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Figure 1: Diagrammatic section of a kimberlite pipe in the Kimberley area before erosion, based on a model by J.B. 

Hawthorne, Chief Geologist of De Beers Consolidated Mines, Kimberley. 
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Diamonds are probably xenocrysts and their 

formation is not contemporaneous with their 

emplacing kimberlite. Rb/Sr and Nd/Sm ages on 

diamonds from Finsch and Kimberley mines yield 

ages of 2.2-2.3 Ga compared with 

Jurassic/Cretaceous ages for the host rock. 

Pressure/temperature graphs for the stability of 

quartz/coesite, graphite/diamond and 

coesite/stishovite, coupled with thermal 

conductivity of 40 mW/m (typical of cratonic 

regions), suggest a minimum depth of formation of 

140 km. 

Diamonds may be categorised into two groups 

and, although each group may be present in a 

single crystal, one type will normally dominate. 

Type 1 diamonds usually have good crystal form, 

but various inclusions. Type 2 diamonds tend to be 

purer, but of poor crystal shape. Nearly all large 

diamonds fall into type 2: the Cullinan is very 

definitely type 2. An illustrative slide was used to 

show the wide variety of colours in which 

diamonds can occur: yellows, blues, browns, even 

black. Colour seems to be determined by trace 

elements: brown by magnesium, green by iron etc., 

although the black, which contains graphite, may 

represent a diamond which was dose to inversion 

to graphite. It is yet uncertain whether these traces 

are present as lattice irregularities or as micro-

inclusions of contemporary age. 

EXPLORATION 

Moving on to consider exploration, most of the 

usual techniques have been applied in the search 

for diamonds, but it tends to be a bit hit-and-miss 

when geophysical techniques are used. Airborne 

techniques have been successful, but many pipes 

are only of comparable size to the line spacing, and 

the physical properties of the country rock are 

often very similar to that of the intruded 

kimberlite. Seismics have had little success, whilst 

gravity has proved useful in identifying pot holes 

etc. but is a fairly expensive technique and of little 

use in wild-catting. Magnetics can be useful, but 

not all kimberlites produce magnetic anomalies 

and not all of those which do are diamondiferous. 

The difficulty of identifying diamondiferous 

ground was exemplified by a leading mining house 

in South Africa who abandoned a claim on a 

circular anomaly after their geologists declared it 

to be a meta-sediment. The claim was bought by 

De Beers who have since identified it to be not 

only a kimberlite, but richly diamondiferous! 

Within the last month (November 1992), 

diamonds have been claimed in a bore hole in the 

North-West Territories of Canada. After much 

frenzied activity on the financial markets and 

staking of claims by those not wishing to be left 

out, the original drillers were forced to admit that 

on re-examination of the material, the diamonds 

originated from the drilling crown! 

PRODUCTION 

To extract diamonds from alluvium, beach 

deposits or the weathered kimberlite (or yellow 

ground) requires little more than a shovel and 

separator (often a rotating cage known as a 

tromell) and a keen eye. Slides were shown of 

some "one-man-and-a-dog" type operations which 

are still in use in the Transvaal. 

On a larger scale, and also as a final stage in 

extraction from the unweathered kimberlite (blue 

ground), a unique property of diamond is used. 

This is its unwettability. If water is sprayed over 

most rocks, they become wet, and will not adhere 

to grease. Not so diamond. The diamond adheres 

to grease-covered rollers while the gangue material 

falls away. At the end of the day, the grease is 

melted, and the diamonds fall to the bottom. 

Mining blue ground (which is anything but 

blue, rather grey-dark-green) is the realm of the 

more serious undertaking. Most modem mines are 

open-cast, but at Kimberley and at Cullinan, deep 

mining occurs. Deep mining was introduced when 

the original holes had reached such a depth that 

stability was a problem. A shaft was sunk through 

the country rock and then tunnels driven into the 

pipe. One problem with drilling kimberlite is that it 

swells when wet, binding the drill. However, dry 

drilling is impossibly dusty and has all the inherent 

health problems. 

A new technique known as block caving was 

developed to extract kimberlite. A main rock shaft 

is drilled down some distance from the kimberlite 

pipe. At a suitable depth a full circular haulage is 

cut right around the pipe. From the haulage, they 

drive "scraper drives" upwards into the kimberlite. 

