocks. (d) 

Gentle folding and considerable erosion; deposition of Permian and Triassic rocks. (e) Gentle uplift, producing an elongated dome 

and resulting in radial drainage; erosion to present form. (Adapted from British Regional Geology: Northern England. Figure 1; by 

permission of the Director of the Institute of Geological Sciences). 
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Figure 2: Locality map for itinerary north of Coniston. 
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Figure 3: Geological map for the area immediately west of Coniston. 
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Figure 4: Geological succession for the southern part of the Lake District. 
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Figure 5: The geological succession in the Lake District. Geological periods unrepresented in the region are shown in small 

capitals. Time is shown in millions of years (Ma) before present. 
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INTRODUCTION 

The weather was overcast and still, with mist just 

shrouding the mountain tops as we arrived at 

Ogwen Cottage, found parking places and 

assembled at the appointed hour. The party of 

twenty-five, not all of whom, for reasons of age or 

incapacity, made the whole morning circuit, 

started off up through a deep cleft into the Cwm 

Idwal cirque. Explanatory notes are contained 

within Figures 1 to 7. 

GEOLOGICAL SETTING 

Cwm Idwal is possibly the best example of a 

cirque in the British Isles but its size and depth, if 

considered in the context of Alpine glaciation, is 

an anomaly. It is surrounded by smaller cirques at 

higher levels which fed ice into it but, in addition, 

much larger quantities of ice came over its 

headwall with sufficient energy to quarry 

enormous volumes of rock and transport 

everything on to join the main outlet glacier from 

the Ogwen valley, thence on down the Nant 

Francon. 

The volcanic tuffs, which form the bedrock, 

are very resistant but the ice exploited the 

weaknesses of the jointing, created 400 million 

years ago when the Caledonian orogeny folded 

this area. The Snowdon syncline, whose axis cuts 

through the centre of Cwm Idwal, can be seen 

clearly in the headwall strata above Twll Du, the 

"Devil's Kitchen" rockfall. The glacial erosion, in 

quantity and direction, was controlled by the 

jointing in the slabs, inclined 55 to 60 degrees into 

the cirque. As the ice moved past, the cliffs 

forming the sides of the cirque, the high pressure 

and abrasion below the glacier, undermined the 

slabs which then slid or toppled onto the surface 

and the debris was transported away. The 

destabilisation caused by the undermining 

remained after the ice had disappeared and 

subsequent rockfalls occurred, now in situ. 

The high degree of erosion in Cwm Idwal 

cannot be ascribed solely to its own glacial ice, or 

that of the small surrounding cirques. The far 

greater volume, with its attendant erosion forces, 

came from the outlet glacier from the ice cap 

above. It is probable that, had the glaciation 

continued for a longer period, the head of Cwm 

Idwal would have retreated to join Llanberis and 

the diffluent trough so formed breached the 

Glyder ridge. However, the present interstadial 

intervened and the processes changed, providing 

the landscape we see today. 

ITINERARY 

Circuit of Cwm Idwal. The first stop, after a 

brief pause to look at the bedrock of flecked 

rhyolitic tuffs and an exposure of till (boulder 

clay), was at Pen y Benglog, a point on M1 

(Figure 6) overlooking the Ogwen Step with a 

splendid view down Nant Francon to Anglesey in 

the distance. 

Behind us was the Cwm, surrounded by five 

peaks: Pen yr Ole Wen, Tryfan, Glyder Fach, 

Glyder Fawr and Y Garn, also the overhanging 

cirques of Cwm Clyd and Cwm Cneifion. We 

could see the rockfall of Twll Du and also the 

synclinal fold in the headwall. Standing on a 

smoothed and striated "roche moutonee" on the 

Ogwen Step, it was not difficult to pick out the 

joint direction towards Llyn Ogwen and the striae 

pointing down Nant Francon. 
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The next stop was at the small stream between 

M1 and M7 where about two metres of sediments 

are visible. At stream-bed level the bottom layer is 

of very stiff grey unsorted till, next a sorted fluvial 

layer, on up into a peat bed with roots of alder and 

birch preserved in it, radio carbon-dated at 4000 

years, then the top layer of head and grass. The 

vegetation in the Cwm is heavily grazed grass 

with a few areas inaccessible to sheep where 

gorse, heathers and other small plants have a 

foothold. 

The third stop was on the top of moraine M6, 

subject to argument as to whether it is a lateral 

moraine, a terminal moraine or protalus rampart 

(snowpatch dump), but study of the boulder 

content shows it to have some Pitt's Head Tuff 

which could only have come from Cwm Cneifion, 

indicating it to be a late terminal moraine. 

