


Editorial
 
The acceptance of man as part of 
nature, rather than somehow 
separate from it, marks a 
fundamental shift in thinking 
amongst nature conservationists 
in recent years. This is 
exemplified in the day-to-day 
work of many conservation 
organisations, both statutory and 
voluntary, where increasing 
emphasis is being placed on 
'community involvement' and 
'community action' to achieve 
their objectives. Significant steps 
are being taken to inform and 
influence local people, and 
ultimately enlist their help in 
caring for nature in their local 
areas. 

The strengths of this 'new age' are 
being echoed this year - European 
Nature Conservation Year 
(ENCY '95) - in more than 40 
countries across Europe. The aim 
ofENCY '95 is to encourage local 
people to work together to 
conserve their natural heritage 
but outside of formally protected 
areas. Here, again, we have a 
golden opportunity to integrate 
our subject with the other, more 
traditionally recpgnised, aspects of 
nature conservation. Let's ensure 
that we make good use of it! 

Mike Harley, Managing Editor 

Cover photo: 
The High Atlas Mountains, near 
Tizan, Morocco. Even here, the 
effects of man on this rugged upland 
landscape are evident. The sparse 
vegetation on the valley sides bears 
witness to overgrazing, whilst on the 
valley floor, terracing typifies the 
traditional farming methods of the 
region.
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Reclaiming the land 
after surface coal mining 

Martin Haigh, Oxford Brookes University 

The environmental impacts of 
active mine operation are, for 
the most part, transitory. 

However, the environmental impacts 
of mine wastes and reclaimed lands 
are not. The end product of surface 
coal mining is an area of mine spoils 
which, ultimately, is reshaped into 
'reclaimed land' that remains 
indefinitely. Viewed from this 
perspective, the greatest 
environmental impact of surface 
mining is the production of reclaimed 
land. 

This would not be a problem if 
reclaimed lands were of uniformly 
high quality. Certainly, there are 
cases where reclaimed lands are 
better than the original lands they 
replace. Unfortunately, the reverse is 
more often true. The new lands 
rarely live up to the promise of the 
glossy brochures published by land 
reclamation agencies. There is no 
national system of inspection or 
quality control, so land remains 
reclaimed even when the drains fail, 
the soils wash away, the vegetation 
cover dies back and the land 
degrades into bare gullied spoils. 
Across Europe, concern is growing 
about the deterioration of lands 
officially counted as reclaimed. In 
Wales, this may be the most serious 
national land reclamation problem. 

The reasons for this 
deterioration are not hard to find. 

In nature, soil is a living system 
that evolves over many centuries in 
partnership with its substrate, local 

climate, drainage and topographic 
location, and in response to land 
usage. Natural soils are capable of a 
sophisticated self-regulation involving 
nutrient supply, chemical buffering, 
the preservation of soil density, 
porosity, aeration and water holding 
capacity, detoxification, and self
regeneration. Indeed, soils involve 
such a tightly linked integration of 
physical, chemical and biological 
processes that, increasingly, soil 
scientists conceive the soil as a living 
organism or super-organism. 

Clearly, land reclamation is an 
ecological problem. However, in 
Britain, reclamation thinking remains 
dominated by engineering. 
Landforms are pushed into shape, 
channels and drains built, topsoils are 
laid, fertilisers applied, seeds sown, 
perhaps some trees planted, the land 
managed f014.five or a few plore years, 
and it is 'rt1:1aimed'. Most modem 
land reclamation agencies still treat 
the soil more as a carpet than a living 
system. New artificial topsoils are 
laid down with little regard to 
topographic or microclimatic context, 
and over new subsoils from which 
they are entirely divorced - indeed 
which they are often intended to 
mask. These subsoils have new and 
completely different physical, 
hydrological and, sometimes, 
chemical properties - such as the 
tendency to develop hyperacidity 
when pyritic minerals become 
affected by weathering and microbial 

action. 
Clearly, these changes are gross 

enough to provide a major shock to 
any living system. At very least, this 
must lead to major restructuring as 
the soil system begins the process of 
adapting to its new situation. 
Certainly, the immediate 
consequence is likely to be a soil 
which is unusually fragile and prone 
to loss of quality. At worst, the result 
may be a soil system which is unable 
to meet the challenge of the new 
conditions and begins to collapse. 

In fact, 'collapse' is a fair 
description of what actually occurs. 
In Wales, the great problem in 
reviving degraded reclaimed lands is 
soil compaction. In part, this is due 
to compaction by machinery during 
reclamation engineering and, in part, 
due to the accelerated weathering of 
minestones. Minestones, exposed to 
the elements for the first time, often 
undergo very rapid weathering 
breakdown. The weakly consolidated 
shales, characteristic of many spoils, 
are especially vulnerable. Their 
breakdown releases a flood of clay
sized particles into the soil. These 
clays choke the soil pores, so 
restricting water infiltration, air 
movement, and root growth. The 
soil becomes less permeable, less 
favourable as a growth medium and 
less densely vegetated, while both 
surface runoff and erosion rates 
increase. Erosion is caused by surface 
and near-surface runoff. Waters that 
infiltrate to greater depths cause 

Some modern land reclamation is of poor quality. This at Pwll Du, South Wales, was reclaimed in 1988/89. (Photos by Manin Haigh) 
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This project, on the Oxford Brookes University experimental plot at Pemik, Bulgaria, 
compares rates of erosion on slopes protected by trees and those with no vegetation. 
(Photo by Martin Haigh) 

fewer problems. 
However, many reclaimed lands 

display a very dense clay enriched 
layer, usually 20-40 centimetres deep 
into the soil. Here, soil densities 
range upwards from 1.6-2.0 grams 
per cubic centimetre. The optimal 
densities for plant growth in 
agricultural soils tend to lie in the 
range 1.1-1.3 grams per cubic 
centimetre. At the higher densities 
typical of reclaimed lands, the soil 
can become so dense that root hairs 
are unable to penetrate. In some 
cases, the dense fayer is a traffic-pan, 
created mechanically by the heavy 
machinery used in reclamation. 
Elsewhere, the layer is due to nature. 
It forms where the newly liberated 
clays become trapped in the soil 
close to the water table in laboratory 
tests, and some way below the root 
zone of grasses in nature. 

Many researchers seek a 
mechanical engineering remedy for 
this cause of poor drainage on 
reclaimed lands. However, tillage, 
especially deep ripping and 
subsoiling, is not necessarily the 
answer. Its most likely outcome is 
further disruption of the fragile 
minestones, the release of still more 
clays into the soil, hence even greater 
soil compaction. Several workers 
report such findings from studies of 
tillage and mole drainage on surface 
mined lands in Wales. 

Clearly, a different approach is 
needed, a system which works within 
nature rather than outside it. In 
Wales, John Scullion leads the way. 
His research involves inoculating 
surface mined lands with 

earthworms. Sown in strips by the 
thousand, these earthworms tunnel 
through the soil, reducing 
compaction. In addition, secretions 
from their skin and gut help stick 
newly liberated clays into stable soil 
crumbs. In natural soils, many clay 
particles are held in these larger soil 
structures. Among the main 
stabilising agents of soil aggregates 
are the mucus, polysaccharide, 
secretions of soil organisms. Soil 
aggregates enriched with such 
organic materials are better able to 
resist disruption by wetting and 
mechanical disturbance. Soils which 
include a larger proportion of water
stable aggregates have a more open 
texture, lower bulk density, greater 
porosity, better water holding 
capacity, and they provide a better 
environment for life than those which 
are more dense and more readily 
compacted. 

Earthworm inoculation, however, 
is not the only way of increasing soil 
stability and boosting the activity of 
the soil organic system. My team is 
trying to adapt the ancient and 
traditional technique of long rotation 
forest fallowing to regrow soils in and 
on surface mine spoils. Our idea is to 
use trees to nurse the infant soil 
biological system. Trees are very 
efficient biomass generators. They 
add more organic material to the soil, 
both above and below ground, than 
other plants, and they are associated 
with a relatively large array of soil 
organisms. Their deep roots involve 
a greater depth of the raw minestones 
in the soil organic system. They 
loosen the soil and, with a little 

encouragement, may be able to 
penetrate to the less compacted soil 
layers, beneath the 'cap' of trapped 
clays, which begin at depths of about 
60 centimetres into the ground. 

The technique was suggested 
during a 1986 British Council 
sponsored study tour. Its aim was to 
discover the character of land 
reclamation thinking in the former 
socialist countries. In Bulgaria, work 
on the 'biological recultivation' of 
mine spoils has a long history. 
Bulgaria has a shortage of topsoil. 
There is sufficient to resoil only sites 
destined for agriculture. In upland 
Wales, in such circumstances, the 
reclamation agencies often try and 
create artificial topsoils from mixtures 
of soil, subsoil, spoil and other 
materials. However, in Bulgaria, 
foresters have managed to recultivate 
the raw mine spoils directly through 
tree planting. The key to their 
success seems to be a carefully 
tailored system of chemical soil 
treatments supported by very dense 
planting of trees. At Pernik's Al. 
Milenkov Mine, forests cultivated for 
15 years on terraced surface coal 
mine spoils have generated healthy 
open-textured soils. 

These soils contrast dramatically 
with those found under grass at the 
Oxford Brookes University research 
sites in Wales. These are located on 
some former surface coal mine sites 
in Cwm Afon Lwyd, on either flank 
of the Big Pit Mining Museum, 
Blaenafon, Gwent. These research 
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Tree roots bring life into mine spoils and 
reduce erosion. Soil losses from this 
tree covered slope on the Pernik 
experimental plot are a quarter of those 
on an adjacent unforested slope, 
(Photo by Martin Haigh) 

So perishes all un-sustained soil conservation engineering works. Here contour 
wattles breakdown on the Pernik experimental plot. (Photo by Martin Haigh) 

sites include land reclaimed in 1948 
at Pwll Du, some of the oldest 
reclaimed land in Wales, as well as at 
Varteg, reclaimed around 1963, and 
at Blaenant, reclaimed between 1975 
and 1986. At Pernik, forest fallowed 
mine spoils have low bulk densities, 
are freely draining, and support a 
healthy soil ecosystem. At Pwll Du, 
grassed mine spoils have high bulk 
densities, low permeability and soil 
ecosystems which may be in 
progressive decline. The question 
asked of Professor Svetla Gentcheva 
and Dr Elena Zheleva of Bulgaria's 
Academy of Forest Engineering was 
"Can the soils at Pwll Du be turned 
into soils like the ones at Pernik?". 
A contract of cooperation was agreed 
that involved setting up soil loss 
monitoring projects in both 
countries, but particularly, Pernik
style biological recultivation trials in 
Wales. A search began for local tree 
species which could do the work. 
Alders were selected, to replace 
Bulgaria's False Acacias, as pioneers 
and nitrogen fixers. Later, at Varteg, 
Welsh Oak volunteered as the final 
crop. 

Since that time, of course, the 
project has become dominated by the 
usual struggle for funding to support 
the work. The international link 
between Britain and Bulgaria has 
benefitted from the long-term and 
patient support of the British Council 
and our two universities. However, 
the project itself is not the kind of 
narrow, reductionist, short-duration, 
academic science that research 
councils prefer. The work is 
multidisciplinary, holistic, long-term, 
and oriented to practice. Perhaps 

government and the coal industry 
should support such work, but 
neither is keen to do so as it turns a 
spotlight on the deficiencies of their 
own work - both seeming more 
interested in land reclamation 
strategies that promise a 'quick fix'. 
Only non-government environmental 
organisations have the vision, stamina 
and comm..1ment needed to support 
our kind or strategic, deep ecological, 
research venture. 

Among these, two have provided a 
life-line which keeps the work going. 
These are the Gaia Initiative of the 
Centre for International Peace 
Building, who provided seedcorn 
funding, and the Earthwatch 
Research Corps. In Britain and 
Bulgaria, our research work is 
sponsored and carried along by 
Earthwlttch volunteers. These are 
environment enthusiasts who, 
donating both their money and their 
time, help us collect and analyze field 
data, conduct field experiments, 
maintain and repair our monitoring 
equipment, and in Wales, plant and 
record our trees. Each year, the 
Earthwatch volunteers pay for our 
main field research camps. Each 
year, the volunteers provide the 
injection of energy and enthusiasm 
that helps the full-time research team 
struggle through intervening months 
of battering from a cynical, 
sometimes hostile, professional and 
academic world. Some volunteers 
return, year after year, to record the 
slow struggling growth of the trees, 
some continue to help our work 
between camps, doing data coding, 
giving talks, writing articles, and 
helping to get our message across. 

Forest tallowing 

Our message is the ecological 
maxim that Zzfe tends to create a better 
environment for life itself. We argue 
that, beyond a certain critical mass, 
an active soil biological system will 
overcome many of the negative 
physical and chemical conditions in 
reclaimed lands that result from the 
accelerated weathering of newly 
exposed coal mine spoils. 
Accelerating biological activity in the 
soil increases the production of 
water-stable soil aggregates and helps 
counter the impact of the progressive 
breakdown of the unstable mine 
spoils. The more clays are bound up 
in soil aggregates, the fewer remain to 
clog soil pores. The soil organic 
system will prevent the soil becoming 
over-compacted and improve its 
capacity for biological production 
and self-regeneration. 