The scraper drives are lined with concrete and at 

intervals "doorways" leading into chambers some 

2 m high and 4 m in each direction are made. The 

kimberlite collapses into these caverns and spills 

into the scraper drive from where it is removed 

with a scraper (which is not much more than a 
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steel bar) into the haulage. This way, virtually no 

drilling or explosives are necessary after the initial 

stage of development. Once overburden appears, 

the haulage is abandoned and a new haulage 

constructed 400 m deeper. 

The first processing of the kimberlite is to be 

screened by human eye for large diamonds. They 

are rare, but it is still economically viable. 

Subsequently the blue ground is crushed and the 

material screened by ultra-violet fluorescence. 

Most diamonds, when subjected to ultra-violet, 

fluoresce in the visible spectrum. Sensing is 

electronic, and they are removed using air guns. 

Further crushing occurs and then small diamonds 

are entrapped using grease tables. 

The first part of the presentation concluded with 

slides comparing early Kimberley and modern-day 

Angola where a free for all has developed in 

alluvial diamonds. Reference was made to the 

cartel system of trading diamonds through the 

Central Buying Organisation and the Central 

Selling Organisation pointing out how the price of 

diamonds is fixed, but adding that recently some 

very good stones (particularly from Angola) had 

found their way to the Antwerp market and that 

this was seriously pressurising the cartel. The final 

slide showed one day's production from Premier 

mine: mostly boart, but some gemstones. 

FROM MINERAL TO GEM 

The availability of diamonds stems from the South 

African discoveries of the 19
th
 century. Prior to 

that diamonds were known from India, but only in 

quantities that could be described as regal. 

Tradition suggests that the first diamond in Africa 

was found in the Orange River area by a Griqua 

boy who had been sent out to clear a drainage hole 

in a dam, when out popped a "mooi klip". This 

stone was later seen by a visiting general dealer 

who took it to Cape Town and subsequently to 

England. It took three years before it had been 

verified as a diamond. The rough stone weighed 

21 carats and after cutting yielded the 10.75 carat 

Eureka diamond. 

In 1871, a group of men known as the "red 

caps" sent one of their number out into the veld 

and told him not to return until he had found a 

diamond. Waking under a tree the following 

morning, lo and behold, there was a diamond. 

Where he had slept was ultimately to become the 

Kimberley "Big Hole", although at that time it was 

a small hill. 2.75 tons of diamonds were extracted 

before the mine was abandoned in 1914. 

Only 20% of diamonds are gem quality, the rest 

being known as boart. Diamonds are categorised 

according to "the 4 Cs": Cut, Carat, Clarity and 

Colour. 

 

Cut; All diamonds used in jewellery are cut. The 

major cutting centres of the world are Antwerp, 

Tel Aviv, Amsterdam, and London. Most 

diamonds are cut to a cone shape known as a 

"brilliant". This cut was developed to give 

maximum scintillation from the stone. Diamonds 

cut prior to 1919 (when this cut was first used) 

have far less scintillation and hence less value. One 

of the most common crystalline forms of diamond 

is the octahedron. By simply slicing the top off, we 

get close to the "standard" shape. For a 1-carat 

stone, it takes a day to make the initial cut. Only 

diamond cuts diamond, and then only slowly. The 

ideal diamond is 2/3 pavilion, 1/3 crown (Figure 

2). If the proportions are not right, light will not be 

totally internally reflected and hence the emergent 

light will be less intense. Thus cut is the most 

important of the four Cs. 

 
Figure 2: Parts and facets of the Brilliant Cut. 
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Carats; The name derives from the seed of the 

carob tree. Around 4000 BC such seeds were used 

to weigh diamonds in India. The modern carat is 

1/5 gram and, as a check, the authors weighed a 

number of the seeds and found most to be within 

5% of the modern value. The subdivision of the 

carat is the "point" of which there are 100 to the 

carat. The average English engagement ring is 8 

points. "Are you a girl in a million?" is a phrase 

used by De Beers in their advertisements. Why? 

Well, simply only 1 diamond in every 1 million 

weighs 1 carat or more. 

 

Colours; Although "white" and "icy" may be the 

average person's description of a diamond, there 

are 25 colours recognised in the trade ranging from 

D to X. J or K would be described as slightly tinted 

white. A-C are only found as investment stones. 