Evidence from Llyn Idwal and its adjacent 

peat bogs shows that the last main glaciation 

commenced around 26,000 years ago, reached a 

maximum at 18,000 years, was free of ice around 

12,500 years ago, and suffered a readvance of the 

glacial conditions between 10,700 and 10,000 

years ago, but after that has been ice free. The 

circuit of the Llyn was made with stops to look at 

examples of the various deposits illustrating the 

glacial processes, the rock types found in the area, 

and the geological structure. 

The Cwm Idwal circuit took about two and a 

half hours after which we returned to the car parks 

for lunch, setting off again by cars this time in the 

direction of the coast. We had a short stop in a 

lay-by on the A5 to look at the features in the 

Nant Francon Valley. In the valley itself the flat 

bottom gave the clue to the existence of possibly 

two post glacial lakes with fans. The valley sides 

are both equally steep, that facing north-east 

having less insolation and more accumulation of 

wind-blown snow, thus developing a series of 

cirques. The cirque of Cwm Perfedd showed very 

well in its west wall the erosion controlled by the 

structure of huge undercut slabs of bedded 

waterlain tuffs. 

On the opposite side (i.e.. south-west face) of 

the Nant Francon valley, between Pen y Benglog 

and Ty Gwyn, there is a protalus rampart which is 

still very unstable, having had two fairly recent 

rock slides which cut the A5. 

Off then in the direction of Bangor, taking the 

A487 through Caernarfon and the A499 turning 

right to Dinas Dinlle on the coast. Here is a 

feature marked on the map as a castle, but is an 

isolated lump of till. The seaward side forms an 

unstable cliff of a mixture of boulder clay, gravels 

and sand (see Figure 8). 

During de-glaciation the Irish Sea Ice Sheet 

and the Welsh Ice were moving in opposing 

directions, with the Irish Ice trying to push 

towards the south-east, but coming up against the 

mountain barrier of what is now the Lleyn 

Peninsular. In the varying climatic environment 

affecting the rates of movement of the ice, the two 

jockeyed for position, dumping large quantities of 

till. This till was generally all outwash material, 

thus horizontally bedded, with the Irish Sea till at 

the bottom of the observable section. The various 

structures and "faults" which appear in the cliff 

face show how the material was bulldozed by the 

varying pressure and movement of the ice. 
 

 

Judging by the number of people, the Cwm seems to be a 

popular site for walkers, climbers, parties like ourselves 

and family groups out for a picnic. It is strongly 

recommended that anyone visiting this very scenic part 

of the Snowdon National Park obtains a copy of Dr 

Addison's booklet "The Ice Age in Cwm Idwal" which 

members of the Society can purchase at £1.50, or £2.50 

from the snack-bar at Ogwen Cottage. This report is a 

pale substitute for the booklet which is far more detailed 

and wider ranging, full of maps, diagrams and 

references, some of which are reproduced with Dr 

Addison's kind permission in following pages. 

 

 

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 around Cwm Idwal. 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: Regional Glaciation of Snowdonia. Key to legend: 1, Cirques; 2, major transfluent ice breach; 3, other transfluent or 

diffluent ice breach; 4, radial iceflow directions from striae and till palaeocurrents; 5, basal/subsidiary ice contraflow; 6, lake; 7, 

drumlin; 8, thick glacigenic sediments; 9, ice sheet zone boundaries; 10, southeastern limit of Irish Sea Ice erratics. 
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Figure 2: Principal glacier types. (a) general configuration associated with polar ice sheets; Zones 1-4 refer to areas shown in 

Figures 1 & 2. insets show [b] alpine, mountain glaciation and [c] ice-shelf. 

 

 
Figure 3: Principal features of Ice Sheet Glaciation. Zones refer to similar areas in Figures 1 & 3. Stratigraphic Units: 1, bedrock; 2, 

glaciofluvial materials; 3, till; 4, ice. 
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Figure 4: Biostratigraphy of lake sediments [simplified]. 1, Sphagnum peat; 2, wood peat ["carr"]; 3, coarse detrital mud; 4, fine 

detrital mud; 5, rhythmite/ lacustrine clay; 6, sand & gravel; 7, coarse gravel; 8, bedrock; 9, radiocarbon date; 10, other, 

approximate date. Lines between columns link units of similar age. Broken lines show telescoping in sequence for convenience; 

depths in metres below datum. 
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Figure 5: Reconstruction of glacial conditions in Nant Ffrancon & north Glyderau showing probable appearance of glaciers at [a, 

top] ca. 18,000 BP and the Merioneth Ice Cap maximum, and at [b] ca. 13,000 after its decay and replacement with local cirque 

and valley glaciers. 
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Figure 6: 1, glacially excavated rockwalls; 2, degraded rockwalls and scree; 3, debris cone; 4, rockfall; 5, moraine ridge; 6, other 

till; 7, lake; 8, infilled lake; 9, main footpaths; 10, contours (100 m intervals). 
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Figure 7: Bedrock Geology. Crest of glacially excavated rockwalls shown by solid lines: lakes stippled. 