Trees are deep rooting species, 
associated with large populations of 
soil organisms, and the large-scale 
production of organic material. 
Dense planting, perhaps at more than 
one stem per metre, will boost the 
level of soil organic activity, despite 
slow initial rates of growth. 
Colleagues seek to achieve similar 
ends by inoculating coal spoils with 
earthworms, micro-organisms, rock 
flour, or other biostimulators. Some 
use the 'quick fix' of sewage sludge 
and risk creating a legacy of lands 
dangerously contaminated by heavy 
metals. Our inoculum is living forest 
which we hope will act as host and 
stimulant for soil organic activity. 
Our plantings consist of communities 
of native trees and shrubs. These, we 
intend, should mutually reinforce 
each other's growth and, we 
calculate, should become self
sustaining. Our trees begin the 
process of re-establishing the 
biological factors of natural soil 
formation and their shelter allows a 
dramatic improvement in the 
ecological conditions at the spoil 
surface. In time, the trees will self
create a new topsoil, in and above the 
surface layers of the mine spoil, 
which will not need human 
intervention to preserve its vitality. 

The notion of forest fallowing 
surface coal mined lands goes back to 
the pioneering work of Dr Grandt in 
Illinois. He proposed economic 
arguments suggesting that once land 
had produced a demanding and high 
value crop, such as coal, it should be 
allowed to rest and recover. My own 
experience in Oklahoma highlighted 
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the importance of forest fallowed employed in 'once and for all' practitioners learning to work, not 
surface mine disturbed lands for land reclamation. as the controllers, but as the servants 
nature conservation. Oklahoma's of nature. In Wales and Bulgaria, Neil Glasser and Roger Key,Managing caves for 
naturally forested strip mine spoils 2. Some land reclamation is our team is trying to discover what 
offer complex habitats of forest, grass sustainable. This employs these duties involve. English Nature 
and wetlands. They support great engineering measures which nature conservationbiodiversity and are havens for contain the problems caused by 
wildlife in a sea of managed ranch the disruption of the natural Further reading and clastic sediments (such as cave illegal intentionally to kill, injure or

Caves are an often forgotten land. In Wales, new forests system - and which will continue 
earths and cave muds) can be used take any bat, or to disturb thempart of our natural heritage.dominated by deciduous, native, tree to do so for as long as those Gentcheva-Kostadinova, Sv. & 

whilst roosting. It is also an offenceby scientists studying subjects as Yet the undergroundspecies may also help restore the structures are sustained by repair Haigh, M.l 1988. Land 
to damage, destroy or obstruct accessdiverse as mineralogy, palaeontology, environment of cave systems, theiraesthetic appeal of a landscape and management. Such reclamation and afforestation 

hydrology and geomorphology. Cave to any place used by bats forinternal natural features and theirnotoriously devastated, and measures include the buttress research on the coal mine disturbed 
roosting. In England, English Naturewildlife are an exciting and beautiful entrances have long been used asdeforested, by its industrial past. walls which reinforce landslide lands of Bulgaria. Land Use Policy 
must be consulted over any proposedpart of the natural landscape. Caves shelters by both man and animals,Many believe that the future prone slopes, the bunds, dykes, 5(1),94-102. 
alteration to a site known to be usedare valuable as a scientific, aesthetic and may also be rich prosperity of South Wales depends and armoured channelways that 
by bats, and in Scotland and Wales,and recreational resource. There are archaeologically. Animal and plantupon its ability to become, once control stream flow and flooding, Gentcheva-Kostadinova, Sv., Scottish Natural Heritage and thesix main areas of cavernous limestone remains washed into cave systems again, known as a place of natural and applied topsoils which can be Haigh, M.l & Zheleva, E. 1993. in the British Isles - County through these entrances are used by Countryside Council for Wales have beauty rather than one scarred by renewed and replaced. Reclamation of coal mining lands: similar statutory responsibilities.Fermanagh, County Clare, the palaeontologists t() reconstruct pastindustry. UK and Bulgaria. UN Industry and Very few bats now breed in caves, butPennines, the Peak District, the environments and to glean 3. Some land reclamation aims Environment, 16(3),36. Mendips and South Wales (Figure information about the species which many rely on the undergroundfrom the outset to be selfThe way ahead environment for hibernation and for1). Current estimates give the total lived above ground. Scientists cansustaining. It strives to work Haigh, M.]., Penkov, M., shelter during inclement weather.length of mapped cave passage in the also date the formation of cavewithin nature and to lend aToday, a new land reclamation Gentcheva, Sv., & Zheleva, E. 1994. Cave dwelling bats, such as the two British Isles at a figure of around passages and cave systems usinghelping hand to the reethic is emerging. Increasingly, Reclaiming the Land. Earthwatch horseshoe bats, are threatened by loss 800 kilometres (Chapman, 1993). information obtained fromestablishment of favourabledevelopers are having to offer to Earthcorps Briefing, Fourth Edition. of underground sites and by excessive This figure is probably an speleothems and sediments. ransom and restore previously natural conditions. Its ambition Watertown Ma., USA, 80pp. disturbance. Although it is notunderestimate - with continued caveis to generate a dynamic, selfdamaged lands in order to gain (Contact: Earthwatch Europe, uncommon for bats to wake andexploration, the length of known Cave mammalscreating, organic control systempermission to work new areas. Belsyre Court, Woodstock Road, move their roost during thepassage is always on the increase, andthat can transcend the crudeHowever, the new ethic is built on Oxford OX2 6HU) hibernation period, it can be verythe figure only includes those Caves also provide an importantartifice of its early nursemaid.two optimistic foundations. The first 
damaging for them to wake atpassages which are accessible to man. habitat for wildlife, including Such measures include forestis that society accepts the moral duty Haigh, M.l 1993. Surface unscheduled times. A conservation There are many hundreds of protected species such as bats. Batsfallowing and some of the otherof restoring damaged environments. mining and the environment in code has been produced for those kilometres of cave passage below are protect~p by the Wildlife andstrategies called 'bio-' or 'ecoThe second is that humanity is Europe. International Journal of wishing to use caves where bats mayhuman dimensions which remain Countrysit'fe Act 1981, and it is engineering' .capable of reconstructing those parts Suiface Mining and Reclamation, 7(3), unexplored. be present, and this stresses theof nature which have become 91-104. importance of leaving hibernatingThe majority of accessibledegraded. However, in the ultimate Today, more people are 

bats undisturbed (NCC, 1990).caves in the British Isles are analysis, most land reclamation questioning the ethos of modem Haigh, M.l 1992. Degradation of formed by the natural solution ofremains based on the assumption, technology that has created the myth 'reclaimed lands' previously limestone along cracks and joints, Cave insectseither that human endeavour shall of the 'technological fix'. Many rate disturbed by coal mining in Wales: creating an underground networkcontain natural proces'ses eternally or, our society's faith in the power of Perhaps. the lesser known causes and remedies. Land of caverns and passages. Due tothat it will contain them long enough technology as a causal factor in inhabitants of caves are theDegradation and Rehabilitation, 3 (3), differences in geological history, for nature to return, reconstitute environmental degradation, since it 169-180 (and 154). various invertebrates found climate and topography, the ratesitself, and take over the duty of land lulls us into treating natural underground. In the British Isles, of cave formation are not uniformpreservation. Unfortunately, in some processes with less respect than they Haigh, M.l 1976. Environmental there are very few species which and may vary even over relatively cases, unaided natural processes are require. However, fewer people now problems associated with the live exclusively in caves - those short distances. These caves are, unlikely to oblige. Indeed, the role of believe that gaining control of reclamation of old strip mined land. which do are freshwater therefore, all at different stages in natural weathering can be very nature, or substituting technological Oklahoma Geology Notes, 36(5) crustaceans (shrimp-flea andtheir 'life cycle', and contain adamaging and not just for reasons of control for the rule of nature, is (Oklahoma Geological Survey), water-flea -like creatures) which series of distinct habitats whichchemistry. necessarily progress. 200-202. inhabit underground water. One,may be exploited by a great Currently, land reclamation Engineered landscapes are the shrimp-like Niphargellusvariety of biota (Figure 2). Caveprojects seem to adopt one of three created as artifacts. Artifacts do Scullion, l 1992. Re-establishing glenniei, is not found anywhere in conservation seeks to safeguard different approaches to the problem not repair, reproduce or otherwise life in restored topsoils. the world other than in a handfulthe many different geological andof waiting for nature. seek to preserve themselves. Unlike Land Degradation and Rehabilitation, of cave streams and river gravels geomorphological features andnature's living systems, they must 3(3), 161-168 (and 154). in Devon. It is probably endemicspecies of wildlife which are found1. Some land reclamation is be sustained by regular human to the British Isles and so we have underground.cosmetic. It disguises the intervention. Sustained investment a special responsibility to Van Breemen, N. 1993. Soils as problem temporarily but, its in preserving thousands of hectares conserve it. biotic constructs favouring net Cave geology and 
owners hope, long enough to get of reclaimed lands in upland Most other frequent caveprimary productivity. Geoderma, 57, geomorphologythem off the hook and, perhaps, Britain, however, is not a task dwelling invertebrates can 183-211.long enough for the problem to future generations may wish to have In terms of their geology and occasionally be found in other 
solve itself. Their dream is that thrust upon them. Successfully geomorphology, caves are a places, most commonly around or see for yourself in: nature will come to the rescue reclaimed land must be self unique repository of information springs or seepages where there is 
before the weaknesses in their sustaining. Self-sustaining about past climates and landscape easy contact with the outside 
artifice are exposed. Such behaviour is a particular property of Central Office of Information Films change. The information world. The above-ground fauna 
measures include the temporary natural systems and only nature can 1993. Perspective - Repairing the contained in speleothems (the of such places, especially insects 
drains or thin (but expensive) perform this trick. The future of Damage. (Contact: Col Films, name given to cave decorations such as ground, rove and water 
topsoil layers which are often land reclamation depends on its Hercules Road, London SEl 7DU).• such as stalactites and stalagmites) beetles, sometimes also venture 
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The fascinating and vulnerable beauty of caves is 
illustrated by these stalagtites in Knock Fell 
Caverns, Cumbria. The distinctive red colour is the 
product of mineral staining. (Photo by Tim Elliot) 



underground and are most often 
found close to cave entrances. Two 
species which are found throughout 
cave systems are the large cave 
spider, which forms webs across 
underground cracks and crevices, 
and a small fungus-gnat, which 
makes slime tubes on damp surfaces 
in caves and is related to the 
spectacular cave glow-worms of the 
tropics. Both of these creatures are 
also found in other underground 
places such as mines, and even in 
dank cellars or under stream bridges. 

Caves are also important 
hibernating or aestivating sites for 
many insects which are normally only 
associated with the outside world. 
Butterflies (such as the peacock and 
small tortoise shell) and the herald 
moth are often found covered in 
condensation on cave roofs in winter. 
Many species of spring or autumn
flying flies spend the heat of the 
summer in the relatively even and 
cool temperature of caves. 

Threats to our 
underground heritage 

The main threats to our 
underground heritage can be divided 
into those originating from internal 
pressures and those originating from 
external pressures. Internal pressures 
arise from the use and exploration of 
caves and cave systems by scientists 
and recreational cavers (Huppert et aI., 
1993; Huppert, 1994). Over-use of a 
cave can result in damage to individual 
passages, to fragile cave sediments and 
cave decorations, and in disturbance to 
cave wildlife such as bat roosts or 
insect habitats. Based on the total 
membership of caving clubs, it is 
estimated that up to 30,000 people in 
the British Isles may go caving each 
year (Ford 1990). Activities such as 
blasting or digging have obvious 
detrimental effects on the pristine cave 
environment and its habitats, 
particularly on hibernating bats. 
External threats are related to activities 
which change the internal composition 
of the cave system through alterations 
to water levels, chemical content or 
sediment supplies. Any such activity 
within the hydrological catchment can 
affect the cave, including pollution 
incidents and changes in groundwater 
flow, run-off, agriculture and 
quarrying. The effects of these 
activities are reviewed in detail by 
Hardwick and Gunn (1993). 

Cave conservation 

In England, caves are protected by 
English Nature for both their wildlife 

•
 

The cave spider Meta menari is regularly found in webs in the corners of caves or 
across cracks. It is one of our biggest, up to 15 millimetres in body length. 
(Photo by Roger Key) 

interest and their geology and 
geomorphology. There are 36 cave 
Sites of Special Scientific Interest 
(SSSIs) in England selected by the 
Geological Conservation Review 
(GCR) for geological reasons, and 
many more protected for their insect 
or bat interests. In reality, however, 
there is obviously a great amount of 
overlap between these designations, 
since the GCR sites may also contain 
significant populations of many cave 
biota. The cave GCR sites were 
selected with the 
advice of local 
cavmg groups, 
national bodies 
such as the 
National Caving 
Association 
(NCA) and 
scientific groups 
such as the British 
Cave Research 
Association 
(BCRA). The 
results of this 
exercise are 
summarised by 
Waltham (1983). 

Many of the 
external threats to 
cave SSSI are 
countered through 
the statutory 
planning process. 
Statutory 
consultees, such 
as English Nature 
and the National 
Rivers Authority, 
can take steps to 
ensure that 

potentially damaging operations are 
controlled, and that caves and cave 
systems are not adversely affected by 
development. Combaning the 
internal threats is more difficult, since 
it is not possible to 'police' 
threatened areas of cave passage. In 
cases where there is restricted access, 
this can be used to limit the size and 
number of parties using the cave. 
The key to successful cave 
conservation is education, and several 
documents have been produced with 

~
 

this aim in mind (NCA, 1986; 
Wright and Price, 1991). Our 
underground heritage will only be 
fully safeguarded if cave users as 
individuals accept that cave 
conservation lies in their hands. 
These individuals, along with their 
parent caving clubs, must take more 
responsibility for cave conservation 
if internal threats are to be tackled 
with any success. 