Colour acceptability varies from country to 

country. In Germany, whiteness is all important, 

whereas in the UK one would be prepared to 

sacrifice colour to some degree if the other Cs 

were good. Additionally, diamonds occur in 

colours and these are known as fancies. The rule is 

that the colour needs to be bold, not just a hint, so a 

slightly yellow diamond is well down the main 

scale, but a canary yellow diamond would have 

high value. A most prominent collector of canary 

yellow diamonds was the Duchess of Windsor. 

 

Clarity; Most diamonds have inclusions in them. 

Obviously, if they are visible to the naked eye they 

will significantly detract from the value. 

Otherwise, the standard loupe is the instrument 

used. Inclusions take the form of tiny clefts, 

feathers or carbon inclusions. The reason such 

defects are important is that they alter the optical 

path of the diamond. 

 

Further detail can be read in the book written by 

Eric Bruton (1992). 

REFERENCES 

Bruton, E. (1992). Diamonds. N.A.G. Press 

Ltd., London. 
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PALMER, T.J. (1994). Hard bottoms. Proceedings of the Shropshire Geological Society, 10, 19–21. Hard sea 

bottoms arise on the sea floor when soft sediment, the majority being of terrigeneous origin, includes grains 

consisting of calcium carbonate which eventually lithify to form limestone. The grains are either precipitated 

directly from sea water or, more commonly, from organisms. 

Hardgrounds may at first sight appear to be an unusual and esoteric phenomenon, but in practice their study is 

able to extend consideration in time and scale of large-scale climatic and chemical processes, and on evolution 

patterns. 
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INTRODUCTION 

The subject of hard sea bottoms arises from most 

sea floors being covered with soft sediments, the 

majority being of terrigeneous origin. A special 

case occurs when the soft sediments consisting of 

grains of calcium carbonate eventually lithify to 

form limestone. The grains are either precipitated 

directly from sea water or, more commonly, from 

organisms. 

A typical modern carbonate sea bottom is 

shallow, extensive, and light in colour because of 

the pale colour of calcium carbonate. Such 

sediments occur in tropical or subtropical waters 

within the photic zone as organisms require light 

for photosynthesis, so they accumulate in waters 

up to a few tens of metres deep. Today there are 

hard calcareous sea bottoms in the tropics 

supporting a range of organisms. 

Most fossils are the remains of soft-sediment 

organisms which originally lived in soft mud or 

sand which is now found as hard rock. 

Occasionally the fossil record shows species which 

are specifically associated with a hard substrate. 

HARD SUBSTRATES 

Hard substrates can occur for a variety of reasons: 

1. Unconformities; an example would be of 

an Ordovician quartzite overlain by 

Jurassic sediments containing oysters 

attached to what had been the sea floor, 

drawing the analogy with modern rocky 

sea floors on which barnacles, limpets etc. 

attach themselves. Such a hard bottom is 

known as rockground. 

2. Septarian nodules; calcium carbonate can 

be precipitated just below the sea floor 

and locally cement the sediment. The 

process passes through a soapstone stage 

and then hardening, involving a volume 

change. If local erosion then takes place 

these nodules, which lie a few centimetres 

below the sea floor, will be exposed and 

form local hard substrates. An example is 

the coinstone in the Black Ven Marls of 

Dorset which are Lower Jurassic. Such 

concretions can then provide a hard 

surface for colonisation. 

3. Individual shells; on the sea floor these 

form the greatest volume of hard bottoms. 

Most shelled organisms live in soft 

sediment but the shell represents islands 

of hard substrate which can be colonised, 

e.g. encrusting worms on Gryphea shells, 

also boring organisms which operate by 

dissolving the calcium carbonate ─ some 

bryozoa do this. 

 

The study of boring organisms has advanced since 

the discovery of epoxy resins which could be used 

to impregnate limestone which had been bored. 

The limestone was then dissolved and a cast of the 

borings remained. Such studies range in scale from 

large club-shaped holes made by boring clams 

down to calcite prisms 10 microns across which 

have been bored by bacteria. At the large end of 

the scale the size of biotic substrates is not limited 

to individual organisms, as reefs are formed today 

by corals, since in earlier geological times they 

were also contributed to by other encrusting 

organisms. 
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HARDGROUNDS 

Hardgrounds arise where calcium carbonate 

sediment has become hardened, by chemical 

means, contemporaneously with sedimentation. 