 

 
Figure 8: Irish Sea and Welsh Ice deposits at Dinas Dinlle [simplified section] 1, Irish Sea Ice till; 2, Welsh Ice till; 3, sands and 

sandy silts; 4, coarse sands and gravels; 5, recent & modern soils, etc.. 
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INTRODUCTION 

The day was cool, dry and misty when we 

assembled in the car park at the Heritage Centre 

in Soudley, preparing to follow the Geological 

Trail (illustrated in Figures 1 to 3). 

The Forest of Dean is bounded by the rivers 

Wye in the west and Severn in the east, it includes 

the towns of Ruardean and Mitcheldean in the 

north and Lydney in the south. 

GEOLOGICAL SETTING 

The Forest of Dean follows the extent of a 

synclinal basin which has determined the 

succession and structure of the area. During the 

Devonian and through to the end of the 

Carboniferous, the basin was a continental shelf 

sea with St Georges Land to the north. Sediments 

from St Georges Land were being washed down 

by the south-flowing rivers into the basin 400 to 

300 million years ago, whilst the beginnings of 

the Variscan (Hercynian) tectonic episode was 

causing periodic and frequent changes in the level 

of the shelf seas. 

Devonian Brownstones are the oldest rocks 

exposed in the Trail area, although there are older 

Devonian and Silurian rocks in the north-east 

corner of the Forest. The Brownstones are 

micaceous, and sometimes calcareous, sandstones 

with cyclothems of mudstones, conglomerates 

and sandstones. The conglomerates contain 

mainly locally derived quarts-vein pebbles, with 

some jasper and igneous material, all set in a 

sandy siliceous cement matrix. 

The Tintern Sandstone Group comprise 

sandstones and mudstones in cyclothems and are 

similar in origin to the Brownstones. The non-

sequence illustrates a possible short period of 

recession of the sea with little or no erosion taking 

place. Conditions then became suitable for 

limestone deposition as the Carboniferous Period 

developed. The Lower Limestone Shale is usually 

fine-grained and dolomitised, and in some places 

may be oolitic and crinoidal. 

The Lower Dolomite is a massive fine-grained 

dolomitic limestone with poorly preserved fossil 

brachiopods and crinoids. Crease Limestone in 

the south of the Forest is either oolitic or 

crinoidal, elsewhere it is altered to coarsely 

crystalline granular dolomite. The dolomitisation 

is thought to be of secondary origin, associated 

with the iron mineralisation. 

Whitehead Limestone is a fine-grained 

dolomitic limestone with some shale bands. It 

contains fossil algal colonies, thought to have 

formed in very shallow marine conditions after a 

period of non-deposition. 

The Drybrook Sandstone is mainly sandstone 

with some shales and conglomerates, the 

sandstone containing rounded wind-eroded grains 

and cyclothems, suggesting land deposition by 

meandering rivers. 

All these Lower Carboniferous sediments 

indicate frequent variation in sea level and the 

proximity of a land area to the north. 

The non-sequence, following up the 

succession, again indicates a period of up-lift of 

the land area, or a drop in sea level, with little 

erosion occurring. 

The Coal Measures are present in both lower 

and upper groups. The Lower Group is 
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represented by the Edgehills Sandstone which is a 

coarse sandstone with conglomerates and one thin 

coal seam, but there is no Millstone Grit. 

The Trenchard Group of Upper Coal Measures 

rests unconformably on both the Carboniferous 

Limestone and the Devonian. It consists of 

sandstones, shales and conglomerate, with one or 

two coal seams. 

The Pennant Group, of massive sandstones 

and some shales, contains the most important coal 

in the area, the Coleford High Delf seam, at its 

base. 

The Supra-Pennant Group consists of shales, 

mudstones and thin coals in its lower division, the 

Upper division having only sandstones and 

shales. 

The main Variscan orogenic movements 

occurred after the Coal Measures deposition and, 

although there are no Triassic or Jurassic rocks in 

the Forest, they occur nearby and must have been 

deposited all over the Carboniferous sequence, 

but now stripped off by subsequent events. 

IRON MINERALISATION 

The mineralisation of the limestone in the Forest 

is Neptunean in origin, the deposition taking place 

from descending solutions, via joints and bedding 

planes, by metasomatic replacement of the calcite 

in the limestone. The iron minerals were able to 

penetrate due to the dolomitisation which 

increases the porosity of the limestone. 

