countries should also adopt such a policy
(Butler 1950), and it i s clear that the
actions of the NRIC met with general approval
from the international Earth science
community. Eventually the NRIC gained
official status, becoming the Wild Life
Conservation Special committee. The r e p o r t s
of these committees have determined the
Government's role in n a t u r e conservation up
to the present day.
The resulting National Parks and Access to
the Countrvside Act (1949) went on to
introduce conservation through planning
control, supplementing the established
technique f; conservation through site
purchase. In those days, effective national
planning controls were something of a novelty
and it was hoped that they could be used to
attain a reasonable balance between
conservation and the needs of competing
interests. The Nature Conservancy (which
later became t h e Nature Conservancy Council
- NCC) was set u p b y Royal Charter to
administer the new planning powers and it was
apparently intended to treat Earth science
and wildlife conservation on equal terms.
Earth and biological scientists had rarely
worked together on a conservation body, and
i t was soon found that the needs of the two
d i s c i ~ l i n e swere so different that their
efforts could not be integrated.
Consequently, a fundamentally distinct
programme for Earth science conservation was
developed and implemented successfully
through the planning mechanisms. Details of
how it worked (and still works) in practice
a r e discussed later in this paper, and
numerous case histories have appeared since
1967 in the journal Earth Science
Conservation. It i s worth noting, however,
that the Earth scientists became quite
proficient, both in running public inquiries
and in negotiating informal agreements (e.g.
over access) where the planning laws did not
apply.
Selecting localities for conservation must
always be somewhat subjective, but Earth
scientists have sought a rational and
objective system. Its successful operation
depends on combining the views of those who
have the relevant scientific knowledge with a
set of realistic criteria. First conceived
in 1 9 6 2 , this developed into the practices
used by t h e authors and others in the
Geological Conservation Review (GCR) Unit
and has constituted t h e sole basis of Earth
science site selection within the NCC since
1977 (Black 1978b, 1 9 7 8 ~ ) .
While these developments were underway, the
biologists were experiencing difficulties
because some potentially damaging operations
(e.g. farming, forestry) were not
controllable through the planning
procedures. Eventually, new legislation was
enacted to overcome these problems: the 1981
Wild Life and Countryside Act (amended twice
in 1985). This geatly expanded NCC's powers,
~ a r t i c u l a r l vbv enabling it to ~ r o h i b i t
damage to conserved sites (e.g. draining
wetlands, ploughing meadowlands), subiect to
compensation f i r any resulting loss of
profit. For each site, the NCC must now
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provide a list of 'Potentially Damaging
Operations' (PDOs), for which landowners must
give four months written notice if they
intend to c a r r y out one o r more of them
(Richards 1986). This allows NCC time to
negotiate with the landowner, to t r y to
minimize the damage. If no agreement i s
reached, NCC can ask the Secretary of State
for a Nature Conservation Order prohibiting
t h e operation. This change was framed almost
exclusively for the benefit of wildlife
conservation. As noted below, few of the
PDOs a r e s~ecificallvrelevant to Earth
science sites o r likeiy to benefit them.
Successful Earth science conservation must
continue to depend on operating mainly
through the provisions of the planning laws
a n d through consensus between the scientific
community and the lay public (Black 1985).
In recent years, the organization of Earth
science within the NCC has undergone dramatic
changes, causing considerable disquiet among
t h e outside scientific community. Many of
t h e developments have already been documented
in this journal (Crowther 1985) and need not
be repeated here.
SITE SELECTION AS PRACTISED BY THE
GCR UNIT
The coverage of Earth science 'Sites of
Special Scientific Interest' (SSSI) was
recently reviewed by the NCC's Geological
Conservation Review Unit. For reasons
explained below, site selection was based
exclusively on scientific criteria. This
resulted in two basic categories:
internationally important sites, to which
geologists from all over the world might need
to refer: and nationally important sites.
Those of purely local significance were not
included. The two categories a r e f u r t h e r
subdivided, a s outlined in the Appendix to
this paper.
Sites were selected after discussions with
relevant experts and receipt of both lay and
scientific opinions. Three f u r t h e r
guide-lines were also used. First, each site
had to make an important contribution to our
understanding of the geological interval,
fossil fauna o r flora, mineralogical
assemblage, o r other topic represented.
Second, preferance was given to sites
regarded a s fully representative of a
particular feature, o r occupying a
significant location (e.g. linking separate
core-areas of research) o r showing
significant lateral o r vertical variations
compared with standard sections. Third,
efforts were made to minimize duplication of
interest between sites. In principle, the
difficulty of conserving a site was not used
a s a criterion during selection, although
sites which would be impossible to conserve
(e.g. a working q u a r r y with a 'back-fill
order') were usually rejected.
CONSERVATION OF EARTH SCIENCE SITES IN
PRACTICE
Until recentlv. the onlv wav to safeguard a
site was b y purchase, -and 'turning it into a
'Geologcal Monument' o r 'Geological Park'.