Cave conservation plans 

In order to help cave users 
protect the underground 
environment, English Nature is 
promoting the use of cave 
conservation plans. The 
fundamental principles behind these 
plans have already been explained 
and are accepted by the majority of 
cave users (Wright and Price, 1991). 
Cave conservation plans involve a 
four stage process of: 

•	 Documenting the scientific 
interest of the cave 

•	 Describing the threats to this 
interest 

•	 Recommending action to protect 
the cave from any threats 

•	 Monitoring the cave to assess the 
effectiveness of the action. 

The concept of producing cave 
conservation plans is central to the 
NCA's newly-published cave 
conservation policy (NCA, 1994). 
Together with the NCA, English 
Nature is promoting the concept of 
such plans within the caving 
community by encouraging their 
production for cave SSSIs, with 
English Nature helping to fund 
caving groups to undertake this work. 
Four plans have already been 
produced, with the specific aim of 
obtaining a spread of caves in 
different geographical regions. This 
allows the whole spectrum of 
different cave types, different 
pressures, different threats and 

different users to be identified as a 
model for future plans. 

The future 

Cave conservation plans will form 
the basis for the management of our 
underground heritage. The aim is to 
initially produce plans for all cave 
SSSIs, and then to widen their scope 
to include non-statutory cave sites. 
The plans will integrate the 
management of caves for geology 
with management for wildlife and, 
hopefully, will help to safeguard their 
nature conservation value for the 
future. 
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Figure 2. Typical cave habitats and structural features in an English limestone 
upland. The main areas to note are the swallow holes, the open caves and their 
connecting passages. (After Chapman, 1993) 

Figure 1. The location of the six main cave areas in the British 
Isles. (After Chapman, 1993) 
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anoxic conditions results in the and Pennines, for example 
English Heritage and English Nature 
from a site of this nature. While 

survival of huge quantities of data concentrates the mind on the proper 
which simply do not exist elsewhere. targeting of resources for research 

this case, coastal change sites can From the prehistoric trackways into, and management of, these 
bring conflict where geologists have across the Somerset Levels, through elements of our industrial heritage. 
an interest in the continuing process the preservation of 'Lindow Man' Here again, close collaboration with 

Geology and archaeology are in agreement on the approach in 

(and his contents), to the major geologists to ensure compatibility ofin partnership Henry Owen-John, English Heritage of exposure through erosion, and 
archaeologists may wish to protect prehistoric settlement of Flag Fen in measures to manage the 
archaeological deposits from loss, at Cambridgeshire, the range of archaeological and geological 
least where it is' practical to do so. archaeological evidence is stunning. resource will be important.nglish Heritage was established well as the specific geological appreciation on the part of the two 

This evidence is every bit as much at There are other areas which showAt sites such as Hengistbury Head inby the National Heritage Act interest. bodies' staff of each other's interests. 
risk as the range of nature a co-incidence of interest betweenDorset, where in the past there has1983 and came into being in While there are several examples Clearly there remains room for 
conservation interests - from geology and archaeology which Ibeen active encouragement ofApril 1984. Its principal duties of successful collaborative projects improvement, and drawing local 
formation processes to wildlife  have not touched on in this article erosion and accelerated loss ofunder the act include the between archaeologists and authorities and voluntary 
which is why English Heritage for example, the Palaeolithicimportant archaeological deposits,preservation of ancient monuments geologists, sometimes archaeological organisations into the liaison process 
continues to invest heavily in archaeology of river gravels. I do,the conflict can be amongst the mostand historic buildings, the research which could have benefitted is equally important. Although in 
wetland studies. The basic approach however, hope that even the verydifficult to resolve.preservation and enhancement of from a stronger geological some areas there are long-standing 
has been one of comprehensive cursory overview of some of the areasconservation areas, and the component, and vice versa, has been track records of productive 
archaeological research on which to of mutual interest betweenpromotion of public enjoyment and undertaken. There is also potential relationships (at county level in 
base proper management strategies archaeology and geology will haveknowledge of the built heritage. for sharing relevant experience on particular), this is not so across the 
which attempt to conserve the key helped to set the scene for moreOne of the biggest areas of overlapThe instant image that these conservation issues to mutual whole of England. 
components of the archaeological detailed pieces of work which willbetween archaeology and Quaternaryduties conjure up is one of an advantage. Liaison between So what are the main areas where 
resource. The scientific complexities follow in future issues of Earthgeology is in the field of cave studies. organisation which deals with castles, archaeological organisations and the there is an overlap of interest? The 
of effective conservation make this Heritage.•Where pre-Holocene depositsabbeys, stately homes and historic broad range of nature conservation remainder of this article summarizes 
something which iscontain evidence for human activity,town centres. While this is certainly interests (including botanical, some of these and seeks to illustrate 
easier to set out ontheir study is indivisible from atrue, it is far from being the whole ecological, etc) should at least avoid them with brief details of individual 

proper understanding of, for paper than topicture. English Heritage's work on the pursuit of nature conservation cases. 
example, formation processes, and achieve in practice.ancient monuments encompasses driven management measures which
 
environmental and climatic change.
advice to government, organisations damage archaeological interests and,
 
Dating techniques used in the
and individuals on the broad range again, vice versa. In the vast majority 

Eroding coastlines, with the natural sciences can be fundamental Industrialof English archaeology, from the first of such cases, any potential conflicts 
consequent exposure of outstanding to archaeological interpretations, and archaeologytenuous traces of early man through of interest can be avoided if the right 

conversely archaeological techniques,to the present century. Necessarily, geological sections, are often highly 
such as topological categorisation of

people talk to each other at the 
this brings a significant overlap of planning stages of conservation or significant from an archaeological The cO!j€lation 

tools which are known from securelyinterest with those whose primary research work. To set a national point of view. Human activity has between many 
dated contexts elsewhere, can industrial 
provide vital dating evidence for the 

concern is with geology, especially been deeply influenced by changinglead in this field, the Chairmen of 
archaeological sites 

geological strata. In other cases, the
Quaternary studies, geomorphology coastallandforms over time. Thus,English Nature and English Heritage 

and geological 
issues are slightly different. For 

and palaeoenvironmental studies. A for example, on the Northumberlandsigned a joint Statement of Intent for 
interests is clear - so 

instance, at Victoria Cave, near 
quick scan through Issue 2 of Earth coast at Low Hauxley, near Amble,the Conservation of the Natural and 

much of the 
Langcliffe in the Yorkshire Dales,

Heritage demonstrates this - the Archaeological Environment in there is evidence for a Mesolithic 
industrial revolution 

the very finely laminated clays
report on the Den of Boddam is an settlement (perhaps dating to aboutDecember 1992. The statement is 

was based on the 
belonging to the last interglacial 

obvious example (pages 23-25), 5000 BC) exploiting the naturalsupported by action plans which are 
exploitation of 

period display no evidence of human 
while 'Buckinghamshire re resources of a zone where thereviewed on an annual basis, and 

natural resources. 
activity, yet they are overlain by 

discovered' (pages 16-17) deals with already these are paying dividends, contemporary coastline was some 
Extractive operations 

layers deriving from human activity 
lime kilns and historic bridges, as not least through a greater distance to the east; for a Bronze Age 

had, of course, been 
during the Roman period. The

cemetery (second millennium BC) 
in progress for 

unstable nature of a large block of 
when the shoreline was closer at 

thousands of years 
rock, which collapsed from the cave 

hand; and for other periods of 
subsequent human activity, sand before the time when 

roof during or after the end of thedune formation and the present Britain became a 
phase of coastal erosion. This Devensian, therefore causes pre-eminent 

problems both for the archaeologicalsequence would be of interest in its industrial power. 
deposits on top of, and the geologicalown right; but when it is recognised The Neolithic flint 
layers beneath, the block - for whichthat the archaeological deposits mines at Grimes 
a joint solution is currently beinginterleave with peat layers and other Graves in Norfolk 
sought by the cave's owner, the and the stone axesoil formations, which in themselves 
Yorkshire Dales National Park. factories of similarcontain evidence not only for 

environmental change but also for date where suitable 
human influence in that process, raw materials 
then the site assumes major existed, as for 
importance. The active erosion is Nowhere in England is example at Scafell in 
causing loss of archaeological archaeological evidence better Cumbria, are classic 
information, and a programme of preserved than in the major wetlands examples of this. 
investigation is proposed which takes of Somerset, the north west of The extensive nature 
full account of the numerous England, the Fens and the Humber. of more recent 
specialist disciplines which need to The preservation of organic industries - Cornish 
be brought to bear to maximize the archaeological and tin, and the lead of 
information which can be derived palaeoenvironmental evidence in the Peak District 

-
Scafell Stone Axe Factories, Cumbria. A processing area 
within a quarry pit, where 'rough-outs' of the axes were 
manufactured. Processing waste is clearly distinguishable 
from the surrounding coarser material. 
(Photo by J Quartermaine) 

Victoria Cave, near Langcliffe, North Yorkshire. Much of the Quaternary interest 
focuses on the laminated clays partially buried by later rock-falls. Roman activity 
within the cave is attested from deposits on top of the large, now unstable, block in 
the background. (Photo by R White) 
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•A tight scrape In the 
North Staffordshire Coa ield 

etallic Tileries is an 
outstanding Upper 
Carboniferous Site of 

Special Scientific Interest (SSSI) in 
the North Staffo-rdshire Coalfield. 
It is unique in that it exposes a 
rarely seen fossiliferous lacustrine 
facies at the boundary between the 
Etruria and Newcastle Formations 
in the Upper 'Barren' Coal 
Measures, which at this location 
approximates to the Westphalian 
CID boundary. The site is located 
on the periphery of what used to be 
a significant quarry in the Etruria 
Mar!. When the quarry stopped 
working, the 'old marl pit' was 
converted into, what has been 
described in its early days as, a 
rather dubious landfill site. Later, 
ownership of the site changed 
hands and the restored landfill is 
now owned and effectively 
managed by Cleanaway Limited. 

Pat Gossey, Staffordshire University 

Today, the SSSI is located above 
the level of landfill, on the southern 
side of the original 'marl pit' site. 

Since quarrying activity ceased, 
the condition of the remaining 
exposures (which now constitute 
the SSSI) deteriorated rapidly. 
This was partly due to slope failure 
and deep weathering, but primarily 
due to the encroachment of 
vegetation. The deterioration was 
such that, by 1993, most of the 
exposures had become overgrown 
by grass and scrub. At this time, 
increasing interest in the site's 
research potential and educational 
value highlighted the need for a 
major clean-up operation. 

Discussions between 
Staffordshire University, English 
Nature and Cleanaway were 
initiated, and site meetings with 
other interested parties, including 
the North Staffordshire Group of 

the Geologists' Association and the 
City Museum and Art Gallery, 
Stoke-on-Trent, soon followed. At 
an early stage, it was realised that 
the simplest and most efficient plan 
to re-expose the section would 
require the use of a bucket
scraping excavator with caterpillar 
tracking; but how such machinery 
could be put into action safely and 
without damage to the ongoing 
landfilllwaste management 
operations was not immediately 
apparent. Eventually, after 
protracted negotiations with 
Cleanaway, it was agreed that only 
selected areas of the rock face 
would be re-exposed by the 
excavator, and that its route to the 
rock face would have to be very 
precisely defined. These specific 
considerations were necessary in 
order to avoid risk of damage to 
gas monitoring boreholes close 

Excavation and ramp construction at Metallic Tileries. The taped area (right foreground) marks the position of a gas monitoring 
borehole and a prohibition zone for the excavator. (Photo by Pat Cossey) 

Start of the excavation work at Metallic Tileries. The extent of the rock face to be cleared is in the background. 
(Photo by Pat Cossey) 

against the rock-face, to underlying 
leachate drains and gas pipelines, 
and to areas which had been 
recently reseeded. Clearly, the 
restoration of the site was going to 
be a delicate operation. 

Notwithstanding these 
difficulties, the carefully planned 
excavation work was carried out in 
March 1994, with great success. 
An 80 metre length of the rock face 
was stripped clean of vegetation to 
a height of nearly 8 metres. The 
operation was completed in three 
separate sections so as to avoid gas 
monitoring boreholes. The 
resulting work has re-exposed the 
entire succession across the 
Westphalian CID boundary and 
revealed the entire section 
originally recorded from the site by 
Pollard and Wiseman (1971). A 
ramp constructed from the 
excavation spoil now provides 
access to some of the more 
inaccessible parts of the sequence. 

Geologically, the site is vital to 
the understanding of the 
stratigraphic, sedimentological and 
palaeogeographic evolution of the 
north Staffordshire area during 
Upper Carboniferous times. The 

successioJfTecords a transition 
from alluvial plain and lacustrine 
facies, through to fluvial facies. 
The lacustrine facies contains 
limestones and shales with a 
unique assemblage of freshwater 
fossils, including bivalves, 
crustacea, brachiopods, fish and 
algae. While some of the 
limestones have an obvious 
biogenic component within them, 
other u'nfossiliferous and nodular 
developments, resembling 
cornstones, may have a pedogenic 
origin. 

Representative collections from 
the new exposures have been made 
for research and reference 
purposes, and these are currently 

housed at Keele University, 
Staffordshire University and the 
City Museum and Art Gallery, 
Stoke-on-Trent. 

The project was managed and 
coordinated by Pat Cossey from 
Staffordshire University, in close 
collaboration with staff from 
Cleanaway Limited, and with 
financial support from English 
Nature, the North Staffordshire 
Group of the Geologists' 
Association and Keele University. 