The source of the iron minerals is a problem 

yet to be solved. 

The iron-bearing ores have a mineralogy 

comprising a mixture of oxides of iron such as 

goethite (FeO.OH), hydrohematite (Fe2O3.2H2O), 

hematite (Fe2O3), and other hydrated oxides under 

the all-embracing title of 'limonite'. 

The deposits occur mainly in the Crease 

Limestone as large orebodies or irregular masses 

up to 100 metres long by 10 metres in thickness, 

usually extending down dip, and connected by 

veins called 'leaders'. Orebodies near the surface 

were excavated in open pits, known locally as 

'scowles'. Iron working goes back to the time of 

the Romans or even further, the smelting was by 

charcoal. 

Underground mining for both iron and coal 

was not developed until the seventeenth century, 

when steam power for hauling and pumping 

became available. The tradition of 'Free Mining' 

goes back to mediaeval times when certain rights 

and freedoms were claimed from the Crown. To 

be a Free Miner requires certain rigid 

qualifications and they are very jealous of their 

privileges. The last large-scale mine closed in 

1965, but there are a number of small adit mines 

still being operated intermittently, and recently 

there has been some open-cast working. 

PUBLISHED GEOLOGICAL TRAIL 

In 1981 the Nature Conservancy Council 

published a 24-page booklet, by Andrew 

Mathieson of Bristol City Museum, describing a 

teaching trail of twelve locations. Due to growth, 

weather, wear and tear, and so on, three of the 

locations have become inaccessible. We visited 

locations 1 to 9 but continued to walk the trail 

through the Forest to location 10, then returned on 

foot by road to the Heritage Centre in Soudley. 

ITINERARY 

LOCALITY 1: Railway cutting [SO 654 104] 

Starting at the Heritage Centre we took the B4227 

road into Soudley towards Ruspidge. After about 

half a mile, on the right, is the well-defined track 

of a disused railway. At about 30 metres from the 

road, a steep-sided cutting shows: 

 

a. Brownstones with cross-bedding, 

mudstones with suncracks occurring 

together in cyclothems. About 20 metres 

thickness exposed. 

 

b. Quartz Conglomerate – about 4 metres 

thickness, locally derived pebbles plus 

some from further away. 

 

c. Tintern Sandstones with cyclothems, cross-

bedding and ripple marks. 

 

The non-sequence between a. and b. provides 

evidence for the changing sea level up and down 

the shore of the Old Red Sandstone Continent. 

LOCALITY 2: Upper Soudley Sand Pit [SO 

653 107] 

Upper Soudley Sand Pit is a small quarry in 

Tintern Sandstone, the top 8 metres of the 

Devonian succession. Cross-bedding is evident, 
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solifluxion has overturned the top layers of 

bedding. The sand is very micaceous and well-

coloured. 

LOCALITY 3: Blue Rock Quarry [SO 653 

108] 

Blue Rock Quarry yielded limestone at the turn of 

the century; small kiln ruins are at the base. 

Lower Limestone Shales (base of 

Carboniferous) are exposed at the top of the 

quarry with alternating fine-grained limestone and 

calcareous mudstone with brachiopods, crinoid 

ossicles and wormcast fossils. The curious 

cavities on the high wall appear to be due to 

small-scale blasting. 

LOCALITY 4: Brinchcombe Tunnel, North 

Entrance [SO 653 109] 

Lower Dolomite is exposed with the bedding and 

jointing well-developed but easily confused. 

Traces of cross-bedding on the vertical faces. 

Dolomitisation is the conversion of calcium 

carbonate to calcium magnesium carbonate by 

hypersaline marine conditions, such as may occur 

at the base of reefs. Up to 15 per cent of the 

calcium may be substituted. 

LOCALITY 5: Perseverance Iron Mine [SO 

652 113] 

All that can now be seen of the mine is the 

concrete capping to one of the shafts. Iron ore 

from the Crease Limestone was extracted by deep 

mining to about 400 feet. Some 370,000 tons of 

ore was obtained. Closed 1899. 

LOCALITY 6: Perseverance Road Cutting 

[SO 652 112] 

The Perseverance Road Cutting exposure is at the 

left side, probably in the top of the Lower 

Dolomite, overlain by Crease Limestone, a coarse 

and granular dolomite containing hematite and 

limonite and about 10 metres thick. Then 14 

metres of Whitehead Limestone, a shallow water 

deposit having brachiopods and crinoids also, but 

very difficult to see, fossil algal structures. 

