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I am delighted to bring you the 
latest Issue of the journal just six 
months after the last one. The 
magazine is compiled and edited 
here in the NCC, where the small 
team of earth scientists is subject 
to many competing work 
pressures. Thanks to a concerted 
team effort, we have got this Issue 
out on time and are determined to 
keep to this pattern in future. 

Our main theme in this issue 
engineering for conservation 
reflects the strides that the NCC, 
and other bodies such as DoE and 
MAFF, have made in recent years 
into commissioning research to 
look at the technical problems 
encountered on earth science 
SSSIs. Such problems typically 
arise where large-scale 
developments are proposed. 

The NCC will often need to 
oppose the scheme or ask that it 
be modified. In so doing we face 
two hurdles. Firstly, we need to 
convince the planners that the 
earth science features of the site 
are indeed special and worthy of 
protection; a challenge to our skills 
in communication and persuasion. 
Secondly, we have to show that 
any modifications we are seeking 
are feasible in engineering terms. 
This is the great& challenge as it 
requires us to be competent in 
technical areas of expertise, and it 
is here that commissioned 
research is coming to the rescue. 

The successes we report in this 
issue mark a major breakthrough: 
it will no longer be possible for 
developers to argue that what we 
are seeking is pie in the sky. This 
is particularly true of coastal 
protection schemes where, at long 
last, it now seems possible to 
reverse the seemingly relentless 
trend towards the girding of our 
southern coasts with concrete 
armour. Conservation of 
geological faces in quarries is 
another area where we can advise 
with increasing confidence. As the 
reports in this issue show, the 
NCC will now be able to respond 
to development threats far more 
effectively and this is good news 
for site safeguard during the 
1990s. 

Dr Des O'Halloran 
Editor 

I Main features 

Earth science conservation in Romania 
Don Grigorescu and David Norman examine the state of 
conservation in this troubled country. 
Marsworth - mammoth conservation success! 
How research, conservation and extraction activities can be 
reconciled in an active quarry site. 
Export controls for valuable fossils - the trials and tribulations 
of "Lizzie" 
Ian Rolfe on efforts to keep the world's oldest fossil reptile in Britain. 
Dublin Meeting looks to the future 
The IQUA meeting looked at earth science conservation in Ireland 
and its relationship to landscape and heritage issues. 

Engineering for conservation 

How technical studies and conceptual models are providing new 
solutions to engineering problems on earth science SSSIs 
Convincing the engineers the Geological Society meeting 
Of rocks and rubbish! - conserving rock faces in refuse sites 
Nith Bridge - controlling river bank erosion 
Resolving the Naze conflict - the crenulate bay model 
Foreshore berms a technical answer to cliff retreat 
Under the boardwalk at Kings Quay 

I GCRnews 

David Bellamy launches the first GCR volume Further GCR 
volumes in the pipeline Historical sites for the GCR 

I Site news 

Hornsleasow Quarry - Permits for Lesmahagow? - Monyash 
Quarry - Seaham Harbour - News in brief 

I News items 

NCC reorganisation - Access on Arran - Fyfield Down 
NSGSD computerised - NCC seminar series - Fieldwork survey-
Site Description Sheets Reclamation initiative - Publications 

I Reader's forum 

Construction site excavations and the amateur geologist 

Our front cover photo, taken by Stewart Campbell, shows a view of the 
foreshore berm at Brean Down SSS[, Somerset. 

Brean Down is a classic Pleistocene locality, but rapid erosion of the sandcliff 
(on right of photo) threatened an important Bronze Age site and the site owners, 
the National Trust, wanted to extend an existing concrete seawall to arrest 
further retreat. After discussion with the NCC the alternative structure shown in 
the photo was built. It consists of a mound of boulders, placed some 5 m from 
the base of the cliff, which greatly reduces erosion, but ensures that the sandcliff 
remains exposed to the elements (see page 18 for details). 

Brean Down is a good example of the 'conservation-friendly' engineering 
that can be applied where technical problems arise on SSSIs. Such 
'intermediate technology' solutions can be highly effective and often much 
cheaper than 'high-technology' structures, such as sea walls. This proposition 
is the featured theme in this Issue offue magazine. 
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The last issue of Earth science 
conservation gave details of the 
Government's announcement that 
the NCC was to be reorganised into 
three separate bodies covering 
England, Scotland and Wales. 
Although the NCC has now learned 
more about the Government's 
proposals, and what they mean for 
nature conservation, it is still not yet 
clear exactly how the work 
currently carried out by the NCe's 
Chief Scientist Directorate (CSD)
including that of its Earth Science 
Division - will fit into the new 
agencies which are due to replace 
the NCC in April 1991. We report 
here on developments up to the 
time of going to press in January. 

There were a number of 
significant events during late 1989 
as the NCC pressed Government to 
acknowledge the need to address 
nature conservation issues in a 
Great Britain context as well as at 
individual country level. In early 
November we made public our 
views on GB policy and science 
work and how this related to the 
Government proposals as they then 
stood. The NCC paper 
Reorganisation ofNCC : Policy and 
Science Issues was sent to Ministers, 
parliamentarians, voluntary bodies 
and other interested individuals and 
organisations. Refereed by 
distinguished external scientists, it 
was well received and proved to be 
a powerful contribution to the 
reorganisation debate. Some spare 
copies are still left : please contact 

Easter 1990 visitors to Arran - access alert
 
As anticipated in the last issue of 
Earth science conservation, Mr 
Charles Fforde of the Arran Estate 
Office, has recently contacted a 
number of university geology 
departments who, in years past, have 
taken field parties onto his land. Mr 
Fforde has imposed a levy of £4.00 
per student per week, or part of a 
week, during which Arran or Sannox 
Estate property is used and the 
charge applies as of now. 

These estates cover most of the 
land in the northern half of the island, 
and the levy applies not only to 
inland areas but also to the coastal 
foreshores. Geologists using the 
Geologists' Association Gwde to the 

Isle ofArran (McKerrow and Atkins, 
1989) are warned that the following 
localities are affected as follows: 

Excursion I locations 1-5 inclusive 
Excursion 2 all locations 
Excursion 3 all locations 
Excursion 4 none 
Excursion 5 locations 1-6 inclusive 

and 8-11 inclusive 
Excursion 6 locations 3 and 12-20 

inclusive 

The Geologists' Association (GA) 
has written to Mr Fforde in the hope 
of persuading him to defer 
implementation of the scheme until 
later in the year, and perhaps include 
a lower rate for brief visits. The GA 

Organisational Planning Directorate 
at the NCe's Peterborough office 
(073340345 Extension 2372) if you 
would like one. 

The NCC Chairman, Sir William 
Wilkinson, followed this up by 
setting out the NCe's requirements 
for 1991 and beyond. If they were 
to be set up, the new country 
agencies needed to be independent 
and to receive adequate funding. In 
addition he emphasised the need 
for a co-ordinating committee, 
made up of an independent 
chairman together with 
representatives from the country 
agencies. This committee, 
supported by its own staff, should 
be responsible for handling and 
driving forward issues of GBIUK or 
international importance. 

The Secretary of State for the 
Environment, Chris Patten, 
responded with further proposals 
later in November. He announced 
that as well as the country agencies 
there would indeed be a Joint 
Committee with statutory 
responsibility for Great Britain, 
United Kin.fI-dom and international 
issues. me NCC welcomed his 
proposal as recognition of the need 
for a countrywide view, but 
remained uncertain as to how the 
Committee would have enough 
authority to take forward national 
issues. We are still not clear 
whether it will have the necessary 
scientific, technical and support staff 
at its command. 

Just before Christmas the 

Government published the 
Environmental Protection Bill (or 
'Green Bill'). The Bill contains 
proposals for the three country 
agencies and the Joint Committee, 
and makes it clear that the NCe's 
functions are to remain the same 
after 1991; however the NCC and 
Government still have much work to 
do before the future of our core 
scientific work - including earth 
science - is worked out in detail. 

The coming months will see 
Parliament debating the 
Environmental Protection Bill, and 
the NCC hopes for a gradual 
resolution of these outstanding 
issues. A sub-committee of the 
House of Lords Select Committee on 
Science and Technology, containing 
several eminent scientific peers, 
and chaired by Field Marshall Lord 
Carver, is also examining 
reorganisation and its likely effects 
on the NCe's science. Its findings 
are likely to have a strong influence 
on the course of the Bill. 

Throughout all its discussions 
with Government, the NCC has 
made it plain that much more 
money will be needed than at 
present to fund nature conservation 
in 1991 and beyond. The recent 
announcement of the NCe's 1990/91 
budget - £44.07m, nearly £4m more 
than the previous year - is, we feel, 
a hopeful sign that such funds might 
well become·available. 

Organisational Planning 
Directorate, NCC 

has also queried whether the levy 
will apply to other naturalists and hill 
walkers, as geologists would rightly 
feel aggrieved if they are singled out 
for sole attention. 

Intending visitors are advised to 
contact the Arran Estate Office, 
Brodick, Isle of Arran, Scotland KA27 
8EJ for details of the scheme. Dr Eric 
Robinson, the GA Press Officer, is 
keeping a watching brief on 
developments and would like to hear 
of your experiences in dealing with 
the Arran Estate Office. Contact Eric 
at the Department of Geology, 
University College London, Gower 
Street, London WCI 6BT (Telephone 
01-387-7050). 
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Convincing the engineers 

Chris Stevens, NCC 

Engineering for conservation 
embracing the issues of coast 
protection, waste disposal in 
quarries, and making disused 
quarries safe and accessible - was 
the topic of a joint meeting of the 
Geological Society Conservation 
Committee and Engineering Group 
on 11 December 1989. I will not go 
into detail, as the proceedings will be 
published in the Quarterly journal of 
Engineering Geology in due course, 
but will instead dwell on the 
discussion. This was lively in spite of 
a rather small audience, and centred 
round the way the engineering 
studies which the NCC have 
commissioned should be applied. 

Why the NCC needs to research 
this subject 
The most fundamental question 
posed was why the NCC, as a 
conservation organisation, had 
embarked on such research at all. 
The reasons given were, firstly, 
because the NCC has been 
convinced that engineering options 
which are less damaging to 
geological exposures do exist but 
developers and their engineers were 
often unwilling to consider them. For 
example, coastal mass concrete 
walls, which obscure geology and 
prevent erosion, could be replaced 
by wave dissipation structures that 
would reduce cliff recession to within 
acceptable limits while permitting the 
limited erosion needed to maintain 
good quality exposure. Without 
professional engineering input 
however, the NCC could not 
effectively advocate such schemes 
we would simply not be taken 
seriously. 

The second reason relates to the 
length of time it takes to develop 
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Speakers and themes 

o	 Keith Duff, NCC - review of the legal and planning background 

o	 Mike Owen, Hydraulic Research Limited - studies on geological 
conservation-friendly engineering schemes for coast protection 

o	 David Savor, MJCarter Associates - studies of alternative designs of 
landfill slopes in relation to safety and access at geological SSSIs in 
disused quarries 

::::J	 Alan McKirdy, NCC - areas of research and consultation in progress to 
support alternative engineering designs and approaches in earth science 
conservation 

such alternatives in relation to a 
threat at a specific site; and the 
difficulty of justifying the necessary 
expenditure on a 'one-off basis. 
Development of alternatives in 
advance allows the NCC to advocate 
them at an early stage in a particular 
instance, when engineering studies 
are just commencing; it also avoids 
costly and time-consuming repetition 
of such studies by developers - a 
major factor counting against their 
consideration in the past. It was 
gratifying to see the wide acceptance 
of these principles amongst the 
engineering members of the 
audience. 

Putting the results into action 
The discussion then turned to the 
way the engineering alternatives 
would be applied. Considerable 
concern was expressed that 
numerical engineering designs 
would be adopted as standards, 
particularly by planners, without due 
consideration of all the other 
engineering factors affecting a 
design. Although this has not proved 
a problem so far, it is clear that the 
NCC must put strong emphasis on 
presenting the results of the research 
as concepts, and not allow numerical 
examples to become design 
standards. 

Current initiatives to support alternative engineering designs for earth 
science conservation purposes. 

:J NCC-sponsored research into factors affecting conservation of 
geological features in pits and quarries. 

o	 DoE sponsored research into amenity reclamation of mineral workings 
and restoration blasting. 

o	 NCC and Department of Transport initiative 'Making the most of 
Roadcuttings' 

o	 Opencast coal and conservation 'Memorandum of Intent' by British Coal 
and the NCe. 

o	 NCC programme of presentations and publications to planners and the 
waste disposal and minerals industries. 