Most limestones accumulate as soft carbonate 

sediment. It used to be thought that these 

sediments could only be hardened by exposure to 

meteoritic rain. Rain is slightly acid and dissolves 

some limestone to reprecipitate it around grains 

and thus form a hardening cement. This is evident 

in thin section where individual grains can be seen 

to have a fringe of calcium carbonate crystals. This 

is the most usual way for limestones to form but 

modern research has shown that, locally, patches 

of soft sea floor can become hardened while still 

submarine. These are blocks of limestone which 

consist of original grains cemented by a thin rim of 

lime and are known as hardgrounds. 

Hardgounds can only form where there is a 

sufficient concentration of bicarbonate ions in the 

seawater. These are ultimately derived from 

atmospheric carbon dioxide which is dissolved in 

the sea. Seawater rich in bicarbonate ions 

circulating through the top 10-15 cm of sea floor 

can precipitate rims of calcium carbonate around 

existing grains and thereby cement them together. 

Because the ions are derived from sea water the 

process becomes progressively less effective in 

deeper sediments; it is most effective just below 

the sediment/seawater interface. 

This phenomenon is occurring today in the 

Persian Gulf. Four separate sedimentation events 

have been identified, each with a hard crust 

forming just below the sediment surface. 

Examples from the fossil record range from the 

Ordovician of the Mississippi region up to the 

Cretaceous of southern England. In the Cretaceous 

Chalk, these hardgrounds can be so extensive as to 

form useful stratigraphical markers, extending 

across the Channel into Normandy. 

Hardgrounds can be recognised in the field by a 

number of indicators: 

1. As persistent flat surfaces. The flatness is 

due to erosion after hardening. An 

example would be a cephalopod which 

had originally lain in soft limy sediment 

which had then become part of a 

hardground which had suffered 

contemporaneous erosion removing about 

a centimetre of the fossil. 

2. Hardgrounds are often stained by minerals: 

pyrite, manganese etc. This staining 

shows in the cross-section of an exposure. 

3. Contemporaneous boring or encrusting 

animals associated with the sediment 

indicate that it was hard at the time. 

SIGNIFICANCE OF HARDGROUNDS 

This description of hardgrounds leads on to 

consideration of the significance of current 

research in this field, crossing different fields of 

interest. Thus while sedimentologists tend to 

ultimately produce palaeogeographic maps of a 

particular time and area, and palaeontologists tend 

to study individual fossil groups, the author has 

studied hardgrounds through geological time, i.e. 

he has looked at a particular environment through 

different ages. This is typically a tropical or 

subtropical shallow water area which is carbonate 

hosted. The frequency of occurrence of 

hardgrounds varies through geological time and is 

probably related to climate. 

At present we are experiencing a cool period of 

the earth's history ─ an ice-house period. Such 

periods can also be recognised from the 

Carboniferous and Permian, and in the late 

Precambrian and the Cambrian. Intervening times 

─ the middle Palaeozoic and the Mesozoic 

(Jurassic and Cretaceous) ─ experienced a 

significantly warmer climate and are known as 

greenhouse periods. 

Aragonite is the more common form of calcium 

carbonate and provides the cement in hardgrounds. 

However, it is more soluble than calcite, which 

forms the cement in greenhouse periods. Calcite 

precipitates more easily, from lower temperatures 

and lower concentrations, than aragonite and so 

hardgrounds are more common in greenhouse 

periods. Thus the present (ice-house) period is not 

a good key to the past, as ocean chemistry and 

fauna have changed. 

The occurrence of ice-house and greenhouse 

periods is a reflection of the buildup of carbon 

dioxide in the atmosphere which traps incoming 

solar energy and causes temperatures to rise. 

Geologically the current activities of Man are 

negligible in this respect. The main source of 

carbon dioxide in the atmosphere is from 

vulcanicity from subduction zones and mid-

oceanic ridges. If the rate of movement at plate 
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edges is increased it will increase the emission of 

carbon dioxide and so cause a greenhouse period 

will develop, when more carbon dioxide is 

dissolved in sea water and hardgrounds can form. 

Ordovician limestones contain many 

hardgrounds with encrusting bryozoa. These 

hardgrounds were sometimes broken up by 

contemporaneous storms and the resultant blocks 

recemented to form intraformational 

conglomerates which were than colonised by 

encrusting organisms. In Lower Palaeozoic times 

hardgrounds were the main source of hard 

substrates as only small shells were available ─ 

organisms with hard shells had yet to evolve. The 

existence of hardgrounds enabled a range of 

organisms to develop encrusting or boring habits. 