LOCALITY 7: Staple Edge Sandstone 

Quarries [SO 651 111] 

The Staple Edge Sandstone Quarries are two 

disused quarries where building sand was 

extracted. The exposures are in massive Drybrook 

Sandstone with cyclothems of shales and 

conglomerates. Some fossils, including 

brachiopods and gastropods were seen. Evidence 

of fluvial deposition, channelling, washouts, 

ripple marks and wind-eroded sand grains were 

all present. 

LOCALITY 8: Mr Warren's Gale (Free 

Mine) [SO 649 109] 

This is an adit in the Coleford High Delf seam 

which outcropped here. The mine was not in 

operation. The adit follows the dip of the seam 

some way before being worked more easily along 

the strike. 

LOCALITY 9: Chimney Scowles [SO 651 

105] 

Chimney Scowles is a disused ironworking, so 

called for the eighteenth century stone-built 

chimney, used for inducing ventilation in the 

deeper parts of the mine. We were able to enter 

the workings for a short distance to follow the 

'leader' and get an idea of the ways in which the 

ore was emplaced. The country rock is the 

dolomitised Crease Limestone. 
 

 

In 1981 the Nature Conservancy Council published a 24-

page booklet, by Andrew Mathieson of Bristol City 

Museum, describing a teaching trail of twelve locations. 

The maps and tables which follow are reproduced 

from the Trail Guide Book, a copy of which is held in the 

Society Library. 

Prior permission to visit the Trail is required from 

the Forestry Commission; details may be obtained at the 

National Conservancy Council Office at Attingham Park. 

 

 

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 within the Forest of Dean. 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: The geological succession within the Forest of Dean. 
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Figure 2: Simplified geological map of the Forest of Dean. 
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Figure 3: Map showing the location and route of the Geological Trail. 
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Using slides, the geophysical aspects of the 

modern theory of plate tectonics was introduced. 

First the speaker looked at Seasat satellite pictures 

which showed deviations in the heights of sea 

level over the earth. A further slide, a derivative 

of the first, displayed gravity anomalies which 

emphasised the very strong anomalies at 

subduction zones. Maps of earthquake and 

volcano occurrences, topography of the sea bed 

and bathymetry correlate to pinpoint the positions 

of subduction zones, mid-oceanic ridges and 

transform faults. 

With the aid of diagrams showing sections 

through a typical subduction zone, the speaker 

was able to show how and where earthquake foci 

and volcanoes occur and how gravity anomalies 

are related to rock density and upthrust of one 

plate over another. He also explained briefly how 

island arcs are created on the 'uplift' side of a 

subduction zone, often many kilometres away 

from the associated trench. 

He examined the Aleutian Islands, the 

Marianas and the Lesser Antilles in the eastern 

Caribbean, in some depth to show how 

accretionary complexes associated with these arcs 

have come into being. The Lesser Antilles in the 

eastern Caribbean was chosen as an illustration of 

one explanation of this phenomenon. This island 

arc has been active since the Palaeocene. Large 

amounts of sediment swept down from the South 

American continent by the Orinoco River in the 

Pliocene and Pleistocene have been laid down in 

front of the island arc as turbidites in a submarine 

fan on the plate being subducted. These overlie 

older sediments dating back to the Cretaceous that 

were laid down hundreds of kilometres out to sea 

and are composed mainly of pelagic material; the 

remains of planktonic animals and fine grained 

silica, micas and clays. 

As this plate sank down beneath the plate 

supporting the island arc, sediments at the 'leading 

edge' were 'scraped off' in thrust slices, deformed 

and folded. As the plate advances further, a 

further slice is sheared off and inserted beneath 

the next oldest slice moving it backwards and 

upwards. All the time, a slope cover of new 

sediments is deposited over the whole area. Thus, 

in summary, each slice of accretionary material is 

stratigraphically correct in that old rocks are at the 

base and young rocks are at the top of each slice, 

but the slices are arranged so that the youngest is 

at the bottom and the oldest is at the top. This 

pattern of stratigraphy and structure has led some 

geologists to hypothesise that the Southern 

Uplands are a relic accretionary complex from 

Lower Palaeozoic times formed on one or more 

margins of the Iapetus ocean. 

Evidence from other parts of the world 

suggests that some igneous rocks may be broken 

off as well as the sediments, especially if pieces 

are standing up as minor horsts or other highs 

formed initially at mid-ocean ridges. Also, in 

some cases, shear stresses between the plates 

build up so the system becomes locked and then, 

instead of moving along its previous suture, a new 

fracture occurs breaking off flakes of material 

beneath the accretionary complex and adding to 

it. 

A converse to this is Tectonic Erosion which is 

the process of breaking material off the base of 

the complex. Thus accretionary complexes do not 

always grow ─ sometimes they diminish in size. 