There was unanimity that the 
developer needed to take full 
responsibility, and employ suitable 
engineering professionals, to design 
such schemes. The alternatives put 
forward by the NCC would never be 
an 'off the peg' design or a substitute 
for proper engineering assessment. 
This point is already inbuilt into the 
NCe's responses to such cases, and 
again it was clear that the NCC must 
emphasise this point. 
. Discussion on the technical 

alternatives themselves mainly 
centred on the design of slopes in 
landfill sites to create 'amphitheatres' 
against SSSI quarry faces. Concern 
was expressed at the safety aspects 
of high steep faces retaining landfill 
(see page 9 of this issue), and the 
visual impact of leaving such 
exposed quarry faces as scars on the 
landscape Regarding stability, the 
research was seen in the context of 
exploring conceptual solutions using 
numerical examples. All accepted 
that safety considerations are always 
paramount. 

Visual impact provided an 
interesting backdrop to the 
discussion, and the case of 
deliberate exposure of chalk in 
cuttings on the M4 in Wiltshire was 
cited as achieving a satisfactory 
balance between geological 
conservation, landscape value, and 
engineering/safety constraints. 

Conclusion 
This entire subject area deserves 
more debate, not only in the context 
of disused quarries and land cuttings 
but also of such contentious topics as 
regrading of coastal cliffs (where an 
element of municipal tidiness 
appears arbitrarily mixed in with 
engineering and safety 
considerations). The Burlington 
House meeting, however, was a 
welcome step in placing the topic 
squarely on the engineering agenda.o 

View looking eastwards along the meander bend at Nith Bridge showing the 
armour-stone wall, the infilled former nver course and the well-exposed 
Quaternary section. (photo by Dorninic Counsell) 

Alan McKirdy, NCC 

As reported in Earth science 
conservation, No 24, page 37, the 
Quaternary section at Nith Bridge is 
important in demonstrating the 
sequence and pattern of ice sheet 
movements in south-west Scotland 
during the Pleistocene. The section 
has been saved from destruction by 
an imaginative engineering scheme 
designed by Strathclyde Regional 
Council. Diversion of the river from 
its present course provided a 
solution to the problem of river bank 
erosion in this particular instance, but 
we believe that this technique could 
be applied elsewhere. The essential 
elements in the scheme are: 

•	 Protection wall: this ensures that 
river erosion is concentrated on 
an artificial structure which can be 
readily maintained or renewed. 
An integral part of the design is 
that the wall will be overtopped in 
times of flood so that any material 
which falls from the geological 
section will be washed away, thus 
maintaining the quality of the 
exposures. Knowledge of any 
seasonal or other fluctuations in 
river discharge is a key element in 
designing the overall height and 
structure of the wall. A 
compromise has got to be 
reached between creating a 
structure which will never be 
overtopped, thus allowing the 
geological section to rapidly 
vegetate and stabilise, and a 
situation where the wall is 

ineffectual allowing erosion of the 
'protected' section to continue 
unabated. Armour-stone or a 
gabion wall are equally effective in 
creating such a structure. The 
design has to fulfil the dual function 
of controlling river erosion and 
confinin~'thematerial piaced to 
infi.ll the existing river bed. 

•	 Infill: diverting the river from its 
original course to a new one 
entails the placing of infi.ll material 
to support the protective wall. The 
infi.ll should be free-draining even 
if the wall is regularly overtopped. 
In the case of Nith Bridge granular 
fill was used, with a protective 
fabric laid on top to ensure that 
silts ahd clays are not washed in as 
that would, over time, reduce the 
porosity of the infi.ll significantly. A 
layer of topsoil holds the fabric 
securely in place. 

•	 Maintenance of river cliff 
exposures: the protective works 
are designed to maintain the 
geological exposure of the 
conservation section in a useful 
condition. This means that erosion 
will continue to take place albeit at 
a considerably reduced rate, as 
determined by the height of the 
protective wall. Where the wall is 
excessively high or flood 
conditions are absent for a 
significant period, it may be 
necessary to undertake some 
clearance work to exhume parts of 
the succession which have been 
buried by cliff falls. 

Scientific interest of 
Nith Bridge 
This site demonstrates the 
interaction of Pleistocene ice 
masses emanating from the 
Highland and Southern Uplands 
respectively. The Highland ice 
moved from north to south across 
central Ayrshire and deposited 
the lower till units. Relaxation of 
the pressure exerted by the 
Highland ice allowed the Southern 
Uplands ice to override part of the 
area and to deposit the upper till 

River bank sections provide 
many valuable geological exposures 
and a sizeable number are 
scheduled as SSSIs. Although 
problems associated with river 
erosion are limited, there are 
instances, such as at Nith Bridge, 
where it can be significant. This case 
history shows that an openminded 
approach taken by both engineers 
and conservationists can not only 
resolve an immediate problem but 
also give birth to new concepts 
which may be applied more widely. 

D 

The armour-stone wall at Nith 
Blidge. This photo also 
demonstrates the proximity of the 
road to the edge of the cliff. 
(photo by Dominic Counsell) 
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Southern and Western CarpathJans 

Dan Grigorescu, University of 
Bucharest, and David Norman, 
NCC 

The land areas of Romania (237,000 
krn2) and Britain (244,000 krn2

) are 
very similar. Within Romania the 
geomorphology is almost equally 
divided between mountains, hills and 
plains. In the centre are the arcuate 
Carpathian Mountains, which partly 
encircle the hilly, Transylvanian 
Depression. On the margins of the 
mountains to the south and west lie 
the Pannonian, Romanian and 
Valaclian Plains, while to the east the 
Moldavian Plateau and directly south 
of this area is Dobrogea (the territory 
between the Danube and the Black 
Sea). 

Romania's geology ranges in age 
from the Proterozoic through to the 
Recent. The largest representation is 
of relatively recent Neogene and 
Quaternary deposits, to be found in 
the Sub-Carpathian hills, the 
Transylvanian Depression and the 
Plains regions. The Carpathian 
range exhibits a variety of rocks, 
from volcanic to sedimentary and 
metamorphic, which range in age 
from Proterozoic to Palaeogene. By 
contrast the youngest deposits in 
Romania are to be found in the 
region of the Danube Delta; the delta 
has developed dunng several stages 
related to sea-level changes in the 
Black Sea which commenced in the 
Late Pliocene. The richness of the 
geological column of Romania is 
clear from this brief outline. 

The full scale of environmental 
damage which accompanied the 
push towards industrialisation in the 
1980s is only beginning to emerge, 
but it is already clear that grave 

which includes support for 
geological conservation. 

History of nature conservation 

2 Sinpetru dmosaur site (NCPE) , which advises the Council of up with a nationwide network of known as the 'Student Circle'. This is 
3 Sebes -Red PrecIpIce Ministers. The activity of the NCPE "custodians" who were given the a volunteer force of university 
4 ClObamta - fOSSil seals N was defined by legislation in 1973, responsibility for monitoring and students whose main aim is the•
5 Aeohan sites mcludmg the "Sphmx" o Kilometres 200 which dealt with protecting all maintainin.J,the sites in their own preservation of the geological
 

, I 

aspects of the environment: air and area. environment. The "Circle" has a
 
water pollution, the soil and subsoil, When this was first set up the constant round of activities,
 

Map of Romania, showing summary simplified geology and geographical forests and general vegetation, custodians received a symbolic consisting of visits to designated
regioDS, together with localities mentioned in the text. terrestrial and aquatic fauna, the payment, after which it was assumed Natural Monuments in order to 

preservation of natural monuments, that they would continue their duties monitor their condition, site 
problems exist. One of the major Despite the history of social and sites of special (or unique) on a voluntary basis How effective clearance work and carry out further 
threats to both the cultural and developments over the past twenty scientific or tourist interest. this arrangement has been is geological research. 
natural environment in recent years years it is perhaps surprising, Natural monuments (in to which currently difficult to assess in the The group also prospect for new 
was the grandiose scheme to therefore, to find that there is strong category most geological sites tend absence of published information on sites and compile documentation 
demolish villages and regroup the nature conservation legislation, to fall) are the specific responsibility the state of such sites which is then passed on, as a series 
population into new agro-industrial of the Commission for National As a means of trying to initiate of proposals (broadly equivalent to 
centres. Thankfully one of the first Monuments (CNM) , which is in turn some practical site survey, selection Britain's GCR sites), to the CNM for The Retezat Mountainsacts of the new government, regulated by the Romanian Academy and conservation, about ten years approval. To date, 22 new sites haveThis National Park in the Southernestablished following the revolution of Science. The Commission was set ago Dr Grigorescu set up a group been identified for designation. Carpathians is a fine example of aof December 1989, was to 

multi-interest site. The mountainsimmediately abandon this scheme. 
themselves are built of schists and 
granites. By far the largest 
protected area in Romania, the 
park shows magnificent glaciated 
valleys and glacial lakes (82 in 
total) at heights above 2000 
metres. Twenty percent of the 
alpine flora is endemic to the 
Carpathians, and among the 
protected fauna are the black 
chamois Rupicapra rupicapra, 
lynx, marmot, bearded vulture 
and numerous snakes. Admission 
to the park is by permit only; 
these are issued by the Romanian 
Academy of Science, and there is 
a purpose built chalet/laboratory 
for the use of visiting scientists. 

Red Precipice 
A very spectacular pyramidallandfarm to the north of the town of Sebes, the 
Red Precipice is sculpted in red silty clays, interbedded with pebbly layers. 
Erosion has produced bizarre vertical towers, columns and buttresses, as 
well as horizontal benches. These features are developed through 
differential erosion oftbe Tertiary clays, which include some reworked 
Cretaceous deposits. Occasionally, eroded fragments of reworked dinosaur 
bones are recovered. 
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Nature conservation in Romania 
began some 65 years ago with the 
pioneering work of three Romanian 
scientists. Ernil Racovita Ca biologist 
and speleologist), Alexandru Borzu 
(a botanist) and Popovici Bcznosavu 
(a zoologist). In 1930 they 
persuaded the government to set up 
a Commission for the Preservation of 
Nature The direct result of this action 
was the declaration of 36 
reservations, including the 
establishment of 15,000 hectares of 
the Retezat Mountains as a National 
Park 

Since the Second World War, the 
number of protected areas, as well 
as the number of species of 
protected plants and animals, has 
increased and there are now over 
200 protected areas. 

The nature conservation 
movement in Romania is now 
directed by the National Council for 
the Protection of the Environment 

Sinpetru 
Sinpetru, located on the southern 
margin of the Transylvanian 
Depression, is a Natural 
Monument which shows a series 
of fossiliferous continental beds 
from the very end of the 
Cretaceous Period (65 million 
years ago). The outcrops occur 
along the banks of the Sibisel 
River, and were first collected 
from in the late 19th century; they 
have yielded numerous dinosaur 
bones, indicating a complex and 
interesting fauna (some of which 
appear to be dwarf species). as 
well as turtles, crocodiles, 
pterosaurs, birds and very 
recently primitive mammals. 
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Geological monuments in 
Romania 

Each of the major geomorphological 
regions of Romania includes sites of 
special scientific or tourist interest 
which are protected by law against 
intensive exploitation. Such sites 
may be designated as "National 
Parks" or "Natural Monuments" on 
the basis of either a single scientific 
interest geological, botanical, 
zoological, speleological; or on a 
multi-interest basis. 