The occurrence of such encrusting and boring 

organisms through Phanerozoic time can now be 

considered. Species which occur on hardgrounds 

(about 200) can be categorised into three 

categories: borers, encrusters with exoskeletons, 

and encrusters with endoskeletons. 

During the Palaeozoic there were many 

encrusters which clearly survived successfully as 

there were relatively few predators. At this time 

there were not many borers or encrusters with 

exoskeletons. However, by the Mesozoic there is a 

great increase in the number of borers and 

encrusters with exoskeletons. This can be 

interpreted in terms of the populations reflecting 

the effect of the late Palaeozoic burst of radiation 

whereby marine predators such as fish, 

crustaceans, starfish etc., suddenly evolved causing 

a consequent change in morphological habit and 

environment within the fauna of hardgrounds. 

CONCLUSION 

What appears at first sight to be an unusual and 

esoteric obsession with the obscure phenomenon 

of hard bottoms in practice is able to extend the 

study in time and scale of large-scale climatic and 

chemical processes, and on evolution patterns. 
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INTRODUCTION 

How many people have driven past the red 

sandstone cuttings in Bridgnorth and murmured 

carelessly to their passenger in the back: "Cross 

bedding: desert dunes, you know". Yet, if pressed 

by a precocious relative, to "describe exactly what 

is happening in That Section" would feign 

selective deafness? After all, That Section is 

festooned with beds, some dipping this way, some 

dipping that. Some are curved, others straight. 

Some have steep dips, others are almost horizontal. 

And, despite the term Red Beds, a number of them 

are yellow, grey or green. 

The purpose of this excursion was to investigate 

the Kinnerton-Bridgnorth Sandstone Formations 

(?Permian) and the overlying Chester-

Kidderminster Conglomerate Formations (?Lower 

Tias) in the Cheshire and Stafford-Worcester 

Basins, also to investigate the various recently-

published hypotheses of the Permo-Trias beds 

around Shrewsbury and Bridgnorth. The "old" 

view (Shotton, 1937; 1956; Wills, 1950, 1956) is 

that the dunes were created by strong, steady, 

prevailing easterly winds in desert latitudes when 

Britain was just north of the Equator. The "new" 

hypotheses (Sneh, 1988; Karpeta, 1990) suggest 

that these easterlies fluctuated both in strength and 

direction and were frequently replaced by more 

northerly winds. The interaction of these two 

components produced complex superimposed 

systems of dunes and erosional scours. 

The excursion yields evidence at a number of 

localities to support the latter hypothesis, with 

observations of wind-eroded troughs having 

approximately north-south axes scoured into a 

system of westerly-advancing dunes. It is also 

possible to pick out a number of secondary and 

even third order structures superimposed on the 

dunes and to interpret the processes that had 

probably produced them. However, despite 

attention from geologists for many years, there are 

still unanswered questions concerning the exact 

mechanisms of formation of particular structures. 

Figure 1 illustrates the localities to be visited 

around Bridgnorth and the inset maps show the 

dunes in Arran and the North Sea. 

The meeting point was Rockhall road cutting 

on the B5063 immediately south of Besford Wood 

near Preston Brockhurst [SJ 541 523]. 

LOCALITY 1: Rockhall road cutting [SJ 541 

523] 

The first locality of the day was chosen to illustrate 

clearly the difference between large-scale, coarsely 

laminated, high-angled barchanoid dune foresets 

and a sub-horizontal, finely-laminated interdune 

facies known as wind ripple or "pin-stripe" 

lamination. 

The top of the Kinnerton Sandstone is well 

exposed immediately below the Chester Pebble 

Beds Formation (fluvial ?Lower Trias) which 

forms Besford Wood (Hill) to the north. In the 

Kinnerton Sandstone Formation flatbedded, 

bottomset, laminated, sometimes trough-scoured, 

medium and coarse sandstone (aeolian interdune 

sand-sheet sediments) are preceded and succeeded 

by large-scale crossbedded sandstones (wind-

ripple laminated, slip-faced and slip-faceless, 

complex dunes or draas with superimposed 

smaller scale aeolian dunes ─ effective 

palaeowinds from the east) (Steele, 1982; 1983). 