The Professor went on to show slides of 

seismic sections and he explained how these were 

produced by ships' equipment producing shock 
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waves that travel through sea floor rocks and are 

reflected back in varying ways depending on 

changes in the physical properties of the rocks. 

Boundaries between rock layers can be detected 

in this manner. The Professor was able to interpret 

and explain the sections and distinguish between 

the basaltic ocean crust below a sedimentary 

sequence. Subsequent sections showed positions 

of folds and thrusts and a future project to drill 

through such folds and date parts of the bores to 

determine the rate of thrust was discussed. Folds 

can be traced on bathymetric maps and can be 

major structural features. 

He also explained the technique of sidescan 

sonar ─ a device towed behind a ship which 

consists of a series of transducers emitting fine 

sheets of focused sound every few seconds. The 

returns are monitored on a visual display unit. 

Slides of results of this technique showing a run 

across an accretionary complex showed the front, 

scarp ridges and folding. 

The speaker also explained the process of 

subcretion or underplating by means of the 

formation of duplexes, in which lozenge-shaped 

pieces of sedimentary rock called horses are 

broken off and added to the bottom of the 

accretionary complex. 

Water within the pores of the rocks is held at 

high pressure and this allows thin layers of rock to 

slide over the underlying ocean floor. Sometimes 

this water is squeezed out as warm water springs, 

and also mud volcanoes can erupt at the frontal 

edge of the accretionary complex. 

The speaker and his American colleagues have 

created a model of the Barbados Ridge 

accretionary complex based on all the evidence to 

hand, showing not only the uppermost layers but 

the shape of the base of the complex also. One 

problem for which he could not provide an 

answer was whether some sedimentary material is 

carried further down into the subduction zone. 

However, seismic velocity readings appear too 

high to allow a significant amount of the 

sedimentary rocks to be present at depth. 

In conclusion he looked at the rocks of 

Barbados, which is an uplifted part of an 

accretionary complex. Most of the island is 

covered in coral, underneath which are basically 

two main types of rock. The rocks of the Eocene 

basal complex, sometimes called the Scotland 

Formation, are composed mainly of deformed 

turbidites that were probably accreted at the front 

of the complex when it was smaller. On top of 

these are thrust nappes of the Oceanic Formation 

which are pelagic and composed mainly of 

foraminifera and radiolaria remains that had been 

deposited on top of the complex and in forearc 

basins. Pockets of gas and oil have been formed 

from organic material carried by terrigenous 

material and in fact there is enough gas to 

completely supply the island's needs. 
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The lecture began by pointing out that all we 

know about past extinctions and evolution has 

been gained from the fossil record and he showed 

slides of specimens to show how well some are 

preserved. For instance some still show evidence 

of colour bands and dye remnants. Not only the 

ectoskeletons of invertebrates and skeletons of 

vertebrates are preserved but also trails and 

footprints. One slide showed a coalmine in Utah, 

the roof of which shows tracks of a dinosaur. 

Behavioural patterns of the dinosaurs can be 

deduced from the fossil evidence. The tracks 

seem to stop in front of a particular sequoia tree 

and it has been supposed that the dinosaurs were 

feeding there. Soft tissues too are sometimes 

preserved and slides were shown of a shrimp, 

spiders and a gigantic millipede. 

The speaker went on to explain where such 

fossils might be found. One of the most 

spectacular venues is the Grand Canyon in the 

United States which is a mile-deep gorge cut by 

the Colorado River through stratified, 

sedimentary rocks. Dating shows that the 

uppermost layers are very much younger than 

those at the base of the stacks. Fossils collected 

from the various layers here and at other locations 

in the world produces a patchwork of information 

which can be pieced together to produce a jigsaw 

picture of the history of the Earth. 

The Earth is believed to be about 4,500 Ma 

and the fossil record stretches back to 3500 Ma. 

For 7/8
ths

 of this time the record is dominated by 

unicellular organisms ─ algae and bacteria. Then 

in a relatively short time there was a rapid 

transition and multitudes of multicellular animal 

and plant species became apparent. What could 

have caused this? 

It is widely believed that the Earth's earliest 

atmosphere was depleted of oxygen, but as the 

algae colonised the ancient seas they emitted 

oxygen into the atmosphere during 

photosynthesis, oxygen that could support the 

more efficient aerobic respiration of more 

complex organisms. 

But another factor came into play also. At the 

beginning of the Palaeozoic Era there is evidence 

to suggest that the world's sea levels rose, creating 

shallow continental shelf seas. One suggestion for 

this phenomena has been that at this time the 

earth's land masses were grouped together as one 

supercontinent and this began to fragment. What 

were to become mid-oceanic ridges appeared and, 

as parts of the supercontinent moved apart, hot 

magma welled-up at the ridges. Hot rocks at the 

ridges are of low density and displace much water 

but as the rocks move away from the ridge and 

cool they contract and sink. At times of high 

levels of ridge activity therefore sea levels rise 

and during periods of relative inactivity sea levels 

fall. 