The Romanian attitude towards 
geological conservation is perhaps 
surprisingly enlightened, as it 
provides apparently equal weighting 
with biological interests The 
legislation also provides the means 
by which such sites can be 
designated and given a measure of 
formal protection. The principle 

weakness of the system would 
appear to be the absence of a broad 
equivalent of the NCC - a centrally 
funded organisation which is able to 
manage and monitor these 
resources, and this is reflected in the 
rise of local conservation pressure 
groups such as the student circle. 
Such groups, however, need access 
to the Romanian Academy of 
Science, and its patronage, if sites 
are to be given National Monument 
status. Thus the situation seems to 
be that, in legislative terms, the 
machinery for developing 
conservation strategy is in place, but 
the practical reality is that 
Government commits few resources 
to fund implementation. At present 
this function is looked after by the 
voluntary network of "custodians", 
whose resources are inevitably 
greatly overstretched 0 

To date there are some 200 
Monuments designated by the 
Romanian Academy. Of these a 
considerable number include 
geological or geomorphological 
features, and the ones illustrated 
here are but a small sample. 
Other sites include Ciobanita near 
the Black Sea, which is a Miocene 
exposure famous for its fossil 
seals Pusa pontica and whales 
Cetotherium; and the Bucegi 
Mountains of the Eastern 
Carpathians which include 
spectacular aeolian features such 
as the 'Sphinx' - which resembles 
the head of a Dacian - complete 
with hat! - and others locally 
called 'mushrooms' all of which 
have been caused by differential 
erosion of sandstones capped by 
more resistant conglomerate. 

history of landscape development is 
provided by the morphology of the 
dry valleys, and in particular the 
asymmetry of their slope profiles, 
and also by the variations in the 
stratigraphy of the valley slope and 
floor deposits. The site was studied 
in some detail in the 1960s and the 
results provided the basis for a 
geomorphological trail and booklet 
published by the NCC, which 
focused on the core area of the site in 
Clatford Bottom. Reassessment of 
the site for the GCR resulted in the 
extension of the SSSI to include an 
area of tributary dry valleys that form 
an integral part of the total 
assemblage of geomorphological 
interests 

Dry valleys and sarsen block streams of Pleistocene age at Fyfield Down, 
Wiltshire. (Photo by John Gordon) 

In recent years the site has 
experienced increasing 
management pressures from 
agricultural and racehorse training 
activities. Although the high value of 
the surface geomorphology was 
clear, the precise nature of the 
subsurface deposits and the 
probable impact on them of existing 
and proposed management 
operations was less so. These 
problems were therefore addressed 
in a commissioned survey, and the 
report provides. 

•	 a review of previous studies on the 

landforms and deposits of Fyfield 
Down; 

•	 the results of a detailed survey of 
the geomorphology and 
superficial deposits of the Gallops 
area, including logs of soil pits; 

•	 an assessment of the value of the 
Gallops area in relation to the site 
as a whole. 

Finally a series of implications for 
land management are outlined. This 
report and its conclusions will help 
underpin the development of 
management policy for the site. 

John Gordon, NCC o 

C:oJz ee.
Conserving geological faces in .seJ"r?qtJ~gOf rocks and rubbish! 

Richard Wright, NCC 

This article is based on the NCC 
Commissioned Research Report, 
An lflvesligalioPl ofdesign criteria 
for the safe angle ofrespose for 
landfill schemes involVlflg 
domestic, industrial and 
commercial wastes. M. J. Carter 
Associates - 1989. 

Landfill represents one of the most 
serious threats to the conservation of 
geological sites. Sites can be lost 
through complete or partial burial 
both by design and accident l Where 
exposures are kept access can be 
problematic either because of build 
up of leachate or the accumulation of 
landfill gas - both potentially 
dangerous situations. 

There is an ever increasing 
pressure these days to use quarries 
and pits as refuse dumps. Sites 
which may have been overlooked in 
the past, perhaps for environmental 
reasons are now being considered, 
particularly near urban centres 
Therefore, when exposures are to be 
retained in landfill schemes there is 
often intense pressure to ensure 
maximum utilisation of the void 
space available, and to minimise the 
extent of conserved faces. 

In order to tackle these problems 
the NCC commissioned this study, 
which had three main aims 

•	 to examine the key factors 
affecting slope stability in refuse of 
varying compositions; 

•	 to recommend safe batter angles; 

----~-

refuse sites 

•	 to prescribe a range of 
engineering solutions which met 
these needs 

The study included both desk and 
field examinations of sites looking at 
slope angles and stability problems, 
and relating each site to its particular 
environment and influences. The 
engineering criteria needed to 
enable higher stable slope angles to 
be achieved were researched and 
form the basis of guidelines for 
landfill design that will be of practical 
use to both the NCC and waste 
disposal operators. Areas for further 
research are also outlined. 

The main, and perhaps 
surprising, finding is that refuse 
slopes themselves are inherently 
stable even at high slope angles. No 
sites were identified where failures 
had occurred in refuse, and work 
carried out in the USA indicates that it 
has not been possible to induce 
failures in refuse slopes even at 
angles approaching 90°. This 
stability is largely due to the diverse 
nature of the refuse and the practice 
of compactil;1g it into laye~s. 

Howevlr, serious failures do 
occur in the capping and bunding 

NCC Commissioned Research 
Report, The geomorphological 
status of the Gallops area - Fyfield 
Down. Geodata Institute at 
Southampton University 1989. 
CSD Report No. 979. 
Contact Information and Library 
Services. NCC, Peterborough for 
details. 

Fyfield Down sssC in Wiltshire, is an 
area of chalk downland dissected by 
a system of dry valleys that contains 
one of the highest remaining 
concentrations of sarsen stones in 
Britain. Classic examples of sarsen 
block streams have formed through 
stone transport under periglacial 
conditions during the Pleistocene ice 
ages. Further evidence for the 

materials used for the perimeter reason are likely to have the most 

Options for building waste-retaining structures 
Type	 Barrier configuration 

Retaining walls 
Reinforced soil slopes 
Reinforced earth structures 
Engineered soil slopes 
Biotechnical engineered soil slopes 
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slopes to landfills, and it is these that 
create many of the problems 
associated with landfill sites in 
general, and conserving exposures 
in particular Failure of cover 
material can lead to burial of 
exposures, re-exposure of raw 
refuse, percolation of leachate and 
the release oflandfill gas. The 
engineering properties of the 
materials used in the construction of 
the perimeter slopes, together with 
their drainage characteristics and 
fluid pressures within the slope and 
the adjacent landfill, are the critical 
factors limiting the maximum slope 
angles which can be employed. 

Perimeter slopes - the options 
Maintaining long term access to 
geological faces means that 
perimeter slopes must be 
engineered to a high standard. 
These structures can also be used to 
minimise the void space lost as a 
result of retaining the exposure. The 
main groups of structure considered 
are listed in the accompanying table. 
Of these engineered soil slopes and 
reinforced soil/earth structures are 
the most cost-effective and for this 

Near vertical or vertical 
40° -70° 
70° - vertical 
25° - 45° 
Enhancement of existing slopes 

Retaining walls 
Retaining walls are structures 
used to provide stability for other 

, materials and are also commonly 
used to support them. There are 

. a variety of types but in all cases 
the proportions of the retaining 
walls must be adequate to resist 
overturning or excessive tilting, 
global rotation and sliding as well 
as being inherently structurally 
secure. 
These types of wall require a high 
level of design and construction 
and are therefore very expensive. 
It will probably be only in 
exceptional circumstances that 
such walls would be considered 
realistic for use in conserving 
geological faces. 
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Reinforcing grids 

Reinforced soil and earth 
structures 

These structures are probably the 
most readily applicable to the 
landfill situation. Both are based on 
the same concept; that of 
reinforcing essentially weak 
materials with high strength 
membranes laid horizontally in 
layers. The stability of the slope is 
provided by the interlocking action 
between the compacted material 
and the horizontal layers of 
reinforcement. 

The compacted material can 
consist of a wide variety of 
materials, such as sands, gravels, 
quarry rejects, cohesive soils such 
as clay or indeed pulverised fiue 
asb (PFA). Reinforcing elements can 
consist of geogrids such as 'NetIon', 
geotextiles such as 'Terram' or 
geofabric strips such as ·Paraweb'. 

With high slope angles some 
fonn of 'facing unit' will be required 
to prevent erosion For example, 
depending on slope angles turf, 
raparound fabric. gabions or 
geofabnc boxes could be used 
Biotechnical engineering structures 
could also be employed. The lower 
illustration (along side) shows an 
idealised complete site with a 
reinforced earth structure. The use 
ofvegetation in this instance is 
primarily for visual effect However. 
as described below, vegetation can 
also be used to help ~iabilise 

slopes. 

Biotechnical engineered soil 
slopes 
Biotechnical engineering involves 
the use of vegetation to reduce 
slope failure and erosion. The 
aim is to design the slope so that 
vegetation and engineereGl 
structures mumally complement 
and reinforce each other. There 
is a wide range of potential 
options from vegetation used 
purely as the landscape dressing 
to an engineering solution, to 
vegetation used as the principle 
supporting element to the body of 
the slope. 

The action ofvegetation in 
preventing erosion from rainfall 
and runoff is well known. 

Thesemethods can be both 
cheap and effective. 

application on geological sites. In all 
cases a solid rock foundation is 
essential- these structures cannot be 
built upon waste material. 

Other important factors 
With every possible design to 
provide stable slopes there are a 
number of important additional 
factors to consid,er as follows: 

•	 Hydrology and hydrogeology 
Ground water levels need to be 
assessed to establish whether 
parts of the exposure could flood. 
In addition surface drainage needs 
to be directed away from the SSSI. 

•	 Leachate control 
Leachate will build up in any 
landfill either as a result of rainfall 
or ground water infiltration. 
Measures need to be taken to 
ensure that any build up is 
controlled, and does not lead to 
either pollution around the 
geological exposure or a 
hydrostatic pressure build-up 
behind a retaining structure. 

•	 Landfill gas 
Alllandfills will produce methane 
and carbon dioxide, both of which 
can be hazardous in confined 
spaces. Measures have to be 
taken to ensure that landfill gas 
cannot migrate and accumulate 
close to the geological exposures. 

•	 Access 
The provision of safe access, 
either on foot or by vehicle, is 
important. 

Conclusions 
If geological SSSIs are to be 
conserved in landfill situations both 
the waste disposal industry and 
planners must be convinced of the 
importance of the exposures. In 
order to achieve this aim 
imaginative, cost effective and safe 
solutions must be available. This 
project has advanced a number of 
new ideas which go some way to 
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Leachate 
Leachate  the liquor resulting 
from the rotting of material in 

Hydrology 
Where a geological exposure lies 

Landfill gas is one of the products of rotting refuse. Its main components 
are methane and carbon dioxide. Production rates vary depending on the 
type, age and wetness of the refuse. 

Although landfill sites are now designed to minimise leachate 
production there are associated problems created in terms of the potential 
for landfill gas to migrate. The use of tipping cells and the capping of 
landfill mean that gas cannot readily escape upwards, so that it tends to 
find its own way out, often laterally. 

The pOlential hazard;; are obvious. Methane can form an explosive 
mixturei/etween 5% and 15% concentration in air. Although lighter than 
air its mixture with carbon dioxide (which is denser), means that landfill 
gas has approximately the same density as air. Gas can therefore 
accumulate in confined or semi-confined areas near landfill sites 
depending on the atmospheric pressure. Carbon dioxide is also a 
potentially lethal gas as it can inhibit respiration even at low 
concentrations. The 10 minute Occupational Exposure Limit (OEL) is 1.5% 
by volume. ~ 

Clearly the design of a landfill site should incorporate a system for 
control of landfill gas. This may include physical barriers to control 
migration, and a passive or positive venting system to remove gas from 
the sit~. The DoE Waste Management Paper No. 27 details the problems 
associated with landfill gas. 

Although it is considered unlikely that landfill gas will accumulate in 
significant concentrations adjacent to an SSSI face, the area should be 
monitored for the presence of methane and carbon dioxide before to 
persons entering it. The Health and Safety Executive Guidelines GS5 
Entry into confined spaces must be followed at all times. 

above the water table it is 
necessary to provide adequate 
drainage to prevent surface water 
runoff and rainfall accumulating 
adjacent to the exposure. 

Clearly if ground water levels 
are likely to rise and affect the 
exposures, careful consideration 
is required to establish the 
feasibility of conserving the 
section. The provision of 
pumping may be necessary. The 
management of ground water also 
has a significant influence on the 
controlofleachate. 

Landfill gas 

refuse - is a highly polluting and 
generally unpleasant substance to 
deal with. A certain amount will 
always be produced but large 
quantities will result if either 
rainfall or ground water is allowed 
into the site. Most landfill sites are 
now designed to minimise 
leachate production but it is still 
essential to monitor leachate 
levels irrespective of whether the 
landfill is a 'containment' site or a 
'dilute and disperse' one. The 
ability to manage any leachate 
that develops is also needed. 

Maximum safe slope angles for 
various material types which can 
be used as cover, or in perimeter 
bunds in landfill sites 

Clay slopes 
Oow pasticity clays) 25° - 30° 

Granular slopes 
(well compacted) 30° - 35° 

Granular slopes 
(poorly compacted) 25° - 35° 

Inert demolition waste 25° - 45° 

11 

At present engineered soil slopes 
are normally used where it is 
necessary to provide a contained 
landfill The soil slopes comprise 
low permeability materials laid 
and compacted in layers. Where 
insufficient such materials are 
available, granular materials with 
artificial membranes can be used. 
However, many of the problems 
occurring around exposures are 
caused by the poor engineering 
of precisely these types of 
structure. 