Trace fossils (burrows and/or plant stems) have 

also been observed in the flat bedded sandstone 

beds, although no spores have yet been found with 

which to date them. 
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Figure 1: Locality map in the vicinity of Bridgnorth. The inset maps show the dunes in Arran (top left) and the North Sea (top 

right). [© David Thompson 1993] 
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LOCALITY 2: Road cutting near Worfe 

Bridge, north of Bridgnorth [SO 727 953] 

At the River Worfe near Bridgnorth the activities 

of mason bees demonstrate their ability to bore 

preferentially into dune foresets rather than into the 

slightly more densely packed grains of interdune 

beds ─ a useful pointer to distinguishing the two 

facies. 

This locality, on the A442 near Worfe Bridge, 

can be used to work out the 3-dimensional 

geometry of pebble beds. North of the bridge on 

the west side of the road the fluvial Kidderminster 

Pebble Beds overlie the aeolian Bridgnorth 

Sandstone with significant erosional relief. This 

masks the likelihood that the surface marks an 

unconformity. South of the bridge on the eastern 

side of the road the same formations are 

juxtaposed. The group investigated the nature and 

origin of the junction/unconformity in both places. 

The group was then invited to investigate the 

aeolian sandstones at the top of the Bridgnorth 

Sandstones in relation to the old hypothesis that 

the ?Permian winds were steady easterlies which 

formed transverse barchanoid ridge dunes 

(Shotton, 1937; 1956; Willis, 1950; 1956) or new 

hypotheses which suggest that the transverse and 

barchanoid draas bore superimposed oblique 

crescentic and linear dunes under the influence of a 

fluctuating east wind regime with northerly 

components (Karpeta, 1990) or that transverse, 

longitudinal (seif) and oblique elements are present 

(Sneh, 1988), again induced by a northerly 

subcomponent. 

LOCALITY 3: Station Road, Bridgnorth 

[SO 714 927] 

Here the lower part of the Bridgnorth Sandstone is 

a short distance above the equivalent of the Keele 

Sandstones (Upper Carboniferous). A single very 

large set of cross-bedding bears excellent grain-

size differentiation with sandflow, ?sandfall and 

wind ripple or "pin-stripe" lamination being well 

seen. The set (part of a slip-faced draa) may be 

traced for 70 m parallel with the dip. Dip is not 

seen, but is about 5° to the east. 

 

Lunch was then taken at Bridgnorth railway 

station on the Severn Valley Railway. 

LOCALITY 4: Castle Hill, Bridgnorth [SO 

717 928] 

The east side of Castle Hill, in the gardens, 

exposes an extensive cliff section in the middle 

part of the Bridgnorth Sandstone Formation. The 

cliff trends north-south, normal to the east to west 

palaeowind. The sandstone shows large-scale 

trough cross-beds with sets between 5 and 10 m 

thick. Components of the foresets dipping to north 

and south can be seen in the caves which allow 

three-dimensional investigation. Are there any 

components which might be referred to oblique 

winds from the north or smaller dunes from the 

north migrating over degraded draa? 

 

The group then drove southwards along the A442. 

LOCALITY 5: Road cutting on the A442 at 

Quatford [SO 739 902] 

The next exposure was in the road cutting on the 

A442 at Quatford, to the north of the Little Chef. 

This is a roadside section in the middle of the 

Bridgnorth Sandstone Formation where the rock 

faces are normal to the palaeowind. Crossbed sets 

are of a variety of scales and various levels of 

bounding surface are present. 

This outcrop has been interpreted in terms of 

smaller dunes migrating over larger draa, perhaps 

at oblique angles (Steele, 1983), but there is plenty 

of opportunity for other ideas to be generated! 

 

The group then drove back to Bridgnorth and took 

the Wolverhampton Road, turning right half way 

up the hill to park alongside the house fronts in the 

Lane from where they could walk back down the 

hill to the road cutting. 

LOCALITY 6: Old Wolverhampton Road, 

Bridgnorth [SO 727 935] 

Further aeolian sedimentary structures can be 

examined along the Old Wolverhampton Road 

leading east out of Bridgnorth, passing up into 

fluvial pebble beds. 

Both the south and the north sides of the road 

expose one very large scale crossbed set over 20 m 

thick. Recall the structural dip of about 5° to the 

east. The group was invited to try to identify 

pinstripe wind-ripple lamination having up to 20° 

dip, grainfall laminae (possibly rare or absent) and 

grainflow (i.e. sand flow units) at higher angles 
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(23-35°). Is this a draa which was slip-faced or 

slip-faceless? 