The beginning of the Palaeozoic Era then gave 

evolving multicellular species oxygen and the 

right environment to succeed and the 

fragmentation of the continent produced 

geographical isolation which supported the 

evolution and divergence of species. Brachiopods 

became dominant in the shelf seas, most species 

being attached to the sea floor. Trilobites too 

became prolific. The evidence also suggests that 

predation pressure was much lower in those times 

than in later ages. 

The Earth is spherical and it is plain to see that 

the fragments of the diverging supercontinent of 

the early Palaeozoic Era would eventually meet 

again with a resultant slowing of the plate tectonic 

processes and shutting down of the ridge system 

engine. This was the situation at the end of the 

Palaeozoic Era, about 225 million years ago. The 
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ridges cooled, the colder rocks sank and the sea 

levels dropped, destroying the shelf seas and the 

habitats of many common species. The resultant 

supercontinent then broke up at the initiation of a 

new plate tectonic cycle, with the consequent re-

establishment of extensive shelf seas. Different 

species became dominant in these seas ─ the 

ammonites and bivalves. These were more 

resilient to attack from predators which also 

became prevalent. The land became gradually 

dominated by reptiles. The Mesozoic Era had 

begun. 

There is a hypothesis at the moment that at the 

end of the Mesozoic Era, a large meteorite with a 

diameter of about 10 km collided with the Earth. 

The effect was to throw so much dust and debris 

into the atmosphere that there was a permanent 

night for perhaps months or even years. Many 

species, such as the dinosaurs, perished and when 

the atmosphere cleared the small mammals took 

over niches previously filled by reptiles. 

However, the crater of the meteorite has not been 

found and this theory is lacking in proof. There is 

nevertheless strong evidence in the stratigraphical 

record to suggest that the sea-level at this time 

dropped considerably and this may have had a 

marked effect on the demise of the Mesozoic 

fauna. 

From the beginning of the Cenozoic Era 

evolution has continued its path to give us the 

diversity of animal and plant species that are 

familiar to us and the dominant species now is ─ 

man. 
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The lecture began by comparing the surface of the 

moon with that of the earth and pointing out that 

the reason that the moon is badly crater-marked is 

because of the number of collisions there have 

been with meteorites. These are believed to 

originate from the asteroid belt, a region between 

Mars and Jupiter, where it seems a planet 

disintegrated and fragments of it now follow an 

ellipsoidal orbit around the sun and frequently 

shower the inner planets with meteorites. 

The reason why the earth is not so badly 

marked is because, even though collisions have 

been relatively as frequent as on the moon, the 

earth's crust is dynamic and most craters have 

been destroyed by tectonic processes or erosion. 

Well-known examples of craters on earth are 

apparent near Quebec, the Western Territories of 

Australia and Arizona and the Ries crater situated 

in the rectangle between Regensburg, Stuttgart, 

Nuremberg and Munich in Southern Germany. It 

was this latter example that the speaker wished to 

discuss. 

The Ries crater is almost perfectly round with 

a diameter of approximately twenty-four 

kilometres and is spectacularly different to the 

surrounding uniform landscape of the Swabian 

and Franconian Jura Mountains (otherwise known 

as Alb) in that it is a flat fertile plain. For nearly 

200 years German and foreign scientists tried to 

unravel the mystery of the Ries formation, many 

theories were formulated, including most 

popularly that there had been a Ries volcano 

which had long since disappeared leaving as its 

only trace its ejecta masses. 

Crater rim rocks and the steep sides of 

Malmian limestone quarries within the crater 

show signs of some great destruction. Rocks are 

rarely larger than head-size and the regular, near-

horizontal layering that is usually characteristic of 

Jurassic limestones, has totally disappeared. The 

rock itself is so completely fractured it can only 

be used for rubble for road building. In the region 

of the rim completely illogical layering of the 

rocks is found; rocks known to be older than the 

Malmian limestones are lying on top. A 

catastrophe of tremendous proportions must have 

been responsible for the inversion of the rock 

layers in such a manner and where the older ejecta 

masses overlie younger rocks the area of contact 

is striated, polished, scarred, scratched or flawed. 

These features had been explained, in past 

centuries, as the result of a Ries glacier. 