Permission to visit the site 
should be sought from the 
landowners and landfill operators 
Cleanaway Limited, The Drive, 
Warley, Brentwood, Essex 
CM13 3BE.• 

Further reading 
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Scotland's first dinosau Flood hIor 
Neil Clark, Hunterian Museum, University of Glasgow 

Margaret Wood and Stewart Campbell, 'or many years, people have by an anonymous collector and, as a Neomiodon rich sediment. on the Great Orme Countryside Council for Wales been searching for the Scottish consequence, a large and significant When visiting the Isle of Skye to 
dinosaur. The small number of proportion of this crucial specimen is study the bone, the shore at Valtos 

localities where rocks of the correct not available for study. Its precise was searched for further dinosaurian ---." he Great Orme rises Trwyn (the headland just to the north changing position of the 
age and environment of deposition Carboniferous shoreline. 
are exposed has contributed to the 

identification to generic level is, remains. The area immediately spectacularly from the west of L1andudno Pier) and are visible 
surrounding the block from whichtherefore, unlikely. sea along the North from many miles away. Much of the 

lack of dinosaur finds in Scotland  the Staffin Museum specimen wasIt is conceivable that the unknown Wales coast and stratigraphic sequence, from the 
until now. The first reported collector misidentifJ.ed the bone, as it collected was examined and a overlooks the Victorian Tollhouse Mudstone at the bottom to 

dinosaur from Scotland was the shows characteristic 'ringing' similar Although the Marine Drive fringes 
early Norian (Triassic) SalLOpus to that found in trees. Such and external molds were retrieved. Llandudno. It is a Country Park, Limestone Formation at the top, can 

number of small fragments of bone watering town of the Asbian-age Great Orme 
the Great Orme at a height where the 

elginensis, collected from strengthening gro\vth rings are found These pieces add to our knowledge Local Nature Reserve and a Site of be viewed from the Marine Drive. spectacular cliffs and seascape can 
Lossiemouth by Heune in 1910. in many limb bones. It is hoped of the missing section, although Special Scientific Interest (SSSI) for its Indeed at Pen Trwyn headland, the both be appreciated, the 
This specimen was interpreted as that, if the collector ever realises the without it one can only guess at the biological and geological features. It l\larine Drive provides an ideal overwhelming consideration of the 
being similar to Proco1'llpsognathus by importance of his or her find, the full length of the bone. has been a tourist attraction for over location for appreciating the Victorian engineers was that of 
Benton and Walker (1985). The It is sad to reflect that Scotland's 150 years and offers a variety of geological history of the Great Orme practicality. For most of its length, 
material, however, is not 

missing section will eventually find 
its way to the Staffin Museum. first unequivical dinosaur bone has activities, including ski and toboggan in a wider setting - the sediments the Marine Drive has been built at 

unequivically dinosaurian and could suffered the fate of so many of our slopes, a cable car, a tramway and the which now form the Great Orme the level where steep limestone cliffs 
represent the remains of an early 

In addition to the Staffin Museum 
specimen, another large piece of the other prehistoric treasures. Surely, now famous Bronze Age copper mines. were deposited on a marginal marine grade into shallower gradient, 

pterosaur or lagosuchid (Norman, same bone was collected by Jan we must take some action to protect Probably the most visited attraction is shelf, intermittently covered by the vegetated scree slopes. Where 
1992). Wolfe of the Oyster Catcher our scientifically important sites the Marine Drive, a narrow road sea and fringed by coral reef mud possible, the road was built directly 

In 1982, a dinosaur footprint was Restaurant, Staffin. It is clear from against irresponsible collecting. It is around the perimeter of the Orme. mounds to the north and east. on solid rock; elsewhere, it traverses 
discovered in the vicinity of the the two fragments that the bone with some relief, however, that This scenic route traverses rocky cliffs Coral-rich limestones are visible on scree and other superficial materials. 
present find, from near the top of represents a limb bone of a large responsible and concerned collectors around the headland which the Little Orme to the east (also a Indeed, although the Great Orme 
the Lealt Shale Formation dinosaur, probably a sauropod. do exist, and inform the scientific demonstrate, superbly, Lower GCR site), while deeper-water appears to consist largely of solid 
(Bathonian, Middle Jurassic) on the The Staffin Museum bone was community of their discoveries. To Carboniferous rocks folded into a north Carboniferous sediments occur rock, loose weathered materials, scree 
Isle of Skye. It is thought to have found on a loose block on the them we owe much praise and east to south west trending syncline. offshore to the north. One of the and glacial sediments cover large 
been produced by a hadrosaur foreshore at Valtos. It is associated gratitude. Designation of large parts of the Great most strikil'lg features of rpe Great areas, nestling in many small valleys, 
dinosaur (Andrews & Hudson, with plant remains and the bivalve Onne as a Geological Conservation Orme's ge'6logy is the cyclical nature such as Hafnant and Happy Valley, 
1984; Delair & Sarjeant, 1985). Ne0711iodoll. This is characteristic of Review (GCR) site reflects the national of the sediments - thick limestone and extending down to sea level in a 
The footprint was collected and is the Valtos Sandstone Formation scientific importance of the Dinantian beds (marine) alternate with thinner, large 'apron' or terrace at Gogarth.References now housed in the Hunterian (Bathonian, Middle Jurassic) and is strata. more rubbly beds (terrestrial It is not clear if the original 
Museum, University of Glasgow. slightly younger than the horizon On 10 June 1993, following a three palaeokarst), recording the ever- engineers were fully aware of the 

Andrews, ].E. & Hudson, ].D. 1984. effects that roadA bone fragment was recently from which the dinosaur footprint hour torrential rainstorm, a First Jurassic dinosaur footprint from discovered here by Dr D Boyd, a (Andrews & Hudson, 1984) was devastating flood hit construction would have on 
ScoEland. Scottish Journal of Geology)sedimentologist from British found. The Valtos Sandstone L1andudno. Its impact on the slope- stability, but a series of 
20) 129-134. ceramic and cast iron 

reported his find to Dugald Ross of derived sediment deposited in 
Petroleum, Aberdeen. Dr Boyd Formation represents terrestrially lives of local residents was 

graphically portrayed in news drains, running through 
the Staffin Museum. The bone had deltaic lagoons (Bell & Harris, Bell, B.R. & Harris, ].W. 1986. An reports over the following superficial sediments in 
been severely damaged 1986). The ends of the bones have Excul"sion Guide to the Geology of the weeks. Less well-known is the gullies and under the road, 

been severely eroded due to being Isle of Skye. Geological Society of effect the rains had on the were clearly designed to 
Katy Bracken, Sarah transported in sandier and more Glasgow, 317pp. Great Orme itself - a series of keep water and debris from 
Shore (centre) and 

massive landslides swamped the road surface. Inevitably,conglomeratic material within theRichard Bracken, all Benton, M.J. & Walker, A.D. 1985. the Bronze Age copper mines, cutting the road into solid from Spean Bridge, 
Palaeoecology, taphonomy, andwith a bone fragment while the Marine Drive was rock and superficial 

from Scotland's first dating of Permo-Triassic reptiles inundated by landslide debris materials alike has led to 
dinosaur. from Elgin, North-East Scotland. and had to be closed to tourists slope instability, and 
(Photo by Neil Clark) Palaeontology) 28, 207-234. constant maimenance has 

been required to combat 
Delair, J.B. & Sarjeant, W.A.S. 

for around nine months. 

subsidence and to keep the 
1985. History and bibliography of Marine Drive free from 
the study of fossif vertebrate rock-falls. In recent years,i\rlany exposures and
footprints in the British Isles: several major repairs have outcrops are needed to piece 
Supplement 1973-1983. been carried out - the together the full stratigraphic Palaeogeography) Palaeocli1'l1atology vertical cliff face to the story of the Great Orme. For
and Palaeoecology, 49, 123-160. south of the turn-off to Stgeologists, the Marine Drive 

Tudno's Church has beenallows examination of strataNorman, D.B. 1992. Problematic cut back to counterexposed in sections cut during Theropoda: "Coelurosaurs". In: subsidence, with a channelits construction and inWeishampel, D.B., Dodson, P. & at its foot to collect rock-fall adjacent natural 'stepped' Osmolska, H. (eds.). The Dinosat.l1"ia. material. Elsewhere, wire exposures. The latter are University of California Press, 280
especially prominent near Pen305.• 
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An aerial view of the Great Orme taken from a height of about 
700 metres almost exactly a year before the catastrophic floods 
of 1993. A major repair to the Marine Drive is marked by an 
apron of debris (A) which has since been landscaped and re
seeded. The Gogarth terrace is shown clearly by an area of 
houses and gardens (B-C). (Photo copyright Geonex UK) 
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The south west facing slopes of the Great Orme, showing houses built on the Gogarth 
terrace. A large trail of debris has been swept downslope across the Marine Drive 
and can be seen from many miles away - in this case, from the east side of Llandudno 
golf course. (Photo by Stewart Campbell) 

mesh has been used liberally to 
contain falling rocks. 

Although wire mesh, gabions, 
fences, retaining walls and other 
'engineering solutions' have often 
masked rock exposures and left 
geologists somewhat crest-fallen, the 
death of a visitor a few years ago, 
caused by falling rocks, has rightly 
pushed safety aspects to the fore. 
Detailed consultations between the 
local authority and conservation 
groups, including the Countryside 
Council for Wales (CCW), usually 
ensure that the appropriate balance 

Broken cast iron drain pipes above the 
Marine Drive, near St liudno's, appear to 
have focused erosion and contributed to 
events of 10 June. 
(Photo by Stewart CampbelQ 

between safety and conservation is 
maintained and that, wherever 
possible, access to geological 
features is enhanced. 

The events of 10 June 

The heaviest local downpour ever 
recorded occurred on 10 June 1993 
and lasted for three hours. As a 
result, Llandudno was severely 
flooded and superficial deposits on 
the Great Orme quickly became 
waterlogged and unstable. Large 
gashes, still visible from the A55 near 
Penmaenmawr, opened up on the 
slopes of the Great Orme as torrential 
streams cut into scree and other loose 
materials. Mud and boulders were 
carried large distances, and the 
combined effects of water and mass 
sediment movement caused major 
breaches in the Marine Drive, its 
foundations and seaward \\Tall. In 
several places, the road was 
undermined, collapsed and was 
carried downslope. In others, such as 
below Hafnant, debris containing 
boulders up to 1.5 metres in size was 
flushed from gullies and along the 
road for several hundred metres. The 
resultant debris stream from Hafnant 
was over 1 metre deep in places and 
left the road completely impassable. 

The scale of these events is 
probably without parallel in Britain 
today. When the local authority 
inspected the damage, 24 separate 
failure sites were identified, and 
officials waited with baited breath to 
hear of missing persons or injuries. 

Even during the cleaning-up 
operations months later, there were 
fears that bodies would be found 
beneath the debris - miraculously, no
one was hurt or killed. 

The scientific dividend 

Although the initial reaction to the 
storm damage was despair, 
considerable geomorphological and 
archaeological benefits have, in fact, 
accrued. The scars and debris flows 
provide a unique opportunity for 
scientists to study the mechanisms 
involved in such catastrophic 
geomorphological events. Detailed 
work by Dr Kenneth Addison of 

Details of the debris flow across the 
Marine Drive. The material' consists 
almost entirely of limestone scree in a 
matrix of silt, apparently flushed from 
scree deposits further upslope. 
(Photo by Stewart Campbell) 

Wolverhampton University and St 
Peter's College, Oxford, started 
immediately after the floods and is still 
continuing. His geomorphological and 
geotechnical investigations should 
establish the full nature and extent of 
mass movements, which can then also 
be related to comparable events 
preserved in the rock record around 
the Great Orme. The abundance of 
individual sites has also provided 
ample project opportunity for students 
from both institutions. Newly exposed 
materials in gullies and in the heaps of 
re-deposited sediment on the Marine 
Drive provide an unparalleled 
opportunity to study thresholds of 
slope instability and the mechanisms of 
sediment transport at first-hand. 

Fabric and particle-size analyses and 
morphological mapping exercises 
should allow a precise reconstruction 
of events, and point the way to more 
effective engineering practices and 
safety measures in the future. 

Initial observations suggest that, 
although the slope failures were all 
triggered by the same mechanism, 
namely prolonged heavy rainfall, the 
nature and local circumstances of each 
failure are highly individual. At 
Hafnant, for example, the valley 
appears to have focused flood water, 
allmving its existing contents of 
boulders, scree and finer-grained 
materials to be 'flushed' onto the road. 

1 At other locations, loose material 
appears to have been dislodged from a 
substrate of tufa or limestone 
pavement; in others, broken Victorian 
drains seem to have provided the focus 
for erosion. What is certain is that a 
complex series of processes was in 
operation. While some materials were 
entrained and deposited fluvially, 
others moved downslope en masse, 
lubricated but not borne by water. It 
is equally clear that the events of 10 
June were not unique. A close 
inspection of superficial materials 
fringing the coastal slopes of the Great 
Orme shows that they may consist 
partly, or in some cases even largely, of 
debris carried by a succession of mass 
flows dating back to the end of the last 
Ice Age, perhaps over 10,000 years 
ago. 

The large 'apron' of superficial 
material below Gogarth Abbey has 

Massive subsidence of the Marine Drive 
on the north side of the Great Orme. 
Large slabs of tarmac have been swept 
downslope by the force of water and 
sediment. (Photo by Stewart Campbell) 

This debris flow did little real damage, and residents below on the Gogarth terrace 
were lucky it stopped where it did. (Photo by Stewart Campbell) 

long aroused scientific interest, and 
while much of the material in it may be 
glacial in origin (Fishwick, 1977), it is 
quite likely that the bulk is not in its 
original position, having been 
reworked from the steep slopes above 
by a range of gravity, freeze-thaw and, 
perhaps, mass flow processes. Such is 
the value of the Gogarth terrace that it 
is to be de§...itnated as one c:1f the first 
RIGS (Regionally Important 
Geological/geomorphological Sites) in 
North Wales by the Gwynedd RIGS 
group. 