10 



Nick Davey and StewaJ"t Campbell 
(If£C) and Dawid Parish 
~uckingharnshireCounty 
Museum) 

Introduction 
Located at the foot of the Chiltern 
escarpment in Buckinghamshire, 
Pitstone No. 3 Quarry (Marsworth) 
exposes deposits of Middle and 
Upper Pleistocene age, which have 
long provided evidence of former 
periglacial environments. More 
recently, however, the discovery of 
fossiliferous deposits has made 
Marsworth a key reference site for 
British Pleistocene studies; providing 
evidence for an additional temperate 
stage ('interglacial'?) between the 
conventional Hoxnian and Ipswichian 
chronostratigraphic stages (Mitchell 
et aI, 1973). Throughout, the 
scientific investigation of this critical 
locality has been made possible by 
the co-operation and generosity of 
the quarry owners and operators, 
Castle Cement (Pitstone) Ltd. 

At Marsworth, the Lower Chalk is 
overlain by a Pleistocene sequence 
circa 4 m thick, comprising mainly 
colluvial and solifluction (coombe 
rock) deposits. Locally, the surface 
of the Chalk and the Pleistocene 
sediments themselves, have been 
channelled and later infilled with a 
variety of chalk-rnuds, waterlain 
sands, fine gravels and organic 
muds. The detailed work of Green 
et al (I 9S4) has shown that two 
stratigraphically distinct and 

Pitstone No. 3 Quarry, Marsworth - the southern end ofth.e SSSI (the 'fossil 
promontory' is OD the far left). Pitstone Cement Works is in the distance. 
(photo by Nick: Dav~y) 

superposed channel-fill sequences 
are present 

Lower channel deposits 
The lower channel, cut into the 
Chalk, reaches some 35 m maximum 
width; its fill is highly fossiliferous, 
yielding molluscs, ostracods, beetles, 
vertebrates, pollen and plant 
macrofossils. Some 11,000 bones 
have been recovered, including 
those of wolf, brown bear, lion, 
mammoth, horse and northern vole; 
similar Mammuthus-Equus faunas 
have been described elsewhere in 

r:::-:l Coornbe rock ~ Organic-rich channel fillsDSoil ~ (involuted) ~ lOIn 
[!!]I Ice-wedge casts D Chalk rnuds (with rr==9 Lower Chalk 

sand and fme gravel) ~ 

Upper channel-fills (llippo fauna) 

Lower channel-fill 
(Mammuthus - &;gyus (; 

\ 

o Barn 

Composite Pleistocene stratigraphy at Marsworth (after Green et al., 1984 
and Worsley, 1987). 
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Britain (Stuart, I 9S2). The fossil 
evidence suggests that the fill was 
deposited in a marshy grassland 
environment, fed by a stream from a 
shallow spring. Travertine clasts 
from the lower channel-fill have 
yielded Uranium-series age 
determinations between circa 140
170 thousand years BP. 

Colluvial and solifluction deposits 
The stream environment was in time 
replaced by a land surface 
characterised by swampy 
depressions; the latter eventually 
being infilled by' colluvial deposits 
formed in an ensuing cold phase. 
These sediments are succeeded by 
coombe rock (solifluction deposits). 
some 2-3 m thick, which is intensely 
cryoturbated and exhibits fossil ice
wedge casts (Green et aI, I 9S4; 
Worsley, 19S7). 

Upper channel deposits 
The involuted upper part of the 
coombe rock is itself channelled; at 
one location Green et aI Cl 9S4) 
recorded an 'upper' channel S m 
wide, with similar, smaller. infilled 
depressions nearby. This upper 
channel deposit yielded abundant 
mammalian bones including those of 
hippopotamus. extinct rhinoceros 
and giant deer, but no other fossil 
material. The mammal fauna, 
corresponding to the 'Group I 
assemblage' of Currant Cl 9S9), 
indicates a temperate woodland 

Excavation in the lower channel-fill showing the organic sediments and an in
 
situ assemblage of mammoth bones.
 
(Photo by David Parish)
 

environment probably in the 
Ipswichian Stage (Stuart, 19S2; 
Green et aI, 19S4). 

A cornerstone for the British 
Pleistocene 
The implications of the 
stratigraphical, fossil and U-series 
evidence from Marsworth are 
considerable. Although the upper 
channel deposits can probably be 
ascribed to the Ipswichian Stage, the 
lower channel deposits find no such 
ready correlative The U-series 
dates for the lower channel-fill 
indicate a pre-Ipswichian age (that is 
pre-circa 125 thousand years BP), but 
one too young to fall within the 
Hoxnian Stage; the mammal fauna 
also tends to preclude a Hoxnian 
age. Green et al Cl 9S4) therefore 
suggested that these deposits date 
from a temperate phase intermediate 
in age between the Hoxnian and 
Ipswichian Stages. Whether this 
event was of interglacial or merely 
interstadial status remains to be 
resolved, thus confirming the site's 
outstanding potential for further 
research. It could well transpire that 
the lower channel sediments at 
Marsworth were deposited during 
the temperate episode shown in the 
deep-sea oxygen isotope record at 
Stage 7; being equivalent in age to 
temperate deposits from a river 
terrace context at Stanton Harcourt, 
Oxfordshire? 

The succeeding colluvial and 
solifluction deposits accumulated in a 
periglacial phase prior to th8 
temperate Ipswichian Stage. The 
chronostratigraphic correlation of 

these deposits, however, is far from 
clear; particularly given the current 
controversy surrounding the status of 
the cold 'Wolstonian Stage' in the 
British Pleistocene (Shotton, I 9S3; 
Sumbler, 19S3a, 19S3b; Rose, 19S7, 
19S9). Nonetheless, the periglacial 
sediments and structures provide 
significant evidence for unravelling 
the sequ~€e of events: the 
involutions can be traced through 
individual ice-wedge casts, and the 
permafrost conditions they represent 
therefore clearly post-date the 
casting event (Worsley, I 9S7). 
Likewise, the involutions are 
truncated by the erosive base of the 
upper (Ipswichian) channel, thereby 
pre-dating this temperate phase. 

Well-developed periglacial involutions in the upper part of the coombe rock 
at Marsworth. (Photo by Stewart Campbell) 
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The conservation story 
Pitstone No. 3 Quarry (Marsworth) 
was designated as an SSSI in 1976 for 
its well-developed periglacial 
features and a fossil soil of possible 
Allemd (Windermere Interstadial) 
age. During quarrying the important 
channel-fills were revealed, thereby 
significantly enhancing the scientific 
interest of the site. 

The smaller, upper channel-fill 
was discovered in 1976 by the 
Pitstone Local History Society. It was 
subsequently removed by quarrying 
but not before a detailed study was 
undertaken by specialists from the 
British Museum (Natural History). 
The even more important and 
controversial lower channel-fill was 
exposed in 19S0, and a controlled 
'rescue' excavation was initiated, 
involving Pleistocene specialists, staff 
from the Buckinghamshire County 
Museum (Aylesbury) and local 
volunteers Castle Cement has, very 
generously, allowed the conservation 
of this critical area as a 'fossil 
promontory', thereby ensuring a 
reserve of the deposit for future 
research. 

In I 9S9, as a measure of the value 
placed on this conservation success, 
Buckinghamshire County Museum 
presented Castle Cement with a 
replica of one of the mammoth tusks 
recovered from the lower channel
fill. The extensive conservation work 
required to reconstruct these tusks 
was undertaken by David Parish. 

While the upper (Ipswichian) 
channel deposits have been lost, 
other fossilif-erous sediments are 
known to occur north of the 'fossil 
promontory'. Castle Cement has 
agreed not to quarry this area for as 
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Alan McKirdy, NCC 

Coast protection and conservation 
- a IS-year conflict 

In 1961, the cliffs and foreshore 
exposmes of The Naze, Essex, were 
designated as an SSSI in recognition 
for their Pleistocene Red Crag 
deposits and the London Clay, which 
yields some of the most 
extraordinary fossil deposits of early 
Eocene age ever discovered. 

Coastal erosion has been 
recorded at The Naze, in Essex, for 
over 100 years. Although no 
residential property has come under 
threat, the promontory is a greatly 
valued local amenity; it protects the 
extensive saltings of Hamford Water 
from the sea and as one of the few 
unspoiled and undeveloped 
stretches of Essex coast, has been 
designated as a Public Open Space. 

For a decade or more, there was 
no conflict between the use of The 
Naze as a recreation area and its 
value as a scientific resomce. 
However, as coastal erosion 
continued apace the need for 
'something to be done' fast became 
an important local issue. In 1975, the 
Save The Naze Action Committee 
was formed to promote the case for 
coastal protection works, under the 
Chairmanship of the local MP, Sir 
Julian Ridsdale. Within two years, 
Tendring District Coun'cil (TDC) 
proposed a comprehensive coastal 
protection scheme, involving the 
construction of over a kilometre of 
precast concrete blockwork along 
the foot of the cliff, the construction of 
19 groynes, artificial beach 
replenishment and cliff drainage. 
Works on such a scale would clearly 
have halted marine erosion but at a 
cost of completely destroying the 
geological interest. The NCC 
objected and the issue went to Public 
Inquiry in 1978. A strong case for 
conservation was put by the NCC, 
supported by around 40 letters from 
academics and societies both at 
home and abroad, and the decision 
went in the NCe's favom. 

After a brief attempt to resurrect a 
modified scheme a year later, no 
further moves were made by TDC 
until 1984. A more modest proposal 
consisting of a wooden revetment, 
nine groynes and a programme of 
beach replenishment was then put 
forward. The NCC again objected 
and the Secretary of State for the 

Active erosion and slumping at The Naze. The cliffs show the Pleistocene
 
Red Crag unconformably overlying the London Clay.
 
(photo by Alan McKirdy)
 

Environment directed TDC not to 
proceed without further consultation 
with us. The scheme was eventually 
withdrawn and consultation began 
with the Ministry of Agriculture, 
Fisheries and Food (MAFF) to find a 
way forward. Strathclyde University 
was commissioned to study the 
mechanisms of cliff failme as a 
prelude to a more prescriptive 
appraisal recently completed by 
BMT Ceemaid Ltd. 

Throughout the fifteen years of 
controversy, press coverage has 
been intense. NCC staff have given 

Scientific interest of The Naze 
The London Clay deposits at The Naze are unique in yielding large quantities 
of fossil bird bones, which represent the richest and best preserved bird 
fauna of this age to be found anywhere in the world. Around 150 species 
have been described including varieties of parrot, pigeon, game birds, birds 
of prey, sea birds (gannet, cormorant), shearwater and a possible ancestor 
of the ostrich. 

The finds made at The Naze are often of largely complete individual 
specimens. Careful separation of the fossil bones from the clay matrix allows 
the reconstruction of the birds and a detailed pictme is emerging of bird life 
during Tertiary times. 

The London Clay has also yielded abundant fossil plant material and is the 
only locality to yield angiosperms in the form of carbonaceous 
compressIons . 

Lying above the London Clay is the Pleistocene Red Crag. This consists 
of 3 m of reddish-brown sands and shelly sands which are locally cross
bedded. Sediments of this age are rare in northern Emope, with the only 
other surface occurrences also come from East Anglia. Moreover, the 
section at The Naze, which has been designated as the stratotype of the 
Waltonian Stage, represents the oldest deposits of the Pleistocene in Britain. 
The Red Crag section is thus of international importance in its own right. 

six television and radio interviews 
and the local and national press have 
dedicated many colmnn inches to the 
story. Recently a group of local 
residents presented a 12,000 
signature petition to their local MP 
with the aim that it be passed on to 
the Prime Minister. 

With so much local, national and 
international interest focused on The 
Naze, it is an excellent testament to 
co-operation in conservation that a 
solution has now been found which is 
acceptable to both the Council and 
theNCe. D 

Crenulate bays 
an acceptable 
solution 
In 1988, Tendring District Council 
contracted British Marine 
Technology Ceemaid Ltd to come up 
with an engineerjng design which 
would reduce coastal erosion at The 
Naze to an acceptable level whilst 
maintaining the geological interest of 
the site, 

It was immediately apparent that 
preservation of the cliff top for 
recreation and allowing coastal 
erosion to continue were 
irreconcilable aims, The approach 
adopted was to attempt to predict 
future erosion over the next 100 
years, and estimate the land that 
would be lost to the sea during that 
period. This work showed that major 
land loss could be expected and 
BMT Ceemaid Ltd therefore 
proposed using a series of artificial 
headlands positioned along the 
coastline to bring the loss to within 
acceptable levels, As the intervening 
coastline recedes to form 
embayrnents, the recession rate will 
decelerate in relation to the degree 
by which the tidal and wave energies 
are reduced. Thus, over a period of 
years, which can be accmately 
estimated, a stable coastline will be 
established, The proposal is based 
on the 'crenulate bay model' of 
Silvester (1976), who by studying the 
formation of natural bays established 
a relationship which makes it 
possible to predict the development 
of stable bays based on the direction 
of prevailing wave energy. 