The group was asked how they would interpret 

the local third-order bounding surfaces with 

overlying smaller cross beds on the top of the large 

set on the north side of the road. From which 

direction did these dunes come; were they possibly 

oblique to the main east to west flow? 

LOCALITY 7: Old Wolverhampton Road, 

Bridgnorth, continued 

The group then walked northeastwards up the 

A454, past the lane where the cars were parked, to 

examine the roadcut which exposes the 

?unconformable junction between the aeolian 

Bridgnorth Sandstone Formation below and the 

fluvial Kidderminster Conglomerate Formation 

above. 

The group was invited to look for the sandstone 

units in the Kidderminster Conglomerate 

Formation and determine whether these are fluvial 

or aeolian. 

The group was then invited to investigate the 

nature and origin of the Bridgnorth Sandstone 

Formation in relation to hypotheses already 

discussed. 

LOCALITY 8: The Hermitage, Bridgnorth 

The group then took the footpath on the south side 

of the road to conclude the day with a visit to "The 

Hermitage". Here curious ancient rock dwellings 

have been cut into the sandstone cliffs of 

Bridgnorth Sandstone Formation overlain by the 

fluvial Kidderminster Conglomerate Formation, 

and further east at the Queens Parlour. Although 

the walls have been etched with graffiti by more 

recent "primitives" such as "Lee" and "Kaz", this 

did not detract from the historical and geological 

interest of the site. 
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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 

outcropping in the vicinity of Preston Brockhurst and 

Bridgnorth. It should not be used for any other purpose or 

construed as permission or an invitation to visit the sites 

or localities mentioned. 
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INTRODUCTION 

The Clee Hills in south Shropshire are made up of 

some 1100 metres of sedimentary rocks of the Old 

Red Sandstone, topped by thin representatives of 

marine Lower Carboniferous rocks and Upper 

Carboniferous Coal Measures with intrusive 

dolerites. 

The excursion will examine landforms and 

exposures of rocks typifying this part of the 

stratigraphic sequence (age 310-420 Ma). 

The leader guided the group through a carefully 

selected choice of exposures, from the dolerite 

capping the hilltops with well developed columnar 

basalt, through the Cornbrook Sandstone to the 

Carboniferous Limestone near the bottom of the 

sequence, where many of the group collected 

characteristic fossils. 

Over lunchtime the clear weather revealed the 

wonderful view to the south and west for tens of 

miles. In the far distance the Cotswolds and 

probably May Hill were tentatively identified. The 

Malvern Hills and Black Mountains could both be 

dearly seen together with all the intervening 

country reflecting its underlying geology. 

After lunch the leader took the group up to the 

Kinlet Sandstone to see plant remains in 

sandstones associated with the Coal Measures, and 

more spectacular views. Then on to Brown Clee 

where different formations were clearly reflected 

in the topography and shown to be very different 

in outcrop. From here there was yet another good 

view across rich Devonian lowlands to the Silurian 

hills in the west, looking up the dip slope of 

Wenlock Edge. 

The leader distributed a detailed sheet 

portraying the stratigraphy (Figure 1; © David 

Gossage 1993). 
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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 

outcropping in the Clee Hills. It should not be used for 

any other purpose or construed as permission or an 

invitation to visit the sites or localities mentioned. 
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Geological Society, 10, 28. The Society organised a "Geological Extravaganza" at Much Wenlock to celebrate the 

exciting new geological exhibition at the Museum. 
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On 18
th
 May 1993 the Society organised a highly 

successful "Geological Extravaganza" at Much 

Wenlock to celebrate the exciting new geological 

exhibition at the Museum. Shropshire Museum 

Services and English China Clays cooperated with 

the Society to provide the public with a unique 

experience in the appreciation of Silurian life. 

A number of members were involved in 

organising a variety of activities in Much Wenlock 

Museum including making fossils, looking at 

specimens under a microscope and identifying 

objects in "feelie" boxes. 

Activities in the museum were complemented 

by visits to quarries on Wenlock Edge. English 

China Clays generously laid on tours of the 

working quarries and transport to Coates quarry, 

now used for storage. Here more society members 

were available to help with the explanation of the 

rock faces and identification of the many fossils 

which were found. 

The day proved popular with over 150 visitors 

enjoying it all in spite of the weather which 

steadily deteriorated. 
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