The tufa deposits revealed by the 
events of 10 June have also elicited 
much interest. Not only do they 
contain land snails, with potential for 
dating the deposits and previous mass 
flow events, but fragments of Bronze 
Age bone tools have been found, 
stimulating members of the Great 
Orme Mines Exploration Society to 
search more widely in the area. With 
the development of the Great Orme 
l\lines as a major archaeological and 
tourist attraction in the last few years, 
there has been a growing realisation 
that the activities of Bronze Age man 
were probably much more widespread 
on the Great Orme than previously 
thought. It is likely that smelting of 
copper ore took place near to the 
mines, although no direct evidence 
for this has yet been found. Charcoal 
would have been used for smelting 
and tree cover on the Orme may have 
been reduced by 70%. It is also 
highly probable that a large and 
complex industrial society and 
infrastructure were present on the 
Great Orme during Bronze Age 
times, around 3,000-4,000 years ago, 
and the recent finds afforded by the 

slope failures of 10 June enable yet 
another piece of the Bronze Age 
jigsaw to be put in place. 

Repairing the damage 

Prior to the floods, 18,700 cars had 
travelled around the Marine Drive in 
1993 - a typical annual total for recent 

Construction of new foundations to 
support the road and retaining wall at 
the site of subsidence of the Marine 
Drive. (Photo by Stewart Campbell) 
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Another huge scar caused by the floods 
of 10 June. Much material from the 
slope failure above remains on the road. 
(Photo by Stewart Campbell) 

years is about 80,000 cars. Following 
the floods ofJune 1993, potential 
visitors, shocked by the media 
portrayal of a devastated Llandudno, 
kept away from the town, with 
disastrous effect on local hotels and 
amenities. Although access to the 
summit of the Great Orme was still 
possible by car, the tramway was out 
of action for a month and the Bronze 
Age copper mines took as long to 
become fully operational again. 
Damage to the 1\\arine Drive was a far 
larger and potentially more intractable 
problem. 

At first, it was thought that damage 
to the ?vlarine Drive was so extensive 
and costly to repair that it would have 

The infamous Hafnant gully. The human 
figure gives some impression of the size 
of material that was flushed from this 
valley and along the Marine IDrive for 
several hundred metres. 
(Photo by Stewart Campbell) 

to be closed for ever. However, a 
government grant covering 80% of the 
cost was forthcoming and plans to 
repair the damage were initiated. The 
main aim was to effect the repairs 
without altering the overall 
appearance of the route and without 
damaging geological features of 
interest. A second requirement was 
that, where the road had collapsed, 
new foundations should be laid onto 
solid rock wherever possible. Close 
liaison between Aberconwy Borough 
Council and CCW ensured that the 
former was achieved, whiie a range of 
innovative technical solutions have 
seen to the latter. The tender 
specified the removal of 1,900 cubic 
metres of debris from the Marine 
Drive, the placement of around 700 
cubic metres of mass concrete 
structures such as retaining walls, the 
construction of 370 cubic metres of 
facing walls, and the construction of 
around 175 cubic metres of other 
walling. A further specification was 
that substantial quantities of material 
were to be found from the rock debris 
littering the site. 

Repairs began in Autumn 1993 on 
15 major breaches. The road collapse 
on the northern side of Pen Trwyn was 
problematical because bedrock could 
not be reached to lay the new 
foundations. Instead, extensive 
excavations deep into hillside slope 
debris were carried out, and huge 
limestone boulders from the debris 
flow, together with many tons of 
concrete, were used to establish a new 
foundation. Finally at this location, a 
new massive retaining wall was 
constructed, some 10 metres long and 
4 metres high. Elsewhere around the 
Marine Drive, similar repairs were 
effected, using boulders and cobbles 
from the debris flO\vs to construct new 
foundations and repair collapses in the 
seaward retaining wall. New stronger 
drainpipes were laid under the road at 
many locations, as well as through the 
retaining walls - many of these now 
discharge further downslope. Finer
grained debris from the flows, not used 
in the repairs, \vas removed to a tip in 
Llandudno. Engineers also took the 
opportunity to improve some older 
repairs, with a large 'apron' of coarse 
material dumped below St Tudno's 
being landscaped and re-seeded with 
an appropriate grassland mix. 

Repairs were completed by the end 
of April 1994, and the Marine Drive 
was re-opened in time for summer 
visitors. By July 1994, some 19,200 
cars had passed through the toll gates 
on the Great Orme. The estimated 
revenue from the Marine Drive for 
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IHere, the Marine Drive has fallen away 
almost completely. Massive concrete 
foundations are being laid to enable the 
road and a new retaining wall to be 
constructed. (Photo by Stewart Campbell) 

1994 is likely to be around £1 05,000, 
while the full cost of the repairs has 
been about £250,000. 

Although the storms and floods of 
June 1993 caused temporary 
devastation on the Great Orme, the 
long-term results, cost excluded, have 
all been positive. The Marine Drive is 
now fully repaired, and hopefully 
stronger and safer. Huge amounts of 

One of the erosional scars beneath 
Hafnant showing the newly
reconstructed retaining wall with in-built 
drains. (Photo by Stewart Campbell) 

Llandudno 
0.5 lkm 

I 

N 

i 
The location of gullies and mass sediment movements on the Great Orme initiated by the floods of 10 June 1993. 

o 
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One of the mass flows on 10 June 
reached the edge of the coastal slope 
and must have disgorged its contents 
Into the sea. The fossil deposits in the 
gully show that similar catastrophic 
processes have probably been operating, 
albeit periodically, over many thousands 
of years. (Photo by Stewart Campbell). 

evidence have been afforded about 
geomorphologi'cal processes, and 
new archaeological finds have 
helped in reconstructing the 
environment and times of Bronze 
Age man. Overwhelmingly though, 
the events of 10 June have 
highlighted the importance of 
catastrophic geomorphological 
events in shaping the landscape. 
Continuing research on the slope 
failures is likely to shed further light 
on the development of the Great 
Orme since it was submerged 
beneath ice some 18,000 years ago. 
Recent events also show that the 
effects of modern man, in 
conservation terms, have been 
relatively slight with respect to the 
massive natural and often 
catastrophic forces that have shaped 
the land of the Great Orme in the 
past and \vhich, periodically as on 
10 June, still do.• 

Acknowledgements 

Information for this article was 
kindly provided by staff of the 
Great Orme Mines, by David 
Ross of Aberconwy Borough 
Council, and by Dr Kenneth 
Addison of Wolverhampton 
University and St Peter's College, 
Oxford. The Maps Department 
of CCW and Sam Larke helped 

with the preparation of 
illustrations. 

Further reading 
Fishwick, A. 1977. The Conway 

Basin. Cambn'a, 4, 56-64. 

Wood, M. 1992. A mine of 
information - the Great Orme Mines 
project. Earth science conservation, 
31, 13-15. 

19



hamicEaThe 
exhibition
 
Geology provides the 

foundation not only for the 
dramatic landscape of 

Edinburgh, but also, historically, for 
one of its prime industries - brewing. 
A ring of breweries grew up around 
the base of Arthur's Seat, based on 
the wells which tapped the high 
quality aquifer at the contact 
between the sandstones and the 
volcanic intrusions. Most of these 
have since been abandoned but, 
when the Holyrood Brewery was 
closed in 1986, Scottish and 
Newcastle Breweries recognised the 
strategic and historic importance of 
this site - it being located at the foot 
of the Royal Mile, beside the Palace 
of Holyrood House, in the shadow of 
Salisbury Crags, and at the edge of 
Queen's Park. 

Rather than placing the site on the 
open market, Scottish and Newcastle 
established a foundation to provide 
generous support for a project, 
worthy of the magnificent location 
and the city, which would represent 
a major new landmark for 
Edinburgh, a n~w visitor attraction 
for Scotland, and an educational 
resource which would promote 
understanding and appreciation of 
the natural world. British Gas also 
made a major contribution and, in 

-


cross-financing with Lothian and 
Edinburgh Enterprise Limited 
(LEEL), the project became an 
element in injecting new life into the 
Old Town of Edinburgh, while 
maintaining its historic integrity. 

The theme for the project had to 
be appropriate to the site, to the city 
of Edinburgh and to Scotland. The 
key lay in the founder of modem 
geology, James Hutton. The son of 
a prosperous Edinburgh merchant 
who was once a City Treasurer, 
Hutton went to the High School and 
then to Edinburgh University, before 
engaging in varied careers. He 
returned to Edinburgh in 1767 to 
devote his life to business, 
scholarship and the company of his 
friends, who were many of the great 
figures of the Scottish Enlightenment 
- men like Joseph Black, Adam 
Smith, Adam Ferguson, William 
Robertson and James Watt. He built 
himself a house on St. John's Hill, 
which is close to the site of the 
project and overlooks Salisbury 
Crags. His contemplation of the 
structure of Arthur's Seat, supported 
by his observations at Glen Tilt and 
Siccar Point, led to his revolutionary 
'Theory of the Earth'. 

Edinburgh also provides an 
evocative setting for the project. 

Firstly, as 
Gordon Craig, 
formerly 
Hutton 
Professor of 
Geology at 
Edinburgh 
University, 
explains 
"Edinburgh 
has been 
shaped by fire, 
ice and water". 
Here, in the 
heart of a 
national 
capital, the 
processes of 
vulcanism, of 
glaciation and 
of erosion are 
clearly 
displayed. 

Sandy Crosbie, Dynamic Earth Project 

Secondly, the Enlightenment was 
characterised by a constant concern 
to understand the world we live in 
not only in its social, political and 
economic organisation, but its 
physical (geological, geographical, 
scientific and medical) aspects - and 
to seek to understand the whole 
pattern rather than any narrow 
specialisation. In the 19th Century, 
many of the pioneers in the natural 
sciences, James Croll, the Geikie 
brothers, and John Murray with his 
remarkable compilation of the first 
Challenger voyages, were linked to 
the city, as well as Patrick Geddes, 
the great generalist with his 
ecological approach and emphasis on 
sustainable development. Today, 
Edinburgh remains a centre of 
excellence for the earth sciences. 

Lastly, Scotland is a superlative 
country for historical geology, there 
being such a wide range of geological 
strata within a very limited space. 
From the Lewisian rocks in the 
Hebrides, which comprise some of 
the oldest rocks in the world, there is 
a temporal sequence extending east 
and south east, down to the raised 
beaches and deposits formed after 
the last Ice Age. 

The exhibition 

The aim of the project - the 
Dynamic Earth exhibition - is to give 
a coherent exposition of the physical 
world, man's place in it, and an 
understanding of its constant 
changes by illustrating global events 
in their local manifestations, and by 
relating local processes to global 
changes. It will also heed Hutton's 
admonition "there is opened to our 
view a subject interesting to a man 
who thinks: a subject on which to 
reason with relation to the system of 
nature: and one which may afford 
the human mind of both information 
and entertainment." 

The exhibition will open with a 
summary of the state of the Earth 
today, with the emphasis on active 
geophysical and meteorological 
processes. Historical geology will be 

the core of the next three sections. 
The first will develop Hutton's other 
great contribution in expanding the 
concept of time, and take critical 
moments in the Earth's history, from 
the creation and evolution of the 
physical world, as an introduction to 
the four major processes 
geophysical, atmospheric, 
hydrological and biological - which 
currently shape the face of the 
planet. Here the past will be used to 
explain the present. 

Plate tectonics, which provides a 
comprehensive model of the Earth's 
internal workings, with the spectacular 
dynamics of earthquakes, vulcanism 
and continental drift, will form the 
next section. One of the two leading 
geologists who took Wegener's 
concept of continental drift seriously 
was Arthur Holmes, also at 
Edinburgh, in his Principles of 
Physical Geology, printed in 1944. 
Edinburgh will be used historically 
to demonstrate that Scotland and 
England were once on different 
continental plates, which makes 
the boundary between the two 
countries physical as well as 
cultural, while remarkable scenery 
elsewhere will be shown to be 
related to plate tectonics. 

The changing geography of the 
Earth resulting from plate 
movements led, in turn, to 
climatic change and glaciation. 
This section will bring the present 
landscape into focus, and leads 
into the first of the free-flow areas 
in the exhibition, the gallery of 
life, where the emphasis will be on 
casualties and survivors. The link 
between the evolution of the Earth 
and life through time includes the 
many mass extinction events 
which have occurred throughout 
the geologic past, and leads to the 
critical question of Man's survival. 
Biological processes have been, 
and remain, responsible for many 
of the dynamic features of the 
Earth; but now Man, in his own 
right, has become a major process, 
for better or for worse, in shaping 
the Earth. 

The next principal component 
will take four major environments 
- the oceans, the Polar regions, the 
grasslands and the equatorial zone 
- to show how the various physical 
and chemical processes interact, 

component will be an auditorium. 
During the day, a 360 degree screen 
presentation will demonstrate how 
the world has always been, and will 
continue to be, subject to hazard 
and change. Frequently unforeseen 
and cataclysmic, their incidence and 
degree are no greater now than in 
the past; but the vulnerability of 
humankind has increased as a 
consequence of population growth. 
At other times, the fully equipped 
auditorium will be used for lectures 
and scientific meetings. 