'This solution meets the needs of 
the NCC as the cliffs at The Naze will 
continue to be actively eroded for an 
estimated 100 years after the scheme 
is put in place. Thereafter a more 
stable cliff profile will be established 
However, the geological interest will 
still be available for study as the 
London Clay intertidal platform 
(where the best fossil material has 
been found) will be considerably 
enlarged by cliff retreat and the 
Quaternary section in the cliffs will be 
maintained by clearance works. The 
NCC have insisted that effective 
safeguard of the Red Crag section be 
included as a condition of planning 
so that successive officers of both the 
Council and the NCC will be bound 
by this obligation. 

In all five variations on the theme 
of 'bay development' were examined 
by TDe. The scheme illustrated was 
selected as the best value for money 

and, subject to MAFF grant aid, will 
be implemented. Construction of the 
headland groynes will take place 
gradually over a period of seventy 
years, thereby minimising 
distmbance to the site, Each 
headland will be assembled in stages 
so that as the cliff recedes, a link is 
maintained between the landward 
end of the groyne and the cliff-face, 
It is thought that the three groynes 
will have reached their full 
development after about 70 years, 

The major advantage of the 
engineering design is that it allows 
TDC to respond flexibly to changing 
conditions, so that the interests of 
recreation and conservation can both 
be served. 

These proposals, which 
effectively safeguard the international 
scientific importance of The Naze in 
perpetuity, mark the successful 
conclusion of one of the longest 
running and most bitterly contested 
controversies in the history of 
geological conservation. It 
demonstrates that 'engineering for 
conservation' is possible even under 

the most difficult circumstances. 

Reference 

Silvester, R 1976. Headland 
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the 15th Coastal Engmeering 
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Crenulate bays or 
foreshore berms: 
which option? 

The foreshore berm solution (see 
next article) stops cliff retreat and 
encomages beach build-up. It is 
therefore suitable for coastal sites 
where the interest lies principally 
in the cliff exposures. Where 
foreshore exposmes are the sole, 
or an additional interest, the 
crenulate bay model ensures that 
new such exposmes will be 
continually exposed as the 
coastline recedes. 

\ 

\ If 
\ 1/ 
\ / /
I /1
I I I 
I 11 
I \ I
~lic \ \ 

: open \ \ 

"space \\I 

,r '/'l 

g 

I ' I // 
/ / II . 

I / 

_ Tower ~~"'~ 
•
• J~ILl~~~ 

_- __ PredIcted "do nothing" 
recession line in 100 years 

Predicted recession lines based on 
"crenulate bay" model 

in 25 years 
- - in 50 years 
- - in 100 years 

\\,,\11((11111 Existing cliff 

_ Residential area 

• Proposed headland groynes 

N•
o 
I 

Metres 200 
I 

The Naze 
SSSI 

Clacton on Sea 

The 'crenulate bay' recession model for The Naze 

1716 



Foreshore berms 

Alan McKirdy, NCC 

As reported in the last issue of Earth 
science conservat.ion, the NCC has 
commissioned Hydraulics Research 
Limited to consider alternative 
methods of coastal engineering, 
Conventional designs such as mass 
concrete seawalls obliterate coastal 
geological exposures and hence the 
need to investigate new approaches, 
Although this work is not yet 
completed, a number of useful ideas 
have already emerged, 

Quaternary sections in particular 
pose a problem as unconsolidated 
deposits are readily eroded by the 
sea, Many such sites have been 
designated over the years as SSSIs, 
Where these sites are backed by 
development sites or high grade 
agricultural land, an immediate 
conflict arises between mailltaining 
the quality of geological exposure 
and safeguarding the landward asset. 
This problem is certaffily not new 
and we have reported many such 
cases in the past. 

Rock armouring or reinforcing the 
cliff toe with large boulders has long 
been used to limit the direct wave 
attack on the cliff and the position of 
the cliff line can be effectively held 
using this technique, Unmodified, 
this method of coastal protection is 
little better in its effect on the 
geological interest than the 
conventional sea wall, However, an 
effective and relatively cheap 
method of considerably slowing 
down the rate of marine erosion has 
recently emerged, If the design is 
modified to position the rock 
structure or berm at a distance of up 
to 5 m seaward of the cliff, then it 
remaills an effective barrier to 
incoming breaking waves whilst 
leaving the cliffs available for study, 
Erosion will continue, albeit at a 
greatly reduced rate, Varying the 
height of the rock structure has a 
direct effect on the wave climate at 
the foot of the cliff, and increasing the 
crest height will reduce the 
incidence of direct wave attack in a 
predictable manner. 

This very simple form of coastal 
engineering has many advantages 
over conventional techniques, 

•	 It functions in a quite different way 
to the conventional sea wall, The 
berm absorbs much of the 
energy of incident waves (which 
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The foreshore berm conceptual model. 

drop the sediment they are 
carrying) and as they return 
seaward the 'drag-down' effect on 
the beach in front of the structure 
is greatly lessened, In this way 
the structure enhances beach 
stability as well as rebuffing the 
sea, The conventional sea-wall, 
by contrast, largely reflects the 
waves without significantly 
diminishing their energy, which is 
then available to drag down the 
beach in front of it. Beach levels 
are thus lowered, and the wall is 
commonly undermined as a 
result. Costly repairs or beach 
replenishment is then needed 

•	 It is relatively cheap to construct 
and local materials can be used if 
they are available, 

•	 The structure should be relatively 
maintenance free, with essential 
repairs easily carried out. 

•	 The system is sufficiently flexible 
to allow for fine-tuning Le, 
increase or decrease in crest 
height to achieve the desired 
erosion rate, These foreshore 
barriers have been successfully 
constructed at Brean Down and 
Sandy Bay, as described 
alongside, and their performance 
is being monitored with a view to 
their more widespread use, D 

Sandy Bay, Northumberland 

Sandy Bay SSSI is an important Quaternary site for the study of glacial tills. It 
shows the fullest development of late Devensian till on the Northumbrian 
coast and many of the characteristics of lodgement deposition, The till rests 
partly on a striated shore platform and partly on glacially disturbed bedrock. 

In Earth science conservation No 24, we reported on the problems of 
coastal erosion at Sandy Bay, The till cliffs were eroding in a series of small 
embayrnents and Compass Leisure, the operators of the adjacent caravan 
park, were understandably concerned at the prospect of continued erosion, 
Wansbeck District Council, as the coast protection authority, declined to 
build protection works, as insufficient benefit would accrue to their 
ratepayers. However, they had previously commissioned a survey of the 
whole of their coastal frontage, to identify erosion hotspots' and provide 
solutions where appropriate, Compass Leisure drew on the findings of this 
report, compiled by Baptie, Shaw and Morton, and drew up a 
comprehensive protection scheme for Sandy Bay, However, this scheme 
made no provision for conserving the geological interest, so the NCC, using 
the 'engineered solution' developed at Brean Down (see opposite page), 
suggested a foreshore berm design as an acceptable compromise. After 
further discussion, Compass Leisure applied for permission to construct an 
80 m length of protection works using this design, This is now in place and 
its effectiveness is being monitored, If both parties find its performance 
acceptable then Compass Leisure will undertake further works covering the 
remaillder of their frontage, 
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The Brean Down foreshore berm
 

Brean Down SSSI, in Somerset, is a 
classic Pleistocene locality showing a 
fine sequence of breccias and 
aeolian sands exposed in a sandcliff, 
Palaeosols, one of which shows 
incipient calcification, occur at 
several points, The palaeontological 
interest includes terrestrial molluscs, 
mammals and re-worked forams, 

Rapid erosion of the sandcliff 
caused considerable alarm to the 
National Trust who own the site and 
also to archaeologists involved in the 
excavation of the nationally important 
Bronze Age site, located immediately 
adjacent to the receding cliff face, As 
reported in Earth science 
conservation No 23, the NCC 
successfully concluded negotiations 
with the National Trust and their 
consultants, Neil Duncan Associates, 
and agreed a mutually acceptable 
solution, 

The scheme now in place is a 
foreshore berm, It was designed to 
stop erosion entirely in the vicinity of 
the Bronze Age site whilst allowing 
erosion to continue along the rest of 
the Pleistocene section, The sandcliff 
is pounded by Atlantic storms so the 
structure had to be designed to cope 
with swell-waves of considerable 
destructive force, Stability problems 

The existing recurved sea wall at
 
Brean Down, with the foreshore
 
berm in the distClnce.
 
(photo by Stewart Campbell)
 

The foreshore berm located in front of the sandcliff at Brean Down. 
(Photo by Stewart CampbelI) 

were ove~~me by selecting 
sufficiently large sized armour stone, 
thus ensuring that the structure is not 
unduly disturbed by wave attack. It 
has been in place for two years and 
so far no mailltenance work has been 
required, Erosion of the face 
adjacent to the Bronze Age fort has 
completely ceased since the 
blockstone there is piled directly 
against the cliff Elsewhere, the 
armour stone was placed offshore 
some 5 m away from the base of the 
sandcliff, As and when the structure 
is periodically overtopped by storm 
waves, erosion will take place, but at 
a considerably reduced rate, This 
will ensure that fresh exposures will 
be mailltailled The 5 m gap 
between the base of the sandcliff and 
the foreshore berm is likely in time to 
fill up with sediment swept ashore 
from the Bristol Channel or material 
fallen from the cliffs. It may therefore 
be necessary to remove the 
accumulated sediments from time to 
time in order that the lower levels of 
the cliff are re-exposed, This 
eventuality is provided for in a 
management agreement which the 
NCC has negotiated with the National 
Trust. 

This is an excellent example of 
'engineering for conservation' and 
the National Trust are to be 
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congratulated for their willingness to 
cooperate, 

D 

Close-up of the rock annour wall 
and 'berm flat' behind it. 
(photo by Stewart Campbell) 
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National Museums of Scotland,
 
Edinburgh 

Wood, Panchen and Smithson 
concluded their 1985 paper on the 
new early Carboniferous terrestrial 
fauna from East Kirkton (see Earth 
science conservation 25 pages 
22-28): "We do not exclude the 
possibility of the discovery of the 
earliest reptiles." In 1988 Stan Wood 
found such a reptile - a splendid 
example of the predictive value of 
science. 

Recognising the importance of 
what he had found, Stan launched it 
to the world's press - who promptly 
dubbed it "Lizzie the lizard"l - in 
November 1988 at the British 
Museum (Natural History), where it 
was temporarily displayed. At 
£175,000, the fossil was felt to be 
overpriced by the British museums 
to whom it was offered for sale, and 
they declined to buy. In April 1989, 
the Staatliches Museum fur 
Naturkunde in Stuttgart, well known 
for its Jurassic marine reptiles from 
Holzmaden, agreed to buy the 
specimen for the new price of 
£180,000. 

I! was thought that an export 
licence was required to export any 
object more than 50 years old with a 

The eight-inch long reptile 
(photo by Stan Wood) 

value over £20,000. Stan Wood 
therefore applied to the Department 
of Trade and Industry for such a 
licence. The matter was referred to 
expert adviser Dr L R M Cocks of the 
BM (NH), supported by Dr A C 
Milner and the writer, to decide 
whether this specimen met one or 
more of the Waverley criteria 

Restoration of the oldest-known reptile, by Dr Michal Coates. 
(photo by Stan Wood) 

Dr. Cocks decided that it did, and the 
matter was therefore referred to the 
Reviewing Committee on the Export 
of Works of Art the first time any 
geological specimen has come 
before them. Stan Wood and the 
expert advisers presented written 
cases to the Committee, and 
appeared before them on 
8 December 1989. The Committee, 
which is composed of six people 
from the arts world, were assisted by 
three independent assessors 
Drs Bev Halstead, Gilbert Larwood 
and Alec Panchen, who are all 
recognised experts in the field of 
palaeontology. A decision was made 
to recommend to the Minister for the 
Arts that judgement whether to grant 
an export licence should be deferred 
for four months, giving UK museums 
time to raise funds to match the 
Stuttgart offer. 

On 21 December 1989 the 
Department of Trade and Industry 
ruled, on legal advice, that, not being 
manufactured, or produced, fossils 
were not subject to the Export of 
Goods (Control) Order 1987. 
Clarification of this decision has been 
sought in a written Parliamentary 
question of 8 January 1990 by Tam 
Dalyell, MP for LinlithgOW, from 
whose constituency this fossil was 
collected. 