In 1960, however, Professor Shoemaker, an 

American who had been working on comparisons 

between the effects of meteoritic impacts and 

artificial nuclear explosions, sent samples of Ries 

rock to his colleague, Dr Chao, in Reston, 

Virginia. Using X-ray techniques, coesite was 

found. This is a high pressure modification of 

quartz needing up to 300 kilobar for formation 

and is considered to be incontestable evidence of 

meteoric collision. The speaker showed slides 

showing the similarities of Ries quartz grains with 

lunar samples. 

Much research has since been carried out on 

the Ries crater and scientists now conclude that 

the impact occurred some 14.8 million years ago 

and that the meteorite had a diameter of between 

800 and 1200 m and hit the surface at a speed of 

approximately 20 to 60 km per second. The 

energy released is comparable to fifty 100 

megaton bombs exploded simultaneously. 

With the help of a series of diagrams, the 

speaker explained one theory of how the 

meteorite pierced the atmosphere and hit the 

Tertiary surface of the Alb. Milliseconds before 

impact the air between the meteorite and the earth 

was compressed and intensely heated, lateral 

release of the pressure consequently melted and 

forcibly expelled a thin layer of the earth's 
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surface. A fountain of small glass drops was jetted 

out and evidence of these are found in parts of 

Czechoslovakia! The meteorite then struck the 

earth and penetrated approximately 700 to 1000 

m into the crystalline basement. The body itself 

and adjacent rock were immediately compressed 

into a quarter of their original volume, and within 

only a few seconds a deep basin-shaped primary 

crater was formed. Compression waves, many 

times the speed of sound, were propagated into 

the surrounding rocks, spherically. 

After only two seconds the main ejection 

phase began. First younger rocks and then older 

ones were discharged in an inverse sequence to 

the original layering. A thorough mixing occurred 

in some regions creating the Bunte 

Trummermassen which covered the whole of the 

Ries foreland. Tons of Malmian limestone 

megablocks flew through the air to distances of 

up to 60 km away. 

Some of the meteorite's kinetic energy was 

converted to heat, the rocks reaching temperatures 

of several thousands of degrees. The meteorite 

and adjacent rock vaporised and an incandescent 

vapour cloud left the crater. Melted crystalline 

basement fragments, dust and a small portion of 

sedimentary rocks mixed and were deposited on 

top of the Bunte Trummermassen with inclusions 

of deformed glass bodies. This on cooling created 

the rock 'fallout': suevite. A similar rock found in 

the crater basin with fewer glass inclusions is 

believed to never have been highly ejected and is 

termed 'fallback' suevite. 

The compressed rock of the crystalline 

basement sprang back causing an upward 

movement and intense mixing of the crystalline 

rocks. This resulted in the central part of the 

primary crater being filled and the rim sank 

creating an inner ring of elevations. 

The ever climbing gas and vapour clouds 

caused deluge-like rainfalls. Immense mud 

torrents raged within the crater and the crater was 

filled with boiling mud. Ejected rock masses had 

disrupted the drainage systems of the region and 

soon the crater became filled with water ─ pouring 

in as rivers over the rim and seeping in from the 

groundwater as well as from the torrential rainfall. 

The Ries lake had formed and is believed to have 

had no outlets and, due to high evaporation and 

ground solutions, was very rich in salts and had a 

high soda content. Very few well adapted water 

plants and animals could settle in and around the 

lake. Almost immediately sedimentation began, 

firstly of coarse, clastic rocks then with finely 

layered silts and marls. After two million years or 

so a change in climate and larger inflowing 

streams changed the water to predominantly fresh 

water and finally the lake silted up. Brown coal 

deposits in eastern Ries are evidence of swamps 

and their plant remains. 

The speaker went on to show slides of fossils 

to be found in the Ries crater. Green algae, such 

as Characeans and Cladophorites, were largely 

responsible for the construction of bulky 

calcareous build-ups at the lake edge. The snail, 

Hydrobia trochulus is found in tremendous 

numbers and is an indication of the high salinity 

of the Ries lake as are the rock building ostracods, 

Amplocypris risgoviensis. In contrast the presence 

of the snail, Planorbarius cornu mantelli in later 

times, indicates a more fresh water environment. 

Numerous fossil finds of bird bones, feathers and 

eggs document one of the best early Tertiary bird 

fauna in the world and many mammals have been 

identified from various outcrops. 

The present form of the Ries was reached 

towards the end of the Tertiary and during the Ice 

Age was subjected to alternating cold and warmer 

spells. In the course of the last cold spell the Ries 

was subject to similar conditions to the modern 

day Arctic. Summer vegetation consisted of hardy 

cold-steppe shrubs and herbaceous plants but no 

trees. One region of the crater is well known for 

finds of mammoth and wild horse teeth and 

skeletons of woolly rhinoceros. 
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