Finally, an area with interactive 
computers will allow the individual 
to examine themes, both in 
retrospect and prospect, related to 
the Earth. Provision will also be 
available within the Younger Centre 
for short-term exhibitions related to 
the general theme. 

The Old Town of Edinburgh, the site of the Dynamic Earth 
exhibition, against the background of Salisbury Crags and Arthur's 
Seat. (Photo courtesy of Malcolm Fife) 

and the complexities of when they Mount Jefferson in the Cascade Mountains of Oregon 
operate together. Man's role in demonstrates the relationship between plate 

tectonics and scenery. It is part of the active volcanicchanging the face of the Earth will 
chain which includes Mount St Helens. The Metoliusreceive increasing attention in 
River in the foreground emerges, fully formed, fromthese presentations. 
the lava deposits underneath the viewpoint.

Another important (Photo by Sandy Crosbie) 

The Dynamic Earth exhibition 
will be more than a visitor 
attraction. It is also intended to be 
a major national educational 
resource. Two classrooms, one of 
which will be equipped with 
interactive technology, will be 
serviced by a full-time education 
officer with assistants. Some 
100,000 pupils are expected to use 
it each year, and the planning of the 
programmes and materials is 
already being discussed with 
education authorities and teachers. 
Major national organisations and 
scientific societies are also 
collaborating in the provision of 
educational activities in the widest 
sense. 

This educational entertainment, 
however, is not designed to end 
there. It should encourage visitors 

to explore further aspects of the 
Earth, either at the other major 
scientific institutions within 
Edinburgh or by visiting sites 
within Scotland. On the 
doorstep is Arthur's Seat, and 
collaboration with Historic 
Scotland is under discussion to 
enhance the understanding and 
appreciation of the remarkable 
features which it portrays. 
Further afield, the sites which 
are preserved by Scottish 
Natural Heritage will be 
signposted, as well as the new 
Regionally Important 
Geological/geomorphological 
Sites (RIGS) which are now 
being designated. 

The concept and plan has, 
from its initiation, received 
warm-hearted and active 
support from the other 
institutions in Edinburgh, as 
well as the endorsement and 
practical cooperation of the 
British Geological Survey, the 
Meteorological Office and the 
Ordnance Survey. Although the 
exhibition is self-financing and 
will be operated as a commercial 
enterprise, any profits will 
accrue to the Dynamic Earth 
Charitable Trust. The Trust 
will reinvest funds to ensure that 
the exhibition reflects, in the 
Edinburgh tradition, advances in 
scientific knowledge, and will 
provide funds for further 
education purposes. It is hoped 
that Hutton will once again 
exercise his influence, as the 
opening of the exhibition is 
planned to coincide with the 
bicentenary of his death in 
1797.• 
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A Landscape Fashioned by Geology

Scotland's scenery 
explained for the public 

S cotland is rich in its natural 
resources, but pre-eminent 
among this bestowed wealth 

is our landscape. It is the basis for 
one of our most important and 
self-sustaining industries - tourism. 
But alas, most of the visitors who 
come to Scotland to enjoy the 
scenery leave without any 
appreciation of the physical 
processes that have shaped the 
landscape over many millions of 
years. 

The founding legislation of 
Scottish Natural Heritage requires 
it to "foster an understanding of 
the natural heritage of Scotland". 
In partnership with the British 
Geological Survey, we have 
embarked on this process by 
explaining the importance of our 
inheritance of rocks, fossils and 
landforms through a publication 
series entitled A Landscape 
Fashioned by Geology. Already 
three titles have been published, 
covering some of the most visited 
and important geological areas in 
Scotland - Edinburgh, Skye and 
the Cairngorms. Further titles on 

Loch Lomond and the Trossachs, 
Rum, the North West Highlands, 
and Orkney and Shetland are 
currently in preparation. 

Geology is one of the last untold 
stories, as the opaque language of 
the specialist scientist has seldom 
been translated into plain English. 
The unfortunate fact is that the 
earth sciences have, for too long, 
been perceived by many as a subject 
apart - too esoteric for most tastes, 
too specialised, almost too scholarly. 
However, there are still great yams 
around, capable of firing anyone's 
imagination. Plate tectonics and the 
analogy of whole continents drifting 
around the globe like half
submerged croutons in a bowl of 
thick soup, or the re-creation of the 
Edinburgh volcano as it existed 
some 340 million years ago, are the 
kinds of images that we need to 
conjure up if we are to capture the 
attention of a wider audience. 

Many of the geological guides 
published to date assume a degree 
of knowledge and understanding 
that the average visitor to Scotland 
does not possess. We, therefore, 
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saw the need to provide information 
in a more readily accessible form. 
Many of our familiar landscape 
features in Scotland, such as raised 
beaches, glacially moulded valleys 
and volcanic plugs, can be readily 
explained without recourse to 
technical jargon. Marine erosion, 
glaciation and volcanic eruptions are 
familiar concepts which we can use 
to tell the story of landscape 
evolution. The focus is on the wider 
landscape, rather than attempting 
detailed explanations of individual 
rock outcrops. Sales figures to date 
suggest that this approach is 
effective with our target audience. 

In reaching this wider audience, 
we assist the process of garnering 
public support for earth heritage 
conservation. We are establishing 
clear links between familiar 
landscapes and the underlying rocks 
- links that provide the opportunity 
to explain the countryside in terms 
of its geological components and the 
processes that have shaped it, or 
continue to shape it. A greater 
understanding of. our earth heritage 
leads to a better appreciation of the 
need to conserve the best and most 
representative elements of our rocks, 
fossils and landforms. To the three 
Bs in the vocabulary of conservation 
-birds, bees and butterflies - we are· 
now able to add a fourth and fifth 
beds and boulders. 

The three current titles in the 
series are available, by mail order, 
from the Publications Section, 
Scottish Natural Heritage, Battleby, 
Redgorton, Perth PHi 3EW, from 
the British Geological Survey at 
Murchison House in Edinburgh and 
Keyworth near Nottingham, or from 
good bookshops, priced at £1.50 for 
Edinburgh and £2.00 for Skye and 
for the Caimgorms. 

The first three publications in the series 
A Landscape Fashioned by Geology. 
(Pl1oto from Scotllsh Natural Hentage) 
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The Arthur's Seat volcano today 
: 

A reconstruction of the Skye volcano, as it existed some 65 million years ago, with the present 
day erosion level related to its internal plumbing. (Photo from Scottish Natural Heritage) 

One of Edinburgh's most 
familiar views clearly 
explained in terms of the 
ancient volcano that was 
active some 340 million years 
ago. Relating the geological 
environments of the past to 
the present day landscape is 
the basis for the series A 
Landscape Fashioned by
 
Geology.
 
(Photo from Scottish Natural
 
Heritage)
 

Caimgorms: A 
Landscape Fashioned 
by Geology 

Thousands of people 
visit the Caimgorms each 
year to walk, climb and 
ski, and appreciate the 
magnificent scenery and 
wildlife. Few, perhaps, 
are aware of the processes 
that have shaped this 
unique environment. 
This booklet contains 
over 40 colour 
photographs and 
illustrations that bring to 
life an impression of an 
unexpected dynamic 
landscape. 

The booklet traces the 
evolution of the 
Cairngorm mountains, 
from the formation of the 
granite rocks deep within 
the earth's crust some 
400 million years ago, to 
the s~bsequent 

sculpturing of the 
landscape by ancient seas, 
great ice sheets and 
glaciers. The 
modification of the 
landscape continued after 
the ice melted. River and 
slope processes left flights 
of terraces in the glens, 
and debris flow and 
avalanche streaked slopes 
in steep places like Lairig 
Ghru. These processes 
continue today; 
influenced by the vagaries 
of the harsh mountain 
climate, they give rise to 
many fragile landforms 
more often associated 
with arctic environments, 
contributing to the 
reputation of the 
Caimgorms as an 
untamed and sometimes 
hazardous 
environment.• 
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Scottish soils conference
 
Andrew Tay/or, Scottish Natura/ Heritage 

T he third annual conference of 
the Research and Advisory 
Services Directorate of Scottish 

Natural Heritage (SNH) took place 
on 24-26 August 1994 in Ayr. The 
meeting, entitled 'Soils, Sustainability 
and the Natural Heritage', was 
timely, given the increasing attention 
being focused on environmental 
problems associated with our soils 
resource and the greater recognition 
of its natural heritage value. 

The conference had two main aims: 

•	 To provide a forum for raising 
awareness of soils-related issues, 
both within SNH and on a wider 
scale 

•	 To act as a catalyst for developing 
the concept of soil sustainability 
through a more integrated 
approach to soil management in 
Scotland. 

A total of 105 delegates from a 
wide range of organisations attended, 
including many from the main 
centres of soils research in Scotland, 
such as the Macaulay Land Use 
Research Institute (MLURI) and the 
Scottish Agricultural Colleges 
(SACs). Many other.organisations 
were present, including the Scottish 
Office and the Forestry Authority, 
together with a sizeable contingent 
from England and Wales. It is safe to 
say that the meeting attracted the 
majority of British institutions with 
an interest in soils. 

The field visit 

The proceedings got off to an 
excellent, if wet, start, with a field 
visit to SAC Auchincruive, just 
outside Ayr. Around 50 delegates 
braved the torrential downpours to 
enjoy an interesting and informative 
afternoon. Delegates, after a 
welcome by Geoff Barber (Dean of 
Auchincruive), followed the farm trail 
around the Auchincruive Estate, 
taking in a number of discussion 
stops on land use, soil management 
and waste management. Discussion 
extended across a number of topics, 
including agricultural waste 
management systems, farming on the 
Ayreshire clays, establishment of new 

farm woodlands, management of 
conservation headlands in grassland, 
recycling non-agricultural wastes, 
land management strategies to 
promote the development of herb
rich extensive grassland, and the role 
of peat alternatives. Back under 
cover, the participants viewed a range 
of posters that further illustrated the 
work currently undertaken at 
Auchincruive. Thanks are due to 
staff at Auchincruive for putting on 
this event, particularly David 
Merrilees the principal organiser. 

The conference 

Roger Crofts (Chief Executive of 
SNH) officially opened the main 
programme by setting the scene and 
introducing the concept of a 
sustainable soil management strategy. 
George Dunnet (Chairman of SNH's 
Scientific Advisory Committee) 
chaired the first session that began 
with two papers outlining the view of 
SNH. Alan McKirdy and Nicholas 
Gubbins talked about soil 
sustainability and management issues 
in Scotland, focusing specifically on 
SNH's five guiding principles of 
sustainability and how they relate to 
soils. Michael Usher (Chief 
Scientific Adviser of SNH) then gave 
an enlightening presentation on a 
relatively little-known subject, the 
biodiversity of the soil ecosystem. 
Using an imaginary soil column 
beneath a pair of wellington boots as 
a means of illustration, Professor 
Usher showed how little we 
understand about the thousands of 
species beneath our feet, their 
interactions with one another, and 
the effects on the soil ecosystem of 
changes to its biodiversity. 

Donald Davidson (University of 
Stirling) and Chris Smout (Deputy 
Chairman of SNH) began session 
two, the soil resource, by illustrating 
the role of human influence on soil 
development, whilst Mike Billett 
(Aberdeen University) emphasised 
the importance of long-term soil 
monitoring for predicting and 
tackling changes in soil properties. 
Finally in this session, Simon Langan 
(MLURI) and Andrew Taylor 
(SNH) reviewed the extensive soils 
database held by MLURI, and 
presented several actual and potential 

uses for the information it contains. 
Two afternoon sessions looked at 

soil acidification and climate change. 
Simon Bareham (Countryside 
Council for Wales) gave a 
comprehensive account of the effects 
of acidification on soil properties and 
processes. Mark Rounsevell (Soil 
Survey and Land Research Centre 
(SSLRC)) followed with a slightly 
different perspective on soil 
management issues by examining the 
possible effects of climate change on 
soils. 

The final session of the first day 
addressed soil pollution. The effect 
of heavy metals on soils is becoming 
an increasingly important issue, both 
through the consequences of 
industrial and urban development, 
and through greater applications of 
sewage sludge and other wastes to 
land. These subjects were dealt with 
efficiently by Ian Pulford (University 
of Glasgow) and Mark Aitken (SAC 
Auchincruive) respectively. 

A very productive day was 
rounded off with a poster session 
introduced by Magnus Magnusson 
(Chairman of SNH) and sponsored 
by Her Majesty's Stationary Office. 
Eighteen presentations covered a 
variety of topics, such as wet 
heathland restoration following 
opencast mining, soil disturbance by 
mechanical scarification and tree 
wind throw, nitrate leaching from 
grasslands, and background levels of 
heavy metals in Scottish soils. 

The final day started with a 
special presentation by Professor 
Frans de Haan (Wageningen 
Agricultural University, 
Netherlands). The Netherlands has 
some of the most advanced soil 
protection legislation in Europe and 
Professor de Haan gave an 
enlightening account of the successes 
(and some failures!) of the various 
measures. A brief summary bf soil 
protection in some other European 
countries, and consideration of the 
relevance and applicability of these 
to Britain, completed an impressive 
presentation. 

No conference on soil 
management would be complete 
without considering the two main 
land-uses in Britain - forestry and 
agriculture. Douglas Malcolm 
(University of Edinburgh) looked at 

the ways in which forestry affects the 
development of soil properties and 
processes, and vice versa. Peter 
Pitkin (SNH) outlined the 
agriculture-related policies of SNH, 
explaining the difference between 
intensive and extensive farming 
systems, and highlighting the 
progress of an SNH initiative, the 
Targeted Inputs for a Better Rural 
Environment (TIBRE) project. 

ike Grantham (Secretary of the 
Crofters' Commission) illustrated 
the role that the crofting system can 
play in sustainable soil management. 
lan Grieve (University of Stirling) 
rounded off the session by reviewing 
the key issue of soil erosion. 