Stuttgart Museum will not receive 
its purchase funds until April 1990. 
Both that museum and Stan Wood 

The Export Committee decided that 
the fossil reptile meets criterion 3 
since it is of outstanding significance 
for the study of palaeontology and 
evolution, being 40 million years 
older than previously known reptiles 
from Canada. It alters the current 
perspective of the time scale of 
radiation of early reptiles and of 
tetrapod colonization of the land. 

The NMS hold one of the world's 
finest collections of Palaeozoic 
vertebrate fossils, with many 
critically import and type 
specimens, and since 1987 have 
been systematically excavating the 
sequence from which this specimen 

have agreed that if NMS can raise 
comparable funds by 27 May 1990 
they should acquire the specimen. 
The Trustees of NMS have voted a 
significant sum from their 1990-91 
Purchase Fund towards the 
acquisition of this specimen, and 
decided to attempt to raise the 
remainder by appeal (potential 
patrons and sponsors, please note!). 
The spirit of the Export Committee's 
wishes can thus, fortunately, be met. 

The wider question of the 
protection by export control of 
outstanding specimens of the natural, 
as opposed to the man-made, 
heritage remains to be answered. 

The specimen can be seen at the 
Royal Museum of Scotland, 
Edinburgh, as an added attraction to 
the exhibition of paintings and 
sculpture 'Dinosaurs Past and 
Present' (1 March - 27 May 1990). D 

was collected. It would be a great 
misfortune if this key specimen were 
divorced from the rest of the biota. 

Palaeontologists regard the 
specimen as important for more 
specialised reasons. Dr Tim 
Smithson places this specimen in the 
Amniota (non-amphibian tetrapods: 
reptiles, birds and mammals) on the 
basis of certain foot bones that it 
shares with living amniotes, and on 
the pattern of skull bones that it 
shares with other Carboniferous 
amniotes. The specimen has also 
been briefly studied by Professor 
Bob Carroll. He notes that key 
skeletal characters needed to 

~')it! •. " 

20 21 

establish amniote affinities - palate, 
brain case, skull bones and upper 
jaw teeth - may all be present, but 
they require to be explored by the 
most careful preparation. Until that 
is done, its relationship with 
presently known groups of 
Carboniferous amniotes must 
remain unclear. It remains to be 
seen if this specimen will help to 
resolve the problem of the 
relationship of amniotes to non
amniotes. As Bob Carroll points out, 
this is the most significant specimen 
yet found at East Kirkton, with the 
greatest potential for adding to 
scientific knowledge." 

Export controls: 
the Waverley criteria 

Control of export of highly important objects from UK is governed by the 
Export of Goods (Control) Order 1987 SI 2070 made under the Import, 
Export and Customs Powers (Defence) Act 1939. The Reviewing Committee 
on the Export of Works of Art meets to hear licence applications which have 
been referred to it by the Department of Trade and Industry, following an 
objection from an Expert Adviser. The criteria used to assess an object's 
national importance are known as the Waverley criteria, after the Committee 
set up i.rJ.l1'950 under the chairmanship of Lord Waverley. They are as 
follows: 

Is it so closely connected with our history and national life that its 
departure would be a misfortune? 

2	 Is it of outstanding aesthetic importance? 

3	 Is it of outstanding importance for the study of some particular branch of 
art, learning or history? 

The Reviewing Committee on the Export of Works of Art. 1989. Export of works of art, 1988-89. 35th Annual Report 
HMSO, Cm. 834 London. 

Carroll, RL. 1988. Vertebrate palaeontology and evolut.ion. Freeman & Co., New York. 

Rolfe, WD.I., Milner, AC. & Hay, F.G. 1988. The price of fossils. Special Papers in Palaeontology 40. 139-171. 

Smithson, T.R 1989. The earliest known reptile. Nature, London 342.' 676-678. 

Taylor, MA and Hart, JD.C. 1988. Palaentological site conservation and the law in Britain. Special Papers in 
Palaeontology 40' 21-39. 

Wild, R 1988. The protection of fossils and palaeontological sties in the Federal Republic of Germany. Special Papers 
in Palaeontology 40. 181-189. 

Wood, S.P., Panchen, AL. & Smithson, T.R 1985. A terrestrial fauna from the Scottish Lower Carboniferous. Nature, 
London 314: 355-356 



Lessons for Britain? 
To the UK observer, the Dublin 
meeting struck a number of chords 
that seemed to echo across the IrishDes O'Halloran, NCC 
Sea. 

On 1 December 1989 the Geological The evident enthusiasm for 
Survey of Ireland (GSI) hosted a landscape conservation is currently 
seminar in Dublin on the an issue in Britain with Government 
'Conservation of earth science Areas plans to merge the NCC in Wales 
of Scientific Interest'. Organised by and Scotland with the respective 
the Irish Association for Quaternary Countryside Commissions in those 
Studies (IQUA) , with support from the countries. In the past some critics 
National Committee for Geology and have accused the NCC of adopting 
the GSI, the broad-ranging agenda a rather lofty and sometimes 
covered the conservation of geology, dismissive stance on landscape 
geomorphological features, soils and issues, Whatever the truth of the 
peatlands in the Republic of Ireland, matter such attitudes seem out of 
As a wider backdrop contributions tune with the times and unlikely to 
from Dr Bill Wimbledon (NCC), who prevail for much longer. 
delivered the keynote address, and 

Clints and grikes in the Burren, County Clare. This remarkable landscape is 
Likewise the argument that local 

Mr Joe Furphy (DoE, Northern 
shortly to receive legislative protection when the south-eastern part of the 

extraction takes place. The tragedy The notion that a protected support for sites was needed if real 
Ireland) examined the successes and 

Burren becomes Ireland's fourth National Parl<. 
is that alternative gravel sources are landscape has great amenity value is long-term conservation was to be 

failures of earth science conservation 
(photo courtesy of the Irish Tourist Board) 

available if only some legal not, of course, new, but the focus secured, echoed the British 
efforts in Great Britain and Northern protection could be attached to the becomes somewhat sharper when it Government's stated view that reearth science sites received no that the IQUA had decided toIreland respectively, most important sites. is realised that tourism is Ireland's organisation of the NCC into specific legal protection. He was convene the meeting at this time. The meeting opened with an second largest industry. In this separate bodies for England, applauded when he said that the Irish In organising the meeting, Donaladdress by Mr Brendan Daly, Directions for the future context a clean bill of environmental Scotland and Wales was needed togovernment was now ready to Daly is to be congratulated on theMinister of State at the Department of Underlying the day's proceedings health becomes perhaps less of an "take more account of differences in review this issue and would welcome broad range of expertise andFinance, who is responsible for was the question of whether Ireland ethically desirable aim and more of local conditions between differentsuggestions as to how such experience which he gathereddirecting the Office of Public Works needed a statutory system of an imperative for economic well parts of Great Britain". protection could be best achieved. together The list of speakers, in(OPW). The OPW is the custodian of protection, comparable to that in the being. It is hard-headed arguments A further point of contrast was addition to earth scientists, includedthe numerous National Monuments, UK, or whether earth science such as this which are likely to catch the willingness of Irish Regaining the momentum a botanist, an archaeologist, a soil the National Parks, a growing conservation in the Republic should the attentisP' of both politi€ians and conservationists to recogniseIn his opening address Donal Daly scientist, environmental consultants, a number of Nature Reserves and the follow other paths. The debate developers, peatlands and soils as earth science(GSI) gave a realistic review of the caver and a representative from the Wildlife Service, The minister  showed a clear consensus in favour The point was also made that it concerns. These two subject areasprogress towards effective earth extractive industry. The meeting waswhose speech touched upon the key of legislation to offer some protection would be unrealistic to fight an were not covered by thescience conservation in the Republic very well attended despite a lack ofissues of heritage, landscape and to earth science sites, and equal isolated corner for earth science Geological Conservation Review to date. The pioneering work of the interest from bedrock geologists.tourism which were to dominate agreement that effective protection conservation It would be more (GCR) and accordingly there are no1970s, which identified over 1000discussion later iQ the day  and monitoring would not be effective for it to take its place geological SSSIs representing them, Areas of Scientific Interest (ASIs) , Key issues: peatlands and eskersacknowledged that many earth possible until the Wildlife Service alongside all other forms of although many biological SSSIs including some 339 earth science Two key concerns surfacedscientists felt disadvantaged because employed at least one geologist on conservation - biological, cover peatland areas, Whether a sites, had culminated in the repeatedly during the day-long 

its staff archaeological, historical- under the GCR-type site selection exercise ispublication of the 'Blue Book' listing meeting; the rapid destruction of 
In justifying the case for such term 'heritage conservation'. All needed to cover these gaps is anof ASIs in 1981. Since then the Ireland's peatlands and the threatConference summaries legislation, however, the meeting aspects of local heritage deserved to open question, but it does seemmomentum had dropped badly, and posed by the extractive mineral 

advanced a much broader rationale be saved for future generations, and likely that NCe's earth scientists willearth scientists had fallen far behind industry to the country's richI do not report here on the details than that normally presented in the packaging earth science sites in this become increasingly involved in the biologists in the conservation geomorphological heritage.of all the lectures delivered at the UK. The case for conserving sites for way, alongside other interests, would these areas, not least because soilsbattle Only biologists had found Although significant disturbancemeting as extended summaries scientific (research and educational) be more likely to win local approval represent the interface between theemployment in the main to the peatlands dates back to landare available in published form as purposes - familiar arguments to and support than specialist pleas that earth and biological sciences. conservation bodies and earth drainage schemes of the 17th andfollows; readers of this joumal- was a site should be protected for the I left the Dublin meeting science ASIs, although known to local 18th centuries, the main damage 
effectively stated, but it was benefit of academics based at some impressed by the pragmatism, and Daly, D. (editor), 1989, authorities, had little practical dates from this century with their 
refreshing to see the ready remote seat of learning, down-to-earth character of the Conservation ofearth science protection against damaging exploitation for fuel production. 
acceptance of more populist attitudes Developing this point Donal Daly conservationists I had met that day. Area.? ofScientific Interest,. developments. Now was a good Recent studies suggest that less than 
as well. and John Feehan argued that winning I suspect that these attitudes haveSymposium proceedings. Irish time to redress this situation as 4% of the original area of raised bog 

To the fore was the realisation that local recognition is a prerequisite to not developed entirely from Association for Quarternary awareness of the need to conserve is sufficiently intact to merit 
conserving landscapes per se was an effective long-term conservation. preference but, in at least equal Studies ISBN 0947920 10 2. the national heritage had expanded conservation. Improved 
equally viable and necessary Their approach amounted to a measure, out of urgent need; the greatly over recent years. The mechanisation of peat production isCopies are available on request approach. Moreover, it could pragmatic, populist rationale for reality of conservation in Ireland is enormous public interest shown now extending this threat to thefrom Mr Michael Healy, IQUA sometimes offer an umbrella under conservation as opposed to the elitist that, to have a chance of success, during Irish Geology Week in 1988 blanket bogs, while private plantingTreasurer, Department of which sites of specific scientific approach in which scientist and you have to meet the local peopleproved that geology could appeal to of coniferous forest could engulf theGeography, University College importance could shelter. The bureaucrat joined forces to tell the and developers halfway and talkthe public imagination. Moreover peatlands of the western seaboard.Cork, Cork, Ireland, at a cost of natural beauty of the Irish landscape rest of society what is best as their language. Ironically, however, the recently formed, government Conserving what remains requiresP£4.00 (or sterling equivalent) deserved recognition as a critical regards conservation. Such an that in itself is no bad thing and backed National Heritage Council, urgent action.inclusive of postage, Cheques factor in forging both local and approach can only be healthy and perhaps we need, in dealing with whose role it would be to formulate Likewise, the threat to Ireland'sshould be made payable to the national identity, and as the bodes well for the future of earth conservation issues in the morepolicies and priorities, would be glacial deposits, such as eskers, canIrish Association for Quaternary inspiration for much artistic science conservation activities in remote parts of Britain, to take that willing to listen to coherent result in rapid destruction of theseStudies. endeavour, both past and present. Ireland 0 lesson on board. argument. It was for these reasons irreplaceable features, as gravel 
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Wooded esker ridge in County Offaly. The scientific importance and striking 
scenic value of such features are increasingly threatened by gravel 
extraction. (photo by Donal Daly) 