The launch, by Magnus 
Magnusson and Chris Wilson (Open 
University), of the Open University's 
Earth Heritage Conservation book 
preceded the final session, which 
began with a comprehensive and 
stimulating paper by Peter Bullock 
(Director of SSLRC) entitled 
'Towards a Soil Sustainability 
Strategy'. This provided the ideal 
introduction to a general discussion, 

chaired by Roger Crofts, framed 
around the following questions: 

•	 What are the key issues that
 
should be addressed?
 

•	 What are the key issues where 
there is adequate existing 
knowledge? 

•	 What opportunities are there for 
changing practice within existing 
assistance schemes or measures? 

•	 How do we translate existing 
knowledge into practical 
guidance? 

•	 What are the critical gaps in our 
knowledge? 

Needless to say, this sparked a 
lively and wide-ranging debate. 
The subject of soil erosion received 
particular attention, reflecting its 
significance in certain parts of the 
country, as did the need for 
environmental education as to the 
importance of soils. The main 
outcome was a general consensus 

that a sustainable soil management 
strategy should be given detailed 
consideration. As a result, a multi 
organisational working group, 
representing the whole range of 
bodies with an interest in soil 
management, is to be convened with 
this aim in mind, with SNH playing 
a key facilitating role. 

By all accounts, the conference 
was considered a major success, 
with some excellent presentations, 
through-provoking discussions 
and high profile attention for the 
main issues affecting soils in 
Scotland today. Most 
importantly, the conference 
provided a platform from which 
to take forward and develop the 
concept of sustainable soil 
management. It is to be hoped 
that staging this conference is 
just the start of a long chain of 
exciting developments which will 
help to elevate soils to their 
rightful place as a key natural 
heritage resource, with sufficient 
and appropriate management to 
secure their long-term 
sustainability.• 

The conference attracted senior representation from Scottish Natural Heritage (SNH) and the Joint Nature Conservation 
Committee (JNCC). From left to right, Professor George Dunnet (SNH), Professor Michael Usher (SNH), Magnus Magnusson (SNH), 
Roger Crofts (SNH) and Lord Selbourne (JNCC). (Photo from SNH) 
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I Chairman) welcomed delegates and 
expressed the view that individual 
groups would be strengthened by 
unity under ~ common bal1,Jler. He 
stressed the'1mportance that CCW 
attaches to the RIGS initiative and 
promised continuing support. This 
was followed by a convivial exchange 
of views and experiences in the 
adjacent bar! 

Saturday's events commenced with 
workshops centred on the chief areas 
of concern: a framework for site 
selection; having classic soil localities 
as RIGS; standardising data forms; 
developing a corporate identity and 
logo (the latter for use on letterheads, 
information boards and site leaflets); 
having a planning and notification 
strategy; and finding ways of 
increasing public awareness and 
funding. The intensity of the 
workshop sessions was relieved by a 
variety of short presentations: Duncan 
Hawley (Powys RIGS) gave an 
illustrated talk on two site 
interpretation schemes - Pwll-y
Wrach and Pales's Quarry; Edward 
Brodhurst outlined the potential and 
problems of having Breakwater 
Quarry, near Holyhead, as 
Gwynedd's first 'developed' RIGS; 
and Geraint Green described his work 
on Conwy Mountain, where the 
possibility of setting-up a 'volcanic' 
geology trail was being explored. The 
desirability of having classic soil 
localities as RIGS was touched on 

irst Welsh RIGS forum-

Stewart Campbell and Margaret Wood, Countryside Council for Wales 

Delegates congregate for a photo opportunity at the start of the Pwyll·y·Wrach 
geology trail. (Photo by Stewart Campbell) 

Although the task of setting-up RIGS 
(Regionally Important 
Geologicallgeomorphological Sites) 
groups in Wales is now complete, the 
six groups established between 1990 
and 1994 have experienced a variety 
of operational problems. The Brecon 
Forum was intended to solve these 
through pooling expertise and 
experience, and to explore, in the 
broadest sense, the possible need for 
developing a Welsh national RIGS 
strategy. The forum was held on 30 
September and 1 October 1994 at the 
Castle of Brecon Hotel - an 
appropriate venue occupying the site 
where Murchison, one of the 
founding fathers of geology, began his 
pioneering work. Thirty eight 
delegates and guests, including the 
Chairman of the Countryside Council 
for Wales (CCW), county council 
planners, wildlife trust members, 
foresters, lecturers, computer experts 
and even a dentist, attended the 
forum, which was chaired expertly by 
Professor Mike Brooks (Chairman of 
Glamorgan and Gwent RIGS). 

The forum was opened on Friday 
evening by Professor Brooks, who 
outlined the aims of the meeting. The 
six RIGS group chairmen then 
introduced their members and 
reported on progress. At the forum 
dinner, Michael Griffith (CCW 

Geological site 
interpretation on 

very year, hundreds of thousands 
of people in Great Britain make 
visits to geological sites, either as 

tourists or in their day-to-day leisure 
time. 

Many of these visits will be to the 
most spectacular or amactive places, 
such as sea cliffs, beaches, gorges and 
mountains. Very few visitors will have 
any knowledge or understanding of the 
heritage significance of what they are 
enjoying. Their presence 'on-site', 
however, provides a golden opportunity 
to seek their attention and to promote 
the subject in an informative way (Page, 
1992, 1994). 

Site interpretation boards have 
commonly been employed as a 
seemingly effective medium in such 
instances. How can they be made to be 
more effective? And are there cases 
where they are not worthwhile? These 
are questions ~hich have rarely been 
addressed; indeed, even in organisations 
where implementing interpretation 
schemes is almost a daily business, little 
assessment of the real effectiveness of 
the technique has been carried out. 

Realising this, English Nature 
initiated a project to investigate the use 
of site information boards, with 
particular reference to the interpretation 
of geological sites.. Applying established 
principles for environmental 
interpretation (Aldridge, 1975; 

Site interpretation board below Castle 
Hill, Scarborough, North Yorkshire. 
(Photo by Peter Wakely) 

-

Allwood, 1981; Countryside 
Commission, 1977, 1987), a set of 
principles and guidelines were produced 
(Page, 1992, 1994; Badman, 1994). 

English Nature then embarked on a 
number of trial site interpretation 
projects, the aim being to investigate 
how best the principles for raising 
public awareness of geology could be 
put into practice and how cost-effective 
site interpretation boards would be as a 
delivery medium. 

From a short-list of sites reviewed by 
the Centre for Environmental 
Interpretation at Manchester 
Metropolitan University, it became 
apparent that only the most popular 
could justify a fully developed site 
interpretation board - the cost of which 
could exceed £3,000. This, in practice, 
meant tourist 'honey-pots' where first
time visitor figures exceeded 50,000 a 
year. The places selected were, 
consequently, the seaside holiday resorts 
of Scarborough in North Yorkshire and 
Hunstanton in Norfolk. 

Site interpretation boards have now 
been erected at both places and initial 
observations suggest that they have been 
well received. Detailed independent 
assessment is currently underway into 
their effectiveness in getting messages 
across, and it is hoped that the results 
will be published in a future issue of 
Earth Heritage. Each board tells a very 
simple story, mainly visually, with a 
tninimum of text - the aim being to 
interest the casual passer-by (the 
'participant' in the geological experience 
being offered). If the participant gains 
an appreciation of the age of the rocks 
described, a significant public awareness 
achievement has been made. If that 
awareness extends to ancient habitats, 
and even conservation, the scheme has 
been a success, at least for that 
particular individual. 

A third trial is now underway at 
Burringron Combe, on the edge of the 
Mendip Hills in Avon. The medium of 
cartoon narrative is used to tell the story 
of the site from Carboniferous times to 
the present day. There will be much 
more information presented than at 
Scarborough and Hunstanton, but as 
many people will have been brought up 
reading children's comics, the style of 
presentation will be more familiar to 
them. 

The trial is being carried out in 
partnership with the Mendip Hills 
Warden Service. It is hoped to be able 
to re-use some of the illustrations to 

Kevin Page, 

English Nature 

trial 
produce further interpretive material, 
perhaps leaflets or teaching aids, thereby 
gainirtg the best possible value from a 
single commissioned illustration. 

Obviously, the effectiveness of the 
approach will require testing once it is 
installed - this is an aspect of 
interpretation, and indeed teaching, 
which is all too often neglected. Have 
the participants carried away with them 
the messages that the interpreter wanted 
them to have? Preliminary observations 
at Hunstanton indicate some interesting 
facts regarding the users, their 
backgrounds and what they gain from 
the experience. If similar studies can be 
completed elsewhere, it will be possible 
to more fully assess the effectiveness of 
site interpretation using sign boards and 
gain insights which can be applied 
elsewhere - so watch this space! 

• .... loll ... YJ. 
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Brecon 1994
 

again by Margaret Wood (CCW 
RIGS co-ordinator). 

On Saturday afternoon, delegates 
were treated to an excellent 
conducted tour of the nearby Pwll-y
Wrach geology trail by Duncan 
Hawley. Although Duncan gave a 
broad outline of the site's geology, he 
very wisely concentrated on the 
practical conservation aspects of 
setting-up a trail - issues such as site 
drainage, safety, access for 
wheelchairs, slope stability and fossil 
collecting. This provided 'novices' 
with first-hand experience of the likely 
problems they would face when it was 
their turn! 

On their return to the hotel, 
Charlie Copp gave an in-depth 
account of how the GD2 database 
(available to all RIGS groups in 
Wales) works. Charlie's clear 
presentation dispelled fears of using 
computers among the largely non
technical audience. The possibility of 
'networking' the GD2 database 
between all RIGS groups in Wales 
and CCW in Bangor is now being 
explored. 

-
The waterfall at Pwll-y-Wrach, one of the 
main scenic and geological attractions of 
the trail. (~hoto by Stewart Campbell) 
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group each year Details of the published volumesto allow tipping on a new site on selected for conservation, and these 
are shown in the table below.'X/alney Island, off Barrow in Fumess, are of at least national importance9.	 An all-Wales RIGS body should SnippetsThe plenary session of the forum Cumbria. The tip would have needed for their geological oradvertise its activities at events

both resolved a number of important coastal defences to be built which, the geomorphological interest. For 519such as the Royal Welsh Show Durham first with issues, and proposed mechanisms for Inspector at the Public Inquiry of these, detailed scientific accountsand National Eisteddfod, as well geological strategy solving others. It was agreed that: Geology in the churchyard believed, would harm the island's which justify their inclusion in theas at other local venues 
important geomorphological interest GCR have been published in a series David Newbegin, Durham Council 1.	 A national framework for RIGS in 10. Soils should be considered for Hugh Prudden, Somerset and wildlife habitats. of volumes.Wales was needed to streamline inclusion within RIGS; to this As a complement to its NatureWildlife Trust This is a significant decision for The GCR sites are grouped intoeffort on central issues (such as end, the working party would Conservation Strategy, produced last conservationists, planners and coastal seven major themes: Precambriansafety, best-practice, bilingual One of the objectives of contemporarycontact relevant soil year, Durham County Council has engineers, as it underlines the change and Structural Geology, Igneous andpolicy), and to give RIGS a higher nature conservation is the integration ofexperts/scientists for advice. now published a Geological of direction signalled in recent Mineralogy, Palaeozoic Stratigraphy,profile and status with the general geological and wildlife conservation. Conservation Strategy. government guidance. The Inspector Mesozoic and Cenozoicpublic, the geological community The 'Living Churchyard' project is aThe Brecon Forum ended late on As far as is known, Durham is theruled that "Nothing should be done to Stratigraphy, Palaeontology, and statutory bodies good example of what can be done Saturday afternoon. Delegates first local authority in the country to interfere with the natural flow of Quaternary Geology, andlocally.thought it had been a great success 2.	 A working party (comprising have produced a document on this 

initially the six RIGS group 
shingle". The movement of shingle at Geomorphology. Within each ofPromotional meetings are being and they were already looking forward subject. This is considered particularly 

chairmen) should carry forward 
Walney Island is currently being these major themes, sites were organised by various combinations ofto the 1995 forum, which is to be appropriate since the term 'geology' 

the ideas generated by the Brecon 
studied as part of a strategic approach selected according to smaller subwildlife trusts, diocesan authorities andhosted by Gwynedd RIGS group. was evidently coined in Durham. 