Many readers will be aware of the Once complete, the data base will The NSGSD records are David Norman, NCC dinosaur bones were recovered and, David Ward, has revealed many
'National Scheme for Geological Site be available for a variety of extensive and include data on following contact with the City fragmentary pterosaur bones andHornsleasow Quarry SSSI,Documentation' (NSGSD) which was purposes. It will be invaluable in boreholes , mines, disused and active Museum, Gloucester, a major site teeth (both 'rhamphorhynchoid' andGloucestershireinitiated in 1977 (see Earth science monitoring site gains and losses quarries and pits, restored sites, excavation was undertaken, with 'pterodactyloid'), many teeth of small 
conserva /.ion No 21), Since then 51 across the country to a level of detail geomorphological features and Homsleasow Quarry (known to most assistance from the quarry owners lizards, crocodiles, some chelonian
recording centres have been just not possible at present. natural exposures, Each site has a geologists as Sn6wshill Hill Quarry) Huntsmans Quarries, the Crickley (turtle) scutes and a few fish teeth. 
established, mainly based in Research workers will find new file based on fieldwork and literature was notified as an SSSI for its Hill Archaeological Trust's Mobile Perhaps most interesting of all the 
museums, each collecting and information on the distribution of searches, and from it, a summary Bathonian stratigraphy in 1986, This Field Team and the NCe An interim fossils recovered, despite their
recording information about local particular horizons or fossil zones, Record Sheet can be called up which quarry shows a thick sequence of report has been completed by Roger diminutive size, are the teeth ofsites, and teachers will be able to plan field lists all the key features of the site, Bathonian oolitic limestones and thin Vaughan, the geological advisor to primitive mammals (the tritylodontid 

The NCC has supported this trips in their local area or further clay lenses which correlate well with Gloucester Museum, and copies can Stereognathus and a possible
project from the start and is now afield with greater ease. Alan McKirdy, NCC thinner sequences elsewhere in be obtained at a cost of £5.00 from eupantothere), Research on this site Dfunding an ambitious second stage. Gloucestershire, Gloucester City Museum. is far from complete, but already the
Over 25,000 records have been We need the help of: The sequence includes, from The clay lens is developed on a importance of the fossil remains is How can you help thecollected to date, and are held locally bottom to top: Clypeus Grit, weathered surface on top of the Hook evident. The new discoveries add to• local geological societies at recording centres. The aim now is NSGSD? Chipping Norton Formation, Sharp's Norton Member and was excavated the importance of this site, not only • county trusts for natureto set up a Geological Records Hill Formation and Taynton systematically, using a grid system for its stratigraphy which is alreadyconservationCentre which will maintain a Despite the achievements since Limestone, The length of the reminiscent of that used for well established, but also for the new• university and college staff andcomputerised bank of site records, 1977 the coverage remains sequence, combined with the excavating archaeological sites, insight it provides into the evolution studentsvalidated to nationally agreed patchy. Scotland and Wales are richness of the marine fauna Much fossil material was recovered, and relationships of vertebratesstandards, as an information particularly poorly represented • school teachers and pupils (predominantly molluscs and ranging from large dinosaurs; during Lower Bathonian times. 
resource for future site conservation, with only Tayside, Angus, Skye • adult education classes echinoderms) did much to enhance vertebrae, limb and girdle bones of a 

The British Geological Survey and Clwyd covered at present. its importance for correlation large sauropod dinosaur• individual amateur and o(BGS) was appointed as the The scheme needs more professional geologists, elsewhere, especially in Oxfordshire, (Ce/.iosaurussp); many teeth of
contractor for this project in 1989 and volunteers to help collect During quarrying in 1987 a clay smaller carnivorous dinosaurs If you wish to become involved, Pre-excavation log of quarry faceinputting of records is well under information both in the field and lens, at the top of the Hook Norton (coelurosaurs); and teeth of various Mick Stanley, the NSGSD co at Hornsleasow Quarry. way, This phase of the work is from other sources, Local groups Limestone, was revealed and this herbivorous dinosaurs (including ordinator, would be delighted to
expected to last three years, A or interested individuals can play was examined by a local amateur fabrosaurs and stegosaurs), Sieving hear from you. You can contact 4mfurther phase, involving stratigraphic a vital role in recording exposures geologist, Kevin Gardner. Several of the clay, with the assistance of him clo Derbyshire Museum
and lithological indexes, will follow across the whole country for Service, John Tower House, The 
and BGS will continue to process posterity, Parkway, Darley Dale, Matlock 
new site data as it becomes DE42FW.available, >-0 

2 11'~~;jl ~lihrl"e 
E 
~I NCC aims to win over local authorities I § 3m 
'§ 
Z 
01Local authority planning departments have been well attended with a great authorities have taken this a."play a vital role in earth science deal of interest shown at a senior responsibility very seriously and the :.a0.

conservation, Often it is they who level within the counties, The aim of seminars serve to stimulate further u 
decide whether a site will get the the seminars is to emphasise the interest and foster new initiatives, 
legal backing needed for its effective responsibilities of local authorities for Firm plans have been made for a 

2mconservation, Unfortunately many nature conservation generally and further two seminars and more are in . ~ J Transgression
local authority planning officers and the central role which planners can the pipeline, 

';'S:;7:707;J~ layerelected council members are not play in safeguarding our heritage of The second initiative is the 
aware of the need to conserve SSSIs, NNRs and also in the wider planned publication of a leaflet for Green (iJlite-chJorite) clay 
geological sites and this is often countryside, This theme embraces planners and elected members with freshwater gastropods 

and venebrate remains reflected in the decisions which are earth science sites, with an which builds on the information given 2 Grey (smectite) clay with planttaken, The NCC has recognised that explanation as to why such sites are at the seminars and sets out a E debris and venebrate remains 
Q) I m ;:::----.....this attitude makes it more difficult to important, who uses them and for rationale for earth science :::E '......;.;;,:.;:.,.•. ~ Logs and 
§ dinosaur bones 
;:; ~"';-=-----1

argue successfully against damaging what purpose, Examples are given conservation in rather more detail, 
odevelopments, and has risen to the of instances where the planning The aim is to heighten awareness of 

:;;; ~ - Palaeokarsticchallenge with a two-pronged system has failed to protect important the importance and practical value of 8 -  surfaceinitiative, sites in the face of commercial or earth science sites and to :r: 
Firstly, the NCC has initiated a other pressures. Where sites are demonstrate that conservation and 

programme of county based threatened, site conservation is no development can coexist. This, 
seminars, aimed at elected local soft option and can only be secured if however, will only be achieved if 

SiJt- 'f' I' \' 'Coarseauthority members and professional decision-makers are clearly planners and elected local authority Very fine Medium 
Fineplanners at county and district level. informed of the scientific and members take on board these ideas o Limestone E!!J BurrowsSix such events have already taken educational value of such sites, and make them a reality, 

place covering the south-east of Most local authorities have given ~,'i::'\i:] Marine sands ~ Bio-debris
":,,:,.,, ~ (shells)England, Lancashire, an undertaking in Structure or Local 

Buckinghamshire, Derbyshire, Plans to protect and improve their D Clays [I] RootJets 

Shropshire and Nottinghamshire. All environment. In recent years, many Alan McKirdy, NCC D 
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The quarry face, prior to the excavation, showing the fossiliferous clay lens
 
(see pole with one-foot markings) where the dinosaur find was first made in
 
Hornsleasow Quarry.
 
(Photo by David Dartnell)
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Silurian fish- and anthropod-bearing strata at Birk Knowes. Lesmahagow. 
(photo by Steve Critchley) 

David Norman, NCC 

King's Quay SSSI, Isle of Wight 

In 1989 a planning application was 
made, which proposed the 
enlargement of Woodside Bay 
Holiday Village, at Wootton on the 
Isle ofWight. The old Warner's 
Holiday camp backs onto the shore 
here, which is of scientific interest for 
biological and geological reasons 
The development, as proposed, 
would not only have expanded the 
campsite further inland, but also 
seaward. The seaward development 
consisted of a large, 248 berth, 
marina which would cut right across 
the centre of the SSSI. 

Objections were raised by the 
NCC, and the developer was asked 
to submit an environmental impact 
assessment under the newly 
introduced European Community 
regulations. An engineering geology 
survey and report was duly 
prepared by Bruce Denness and 
submitted in August 1989. 

The report is very satisfactory 
from a geological perspective. It 
concludes that the inland 
development poses no threat to cliff 
stability. The marina development, 
however, would straddle the axis of 
an anticline, which plunges to the 
south and exposes, in the intertidal 
zone, older strata'than elsewhere in 
the vicinity. Finding ari. alternative 
site to replace these beds is 
problematical, and protecting or 
enhancing the existing geological 
section would be very costly. 

In response to this report, the 
developers changed the original 
plan and proposed a novel 
alternative which involves little 
permanent disturbance of the 
geology. In essence an offshore 
marina is proposed, linked to the 
holiday camp by a causeway 
supported on piles. 

This is good news for the 
geological interest. There will, 
however, be some disturbance 
during the sinking of the piles, and 
we will need assurances about the 
use of heavy plant on the foreshore 
during the work. There may also be 
a possibility of some palaeontological 
work on site during the construction 
phase - in which case the proximity 
of the holiday camp chalets may be 
of some considerable logistic 
advantage I 

It is clear that new proposals 

A 
N 

o 500rn 
I I 

Existing 
holiday village 

GCR tertiary fossil fIsh site 

• GCR palaeobotarucal site 

../""' Joint biological and geolo91cal SSSI boundary 
:.;; Crown Copynght 

A B 

Extended holiday village Extended holiday village 

The distribution of scientific interests at King's Quay SSSI together with the 
original (inset A) and modified (inset B) marina proposals. 

largely satisfy the geological needs 
of the site and may even offer an 
opportunity for further collecting. 
However, at the moment, the NCC is 

The scientific interest at King's Quay 
King's Quay shore is notified for two geological interests: palaeobotanical 
and Tertiary fish The site is unique, with representatives of fruits and seeds 
derived from the Osborne Beds, which in turn provide information on the 
environmental conditions during the Late Eocene. The site is therefore part 
of a network of sites which are essential for an understanding of the evolution 
of environments and communities in the British Early Tertiary. The fish 
remains are often found as 'whole body' specimens and the species present 
are unique to this area, although there are some similarities to the Green 
River fish of North America. More recently new material, including well 
preserved crustaceans and mammals, has been reported and stratigraphic 
revisions have established stratotypes for the Chapelcorner Fish Bed and the 
Fishbourne Member along this SSSI. 
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still considering the biological 
impact, and it remains to be seen 
whether the proposal will go ahead. 

D 

I Permit system for Lesmahagow sites?
 

The past few years have seen a 
striking increase in the number of 
visitors to the fossil sites on the 
Lesmahagow - Hagshaw Hills inliers 
(Shiel Bum, Birkenhead Bum, Birk 
Knowes, Dun Side and the Logan 
Water area) in southern Scotland. 

The sites themselves are of 
international importance for their 
fossil fauna and have been notified as 
SSSIs The NCC's responsibilities 
extend not only to the scientific 
community who wish to visit and 
sample from these important sites, 
but also to the site owners/occupiers, 
whose cooperation is vital if access is 
to be maintained to these sites. 

The increased pressure on these 
sites over recent years has 
implications for the livelihoods of 
landowners in the area. The sites are 
in and around working farms, and 
regular visits made for collecting or 
research to such busy places can 
sometimes create local difficulties, 
particularly at sensitive times when 
livestock can be disturbed (lambing 
time, for example). If the local 
farmers begin to consider this to be 
sufficiently intrusive as to jeopardise 
their own livelihood, then collectors 
may find themselves subjected to a 
blanket ban. 

In order to forestall such an 
'undesirable scenario' the NCC is 
proposing to introduce a permit 
system for visits to these sites. The 
permit system, if taken on, should 
provide a mechanism by which the 
NCC will be forewarned of site visits, 
and most importantly the timing of 
such visits; this should allow us to act 
as go-between so that the farmers 
will be reassured that visiting can be 

Call for comment 
At present we are at the early 
stages in developing this scheme, 
but before going any further I 
need to canvass opinion in the 
palaeontological community at 
large. The system will only work 
if there is a consensus in favour of 
it. If major problems can be 
foreseen I would like to know 
about them, so that modifications 
can be made, If you have any 
comments, objections or other 
points to raise. please write to me 
directly at the Earth Science 
Division, NCC. Peterborough 
PEl lUA. 

regulated. The permits will be held 
at the Ayr Office of the NCC (2 
Beresford Terrace, Ayr K.8-7 2EG) 
and by me'at GBHQ, and will be 
issued on request. 

The permits are very 
straightforward, requesting simple 
information about the names of the 
visitors and the time of the proposed 
visit. The permits will also cover the 
details of access arrangements, and 
any local restrictions which may 
apply at different times of the year. 