Forum; its first meeting will take 
to coastal defence there. So the units or 'networks'. Each networklocal authorities, and are usually based Members were also reassured and Evidence exists to show that it was first inquiry's findings endorse the consists of a series of sites which, at a local churchyard. There is a clear enthused by the continuing support ofplace at the University of Wales, used by Richard de Bury, Bishop of 

Aberystwyth, and its job will be to 
'precautionary approach', under which taken as a whole, represent the rangerole for geologists at these events. bodies such as CCW, the Wildlife Durham from 1333 to 1345, who was 

decide on an agenda and date for 
development is allowed only if it is and diversity of geological features South Somerset District Council Trusts and the Geologists' a scholar and tutor to King Edward 

a second forum 
known that it will not have damaging within that network (for example, recently organised such a meeting and itAssociation, and the presence of Ill.one such network is Permianeffects on the environment. was over-subscribed. Whilst most county council planners at the forum The 22 page illustrated documentWalney Island has several sites Triassic reptiles). It is these3.	 Individual RIGS groups should emphasis was rightly placed on wildlife was seen as especially significant. includes an introduction covering the retain local autonomy whilst important for conserving wildlife and networks which form the basis for in the churchyard, there was There seems little doubt that the importance and benefits of geologicalthe GCR publications.working under the umbrella of an natural features, including one next to considerable interest in the geological RIGS scheme will continue to develop conservation, and a summary of thethe site of the proposed tip. Here a The recent appearance of theall-Wales body aspects, which I, as a contributor, found in Wales as the most effective means 

GCR volume Fossil Reptiles of Greatnature reserve, run by the Cumbriamost rewarding. of non-statutory site conservation, and4.	 The all-Wales RIGS body would 
Wildlife Trust, is a major breeding and Britain marked the publication of	 ---...Copies of the explanatory Geology inas the principal vehicle for ensuring co-ordinate a Welsh bulletin, to one-sixth of the total number offeeding ground for seabirds, migrating the Churchyard leaflet are available from maximum public awareness of andbe sent out twice-yearly, to which 

accounts of GCR sites, and this 
latest volume includes reports of 50 

waders and wildfowl.Church and Conservation Project, involvement in matters of earthall six Welsh RIGS groups could 
Arthur Rank Centre, National 

sites whos~1ace in the GCR was
heritage conservation.•and should contribute 

Agricultural Centre, Stoneleigh Park, Geological Conservation 
earned by virtue of the reptilian5.	 The matter of a Warwickshire CV8 2LZ. Review publications fossils they contain. With two
 

identity and logo
 
corporate 

further volumes in press - QuaternaryNeil El/is, Joint NatureEngland's National Nature 
of South West England and Uppershould be Conservation Committee Reserves 
Carboniferous Stratigraphy of Greatconsidered by 

by Peter Marren To date, 2997 Geologicalthe working ~ Britain - the number of sites
 
party
 Conservation Review (GCR) sites published in the series, or in press, isThis is the first book devoted to the 

across Great Britain have been one-fifth of the total. subject of the 140 National Nature
 
planners should
 

6.	 Local authority 
Reserves of England. It looks at the
 

be targeted by
 background and philosophy of National
 
the working
 Nature Reserves and the role they play
 
party as a matter
 in protecting wildlife and landforms,
 
of urgency (there
 providing 'outdoor laboratories' for
 
is currently more
 environmental research, and
 
involvement with
 demonstrating the techniques of land
 
county than
 management for nature conservation.
 
district
 The book is essential reading for all
 
authorities)
 those interested in the flora and fauna 

of England and its habitats, especially 
7.	 The RIGS its successful management and
 

groups should
 conservation. Copies are available at
 
continue to
 £20.00 each (post free) from
 
contribute to the
 Publications, English Nature,
 
British RIGS
 Northminster House, Peterborough
 
newsletter
 PE11UA.
 
Exposure and to
 
the inter-agency
 
magazine Earth
 Coast no place for rubbish tip 
Heritage 

Richard Leafe, English Nature 
8.	 The annual 

forum should be Backing English Nature's view, the
 
hosted by a
 Secretary of State for the Environment
 
different RIGS 

~ Founded pro CCW 

~ Founded 1994 

le::: e:: IFounded 1993 

Map of administrative areas for RIGS groups in wales
 recently rejected a planning application 

God's Bridge SSSI - the cover illustration 
from Durham County Council's 
Geological Cons8rvation Strategy. 
(Illustration courtesy of Durham County Council) 
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GCR volumes published to date 
. -

Volume title Published Publisher AvaiIable from Purchase price 

Quaternary of Wales 1989 Nature ]NCC, 
Conservancy Monkstone House, 
Council City Road, 
PEl 1JY Peterborough £13.50 

.---.  ..__.-.-.. 

Caledonian Structures in Bn·tain 1992 Chapman and Hall Chapman and Hall, 
2-6 Boundary Row, 
London SE1 8HN £65 

Bn'tish Tertiary Volcanic Province 1992 Chapman and Hall £65 

Igneous Rocks ofSouth West England I 1993 Chapman and Hall £65 
_._ I--

Quatemary of Scodand 1993 Chapman and Hall £95 

Quaternary of the Thames 1993 Chapman and Hall 
I £70 

Marine Perrnian of England 1994 Chapman and Hall I £69 -  , ----
Palaeozoic Palaeobotany 
of Great Britain 1994 Chapman and Hall £75-  ..  ---  f-----------  f---
Fossil Reptiles of Great Bn'tain 1994 Chapman and Hall £70 
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types of threat which can result in loss 
and damage to sites. Next there is a 
description of the geology of the 
county. A chapter on the legislative 
position is followed by an account of 
existing geological conservation 
initiatives. The chapter on policies and 
proposals covers the County Council's 
commitment to geological conservation 
in terms of development control, the 
maintenance of records, and 
opportunities for site creation and 
education. The final chapter covers the 
management of geological sites. 

Eighteen Sites of Special Scientific 
Interest (SSSIs) of geological 
importance and 67 'second tier' County 
Geological Sites have now been 
declared within the county. Some of 
these, such as God's Bridge SSSI, a 
natural arch over the River Greta on the 
Pennine Way, are of geomorphological 
importance, consisting of significant 
landform features within the Durham 
landscape. Within the new Structure 
Plan, currently at the consultation draft 
stage, is a provision to safeguard 
geological sites along with those 
designated for their wildlife interest. 

The safeguarding of key geological 
sites is an integral part of the County 
Council's overall responsibilities 
towards the natural environment. 
Working with landowners ro ensure 
proper custodianship of this resource is 
important, not only for its own sake, 
but also to help meet the stated 
objective of protecting and improving 
the natural environment for the benefit 
of residents and Visitors. 

Copies of the strategy can be 
obtained from the Director of 
Environment, Durham County 
Council, County Hall, Durham DHI 
5UQ at a cost of £3.00 (including 
postage). 

Crocodile rescue on the
 
Yorkshire coast
 

Jonathan Larwood, English Nature 

On a recent visit to the North Yorkshire 
coast, Philip Manning (Clitheroe 
Museum) discovered the partly exposed 
remains of an Upper Lias crocodile. 

English Nature and the Yorkshire 
Museum were able to jointly fund the 
excavation of this crocodile specimen, 

The skull of the fossil crocodile
 
alongside the head of a smaller present
 
day crocodile from India.
 
(Photo courtesy of Yorkshire Museum)
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rescuing it from the clutches of coastal 
erosion. The excavation proved highly 
successful, with an unprecedented 80% 
of the animal being present. Most 
importantly, the near complete skull 
was recovered, the superb preservation 
leaving its identification as the species 
Steneosaurns gracilirostris in no doubt. 

The skeleton is approximately 3 
metres in length, the skull alone 
approaching 1 metre; it is among the 
largest crocodile specimens yet ro be 
recovered from the Lower Jurassic of 
North Yorkshire. The long, narrow 
skull suggests a life adapted to marine 
conditions, which is further backed by 
its discovety in what are typically deep 
marine sediments. The recovery of 
closely associated ammonite material 
will also allow the precise stratigraphical 
positioning of the crocodile, making this 
one of the most important 
palaeontological finds in recent years on 
the North Yorkshire coast. 

The crocodile is currently on 
temporary display at the Yorkshire 
Museum. When properly curated, Paul 
Ensom (Keeper of Geology) hopes to 
add the specimen to a permanent 
display of marine reptiles which is 
planned at the museum. 

Minerals forum launched 

Tom Moat, English Nature 

English Nature has launched a regular 
discussion forum with the two main 
aggregate company federations, 
BACMI (British Aggregate and 
Construction Materials Industries) and 
SAGA (the Sand and Gravel 
Association). The Minerals and Nature 
Conservation Forum is part of English 
Nature's Industry Strategy, and aims to 
develop an appreciation of the nature 
conservation issues arising from mineral 
working. 

Quarrying can have considerable 
impacts on nature conservation, but also 
has many potential benefits -particularly 
for earth heritage conservation. English 
Nature hopes that the forum will 
provide a springboard from which the 
industry can minimise its environmental 
impacts and actively look for 
opportunities ro further nature 
conservation. The first fruits are 
expected to be Statements of Intent 
with BACMI and SAGA in 1995. 

English Nature has published a 
'Position statement on aggregate 
extraction', summarising its policy on 
nature conservation matters relating to 
mineral developments. Copies can be 
obtained, without charge, from 
Communications and Grants Team, 
English Nature, Northminster House, 
Peterborough PEl 1UA. 

European Nature Conservation
 
Year is here!
 

Rachel Lockwood, English Nature 

1995 is European Nature Conservation 
Year (ENCY 95), a new campaign 
initiated by the Council of Europe. 
With the slogan look to the future, look 
after nature, the campaign is designed to 
encourage local people to care for the 
wildlife and countryside on their 
doorsteps, for their enjoyment and the 
benefit of future generations. 

ENCY 95 will be launched at the 
European Assembly, Strasbourg, in 
January 1995. People all over Europe 
will be celebrating their natural heritage 
and working together to conserve and 
enhance the land in which they live. In 
England, the campaign is being led by 
English Nature, with the support and 
involvement of all the major 
conservation organisations. 

One of the more unusual aspects of 
the ENCY 95 campaign is that everyone 
can take part in the way that suits them 
best. The England Campaign Office is 
promoting three themes which provide 
opportunities for people from different 
age groups and all walks of life to 
develop initiatives in support ofENCY 
95. So long as the project is carried out 
on land outside protected areas and 
involves action by people for the benefit 
of their local environment, what groups 
choose to do is largely up to them. 

To keep people in touch with the 
campaign, the Campaign Office is 
producing the ENCY 95 magazine. 
There will be regular issues throughout 
the year, with news and views about 
conservation projects being developed 
under the ENCY 95 banner, ideas for 
people wanting to get started, diary 
dates and a'celebrity interview. The 
Campaign Office has also produced 
Ways & Means, which gives project 
ideas and suggestions, advice about 
possible sources of grant aid, and an 
explanation of how to use the ENCY 95 
logo and how to achieve publicity for 
projects. 

To obtain your copy of the ENCY 
95 magazine or Ways & Means, or 
information about the campaign 
themes, contact Rachel Lockwood, 
England Campaign Co-ordinator, at 
English Nature, Northminster 
House, Peterborough PEl 1UA. 
Telephone 01733 318351. • 

GeologicalandLandscape 
Conservation 
Edited by 0. O'Halloran (JNCC, UK), C. Green (Royal 
Ho110way, UK), M. Harley (English Nature,UK), M. Stanley 
(Hull City Museums & Art Galleries, UK) and J. Knill 
(JNCC,UK) 

The landscape and its 
geological foundation 
provide the essential ~ "'''''. 
framework upon which all 
conservation issues are ~ 
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critical features as 
built, controlling such 

l.. .\ '\0 ...
topography, microclimate, "-~:-~'r~,..\.., ..~ 
water distribution and soil JIt; \" l......=: .:;.. 

...."... . _. ~_.rtype. This volume takes a 
',\..:' ~ ...*':

wider, more fundamental /
view of the role of geology 
and landscape in 
conservation. The main 
themes are: sustainability; ~._.,"~.- .~- ~}I 
landscape conservation; 
local conservation and community initiatives; site 
conservation and public awareness; and international 
conservation. The themes underline the duty of care that 
the geological profession has in conserving the geological 
resource, contributing to the preservation of the 
environment and enhancing the quality of life. 

¥	 Primary audience: geologists, geographers, 
conservationists, and land-use and countryside planneJs 
and managers 

¥	 Secondary audience: academic geoscientists, 
engineering and industrial geologists, and members of the 
minerals extraction, quarrying and waste disposal 
industries 

¥ 544 pages, 115 illustrations, hardback, 
ISBN 1-897799-09-8 

¥ Listprice£70 

¥ Combines the expertise of UK conservationists with the 
successful teaching methods of the Open University 

¥ Written in reader-active style to cater for the needs and 
interests of a wide range of users 

Audience: Professional and amateur geologists, 
professional and voluntary conservationists and those with 
a general interest in the countryside 

¥ 276 pages, printed in two colours 
¥ 12 page booklet of colour plates, ISBN 1-897799-03-9 
¥ Price£15(plus£2postage) 

EarthHeritageConservation 
Edited by Chris Wi/son (Open University, UK) 

Earth heritage 
conservation ensures that 
future generations can 
continue to learn about the 
geological history of their 
planet and enjoy the 
beauty of its natural 
physical features. 

Part I, Introducing 
Earth heritage 
conservation describes ten 
conservation sites and 
introduces some basic 
geological vocabulary, and 
shows why and how sites 
are conserved. Part 2, 
Introducing geology for 
Earth heritage conservation gives a basic introduction to 
minerals, rocks, fieldwork, Earth processes and the 
geological history of the British Isles. Part 3, Conservation 
in action discusses the need for Earth heritage 
conservation; the principal types of site; threats to sites 
and how they can be countered; conservation methods; site 
networks; and fmally how to increase public awareness. 

Please send to: Geological Society Publishing House, Unit 7 Brassmill Enterprise Centre, Brassmill Lane, Bath, BA1 3JN, UK. 
Tel: (0225) 445046. Fax: (0225) 442836. 

* Please provide __copy/ies of the publication Geological Landscape Conservation at £70 per copy 

* Please provide __ copy/ies of the publication Earth Heritage Conservation at £15 (plus £2 postage) per copy 

* Please add 10% of order total for overseas postage. 

o I enclose a cheque for made payable to "Geological Society Publishing House" 

o Please debit £ from my credit card 
o Visa 0 Access 0 Mastercard 
o American Express 0 Diners Club
 

Expiry date _
 

Signature _ Date _
 

Name (Please print) _
 

Delivery address _ Credit Card Address _
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