Upper Lathkill SSSI, Peak District 
National Park 

Monyash Quarry is an outstanding 
British example of a shelf developed 
reef This reef, with related 'flank 
facies' within the Eyam Limestone is 
arguably the best Dinantian 
example of its kind. Its association 
with subsequently developed 
caliche and marine limestones is a 
vivid example of the rapid sea level 
and palaeogeographic changes 
which occurred repeatedly during 
Dinantian times 

The owners of Monyash Quarry 
have become increasingly 
concerned about the levels of 
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1hope that this procedure, which 
will involve the minimum amount of 
bureaucracy, will ensure that access 
to these sites is maintained for the 
long term, and that valuable 
collecting will still take place. It is 
clearly imperative that all collectors 
and research workers become 
familiar with the arrangements and 
give some thought to the implications 
for their own-personal research 
plans 
David Norman, NCC D 

unauthorised and damaging 
activities occurring on this part of 
their land. Whilst access by 
geologists is not an especial 
problem, any additional damage, to 
fences and gates in particular, is 
most unwelcome. The NCC and the 
owners are in agreement that 
intending visitors must request 
permission to visit in advance and 
that access to the quarry must not 
be gained from the roadside. 

Please write to Mr and Mrs 
F Woolley, Nursery Fields Farm, 
Monyash, Bakewell, DE4 1]], or 
telephone Bakewell812760, in 
advance of your intended visit. 

D 



Seaham Harbour SSSI, County
 
Durham
 

Seaham Harbour is one of the most 
important marine Permian localities 
in Britain. The cliffs here provide the 
type section for both the Seaham 
Residue and the Seaham Formation 
as well as exposing the top of the 
Roker Formation. Collapse zones 
resulting from evaporite dissolution 
are excellently displayed and the site 
is probably the best in Britain for 
observing such effects. 

Easington Borough Council (EBC) 
recently expressed concern about 
the effect of wave erosion on the cliffs 
at Seaham They were particularly 
concerned about cliff retreat 
undermining a seafront carpark, and 
destabilisation of the cliff face. Both 
have led to an increased risk of rock 
falls onto the beach below which at 
some times of the year is very 
heavily used. At one stage the cliffs 
were facing a real threat of being lost 
under a coating of protective 
concrete. 

Negotiations between the EBC, 
EBC's consultant engineers and the 
NCC have, however, resulted in a 
scheme being proposed in which the 
exposure loss is minimal. The 
proposals, for limited infilling of 
undercuts, will obscure a small 
amount of exposure at the base of 
pa11s of the cliff but this will not 
seriously damage the site 

I Site news in brief. . . 

New hope for Westphalian
 
opencast sites?
 

The NCC and the Opencast 
Executive of the British Coal 
Corporation have recently drawn 
up a 'Memorandum of Intent'; an 
acknowledgement that the two 
organisations intend to work more 
closely together. 

In future, opportunities for 
creative restoration are to be taken 
up on opencast coal sites. This 
opens the door to conserving 
Westphalian sites which previously 
were considered 'unconservable' 
during the GCR site selection 
exercise. Further details will be 
given on this new initiative as they 
become available. 

The cliffs at Seaham, showing the Roker Formation overlain by contorted and 
collapsed Seaham Residue, which in turn is overlain by the Seaham 
Formation. (Photo by Colin Prosser) 

De-scaling of the cliffs has also been 
recommended to reduce the risk of 
rock falls, and this is welcomed by 
the NCC as it may also enhance the 
site by cleaning some partially 
overgrown faces. This scheme is still 
subject to final approval but the NCC 
is optimistic that it will go ahead. The 
willingness of the EBC and their 

Hands off Holwell Brook! 

Holwell Brook in Somerset shows 
numerous Rhaetian and Lower 
Jurassic fissure deposits in a face 
of Carboniferous Limestone. 

The owner, Mr Bullus of Valley 
Sawmills. Holwell, Frome, 
Somerset, has recently improved 
the site, cutting fresh sections 
through two of the fissures and 
providing stocks of loose material 
for study. He is, however, 
concerned about the amount of 
this material being removed, and 
asks that visitors, who are 
welcome to use the material 
during their visit, refrain from 
taking it away. 
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consultant engineers to take into 
account the scientific importance of 
this site when planning their coastal 
protection scheme has been the key 
factor in rescuing this site from 
destruction 

Colin Prosser, NCC o 

. I 

Barton Cliffs goes to 
Public Inquiry 

As described in Earth Science 
ConservafJon, No 26, page 27, 
Christchurch Borough Council 
proposed an eastwards extension 
of the coast protection measures 
at Highcliffe in Dorset, As 
reported, the two schemes 
proposed would have very 
damaging consequences for the 
remaining part of the Bartonian 
Stratotype, and the NCC referred 
them to the Secretary of State of 
the Environment for a decision. 
The Department of the 
Environment have now stated that 
a Public Inquiry will take place 
later this year. 

Fieldwork survey: who goes where?
 

Nature Conservancy Council 
survey to identify sites used for 
geological and geomorpho10gical 
fieldwork during 1987-1988. 
J. Robson, P.J.G Sutcliffe and 
R. Gant (1989). 

The School of Geological Sciences at 
Kingston Polytechnic was 
commissioned by the NCC to run a 
survey of geological and 
geomorphological fieldwork carried 
out in Britain during 1987/88. The 
survey assessed the nature, volume 
and location of fieldwork undertaken 
by secondary schools and institutions 
of further and higher education. In 
addition, the survey sought to identify 
signs of site misuse or overuse, sites 
where documentation would be 
useful, and to record sites of 
outstanding educational value. 

Although the NCC has conducted 
previous surveys in the 1960's and 
1970's this investigation covered a 
wider spectrum of institutions. A 
postal questionnaire was employed 
and, as a complete census was not 
practicable, a target proportion of 
each type of institution was 
canvassed. 

The response rate was 10%, with 
variation from different sectors 
ranging from 61 % for polytechnics 
and universities combined, to 8% for 
state secondary schools. In total, 
some 4% of all British secondary and 

In 1987, we published the first 
Geological Site Description sheets. 
Designed to assist fieldwork in 'A' 
level and undergraduate courses, 
each is an A4 sheet which gives a 
detailed geological description, a set 
of exercises and advice on site 
ownership and access. Two further 
titles have now been added and are 
enclosed with this issue. 

Cross Hands Quarry, Warwickshire 
Cross Hands Quarry, near Chipping 
Norton, is an SSSI exposing 
limestones of Middle Jurassic 
(Bajocian) age, and is used 
extensively for teaching purposes. 
The description sheet was prepared 
at the request ofthe owner, 
Mr Newman, who saw it as an 
effective means of regulating access 

higher educational establishments 
participated. 

Some key findings include: 

•	 Most visited counties Fourteen 
counties were identified as being 
particularly popular. England 
tops the league with 8 counties, 
and of these Cumbria, North 
Yorkshire, Devon and Dorset lead 
the field. Wales is represented 
with Gwynedd as the most visited 
county and Dyfed next in the 
ranking. The two most visited 
Scottish regions are Strathclyde 
and the Highlands. 

•	 Timing and duration Over half of 
all site visits took place in the 
period March - May, and 
September - October. 38% of 
visits lasted less than 2 hours, 
22% lasted 2-4 hours, and 28% 
lasted 4-8 hours. 

•	 Size of field parties Great 
variation was also recorded in the 
size of parties visiting individual 
sites; 47% comprised less than 20 
students and 14% had more than 
50 mem,bers. 

•	 Repeated visits Two-thirds of 
respondents had visited the same 
site on at least four previous 
occasions and one-third had 
repeatedly used the same site for 
at least ten years. For almost 70% 
of field trip leaders, personal 

experience was the main factor in 
deciding which sites to visit. 

Because of differences in 
methodology, direct quantitative 
comparisons cannot be made 
between this and the earlier surveys. 
However, on the face of it, the figures 
suggest that fieldwork in England has 
increased by approximately 25%, 
remained static in Wales and 
decreased by approximately 25% in 
Scotland. It was clear from the 
survey that secondary schools 
undertake the 'most active' fieldwork 
(eg collecting samples) and that site 
conservation would be aided by 
producing a code of conduct for this 
user group. 

Earth science education in Britain 
is at present in a state of flux. The 
GCSE, the re-organisation of 
university geology departments, and 
the introduction of the National 
Curriculum are all contributing to 
changing fieldwork patterns and a 
dramatic increase in fieldwork 
activity is anticipated as a 
consequence. Therefore, it may be 
worthwhile to run another survey in 
three to five years time to monitor 
what transpires, so that the NCC can 
adapt its fieldwork advice to meet the 
needs of the 1990's. 

Mike Harley. NCC o 

to the site by visiting parties. The 
sheet was written by Nick Davey of 
theNCe 

Cowraik Quarry, Cumbria 
Cowraik Quarry is situated on 
Beacon Edge, near Penrith. An SSSI, 
and a potential Local Nature Reserve, 
this long-disused quarry exposes 
Lower Permian dune-bedded 
sandstones Eric Skipsey, of the 
Open University's Cumbria Resource 
Centre, regularly uses the site with 
educational groups and has written 
the site descripnon. 

Geological Site Description 
sheets are an excellent way of 
encouraging good educational 
practice at geological sites. We are 
keen to publish more and are looking 
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to external contributors to provide 
the geological descriptions. Please 
contact Mike Harley in the Earth 
Science Division if you are able to 
help. D 

Geological Site Description
 
sheets currently available (free
 
of charge from the Earth Science
 
Division of the NCC).
 

Charlton Sand Pit (Greater
 
London)
 
Cherry Gardens railway cutting
 
(Avon)
 
Cliff Farm Pit (Humberside)
 
Cowraik Quarry (Cumbria)
 
Cross Hands Quarry
 
(Warwickshire)
 



I NCC earth science publications I 
In past issues of the journal a 

Geology teaching trails Teaching manual number of errors have been 
In postwar years, old mineral quarrying are more likely to be project represents a useful lead-in to incorporated inadvertently.

Staple Edge geology teaching trailworldngs have generally been recognised as an important teaching the planning system by maldng the Earth science field work in the The sketch reconstruction of 
a booklet (28 pages) and threerestored to either agriculture or and research resource, and their conservation of rock sections a more secondary school curriculum (36 pp the Rhynie area (page 12 ofIssue 
student's worksheets. Code E3Aforestry. However, over the last few effective conservation seen as a familiar and acceptable end use for A4). Code B8.1 price £2.00. 26) mistakenly shows a rock 
price £1.25.years, an increasing emphasis on beneficial afteruse The NCC is mineral sites. outcrop in the bottom right corner. 

diversifying land use, particularly in represented on the Steering Unless such restoration is allowed "a well-informed manual arguing a This error arose during the
Salthill Quarry geology trail (28rural areas has emerged. An Committee which guides the project for, the number of quarry sites strong case for the role of earth artwork stage. The author, Nigel 
pages). Code E3.8 price £1.00.increasing number of mineral and this offers us a chance to available for teaching and research science in the lower school Trewin, was understandably upset 

worldngs are being restored to a promote conservation-friendly purposes will continue to diminish. curriculum, GCSE and balanced at this, as the caption refers to theBurrator - Dartmoor landform trail 
range of afteruses, such as public policies and practice. The majority of mineral sites in this science examination courses. presence of a pool at this point in (24 pages). Code E3.11 price £1.50. 
open space, conservation of The 1981 Minerals Act country have permissions which pre Fieldwork is seen as an integral part the diagram. We apologise to Dr 
landscapes and wildlife, amenity empowered Mineral Planning date recent legislation, and many "As one has known the area in of this development ... a useful Trewin for this misrepresentation. 
woodland and other forms of Authorities (usually county councils) active quarries have no specific The NCC apologises to thequestion for many years I have no publication." (Times Educational 
amenity. to attach aftercare conditions to restoration or conditions attached. British Geological Survey forhesitation in recommending this Supplement, June 1988) 

Mindful of this trend, the Minerals mineral planning permissions at the However, as more sites came under failing to acknowledge BGSexcellent guide.... the NCC are to be 
Division of the Department of the outset and this has now become the the Mineral Planning Act, geological maps as a source ofcongratulated in this publication." "The booklet is, above all, an 
Environment have commissioned norm. So, on a green field site, with opportunities for conserving rock data for the geological maps of(Roger Beck, British Geologist, encouragement to teachers and 
Land Use Consultants to review the potentially very interesting geology, sections will increase. In each case, Shropshire (page 15 of Issue 26)Summer 1988). deserves the widest possible 
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