Fig. 1.

Spittal Quarry, Caithness. A world famous Devonian fish sites, recently threatened by
infilling with domestic refuse. The site was saved, however, following a concerted
campaign of protest by the geological community.

This is probably still the most effective
means of conservation. Examples are the
'Fossil Grove' in Glasgow and the Achanarras
fossil fish site in Caithness. However, the
cost of purchasing and managing such sites
can be considerable, especially in urban
areas, and it cannot be used to provide a
comprehensive basis for conservation.

for a Public Inquiry to decide the matter.
At each stage, the NCC can only rely on i t s
powers of persuasion, and must therefore have
a water-tight case based on the best
scientific evidence. The GCR Unit was
originally established to provide this
evidence, and over the years has proved an
effective means of protecting sites.

A cheaper means of protecting sites is
through agreements with their owners.
Management of a site i s then taken over by an
independent body (usually the NCC) without
whose permission nothing scientifically
detrimental can be undertaken. The site
still belongs to the original owner, who is
usually compensated for loss of rights. Such
management agreements can of course be costly
(though still cheaper than purchase) and a r e
therefore made only for the most important
and sensitive sites.

The protection of SSSIs from developments
not requiring planning permission was
strengthened by the 1981 Wild Life and
Countryside Act. This was introduced mainly
for wildlife sites, covering such activities
a s agriculture and forestry. Relatively few
PDOs a r e relevant to Earth science sites,
and of those that are, most apply to
geomcrphological sites. Notable exceptions
a r e the dumping of agricultural waste (which
does not normally cause irreparable damage
because i t is usually easily removable) and
the collecting of specimens. Nevertheless,
the NCC usually nominates up to eight PDOs
p e r site (sometimes over twenty if there i s
a wildlife interest also), but few would in
practice affect Earth science interests.
Many landowners regard PDOs with some
suspicion, if not hostility, because they
appear to restrict ownership rights. As a
result, some landowners have become directly
antagonistic to conservation and Earth
scientists in general. Cases a r e known
where, a s a protest, all geologists have been
barred from a site. If the use of PDOs had
major advantages for protecting Earth science
sites, then this sort of thing could be
regarded a s regrettable but unavoidable.
However, PDOs seem to have few real
advantages.

Most of the conserved Earth science sites a r e
now protected through the planning laws.
Proposed development, which would he
detrimental to a site, normally requires
permission from the Local Planning Authority.
When the NCC designates an SSSI, the
Authority is required to notify it of any
application for development in the designated
area. If the NCC judges that the development
will damage the site, it then negotiates with
the developer to see if there i s any way in
which the plans might be modified to avert
this. Should no agreement be reached, the
NCC makes representations to the Planning
Authority, pleading that the development
should not be allowed. If faced with failure
again, the NCC can, a s an ultimate step, ask

t h e names given to conserved areas b y the
various founding bodies: 'nature reserves'
for wildlife sites and 'Geological Parks' o r
'Geological Monuments' f o r the Earth science
sites (Sheail 1976). Official conservation
bodies in this country have, however, tended
t o regard the two types of conservation a s
essentially similar. Seeking an improved and
more acceptable rationale, Ratcliffe (1984,
p.15) argued that both should be practised in
an essentially 'cultural' way, so that 'the
conservation of wild flora and fauna,
geological and physiographic features' should
b e 'for their scientific. educational.
recreational, aesthetic and inspirational
value'. This was little advance on Stamo.
being based mainly on the problems of
wildlife conservation. Earth science
received scant attention, beyond a brief
statement that the conservation of i t s sites
was largely for their 'scientific and
educational value. Nevertheless. Ratcliffe's
conclusions provide a starting-point for
developing a more meaningful rationale for
Earth science conservatioi.
~~
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Fig.2. Bearsden, Glasgow. One of t h e most
important Lower Carboniferbus fish sites
to be discovered in recent years. It
represents an example of close
co-operation between geologists (in this
case the site's discoverer, Stan Wood)
and NCC's Geological Conservation Review
Unit, who sponsored the excavation.

The importance of nature conservation i s now
widely accepted, and it should be 'an
essential concern of civilized society in
general and of governments in particular'
(Stamp 1969, p.61). During times of national
prosperity this might be sufficient to
justify the financial outlay for pursuing
realistic conservation policies. When t h e
economic climate is less favourable more
cogent arguments a r e needed.
One of the earliest cases for Earth science
conservation was made by Stamp (1969, p.42),
who noted its importance for maintaining the
habitats of plants and animals. He was aware
that such conservation also had an intrinsic
value, and that the issues concerned were
distinct from those of wildlife
conservation. However, he did not attempt to
analyse these issues, seeming content to rely
on the same type of consensus-based rationale
with which he justified wildlife conservation.
Stamp's clear-sighted realization that the
problems of Earth science and wildlife
conservation a r e different was reflected in

.

The importance of Earth science i s
indisputable. In addition to i t s values a s a
'pure' and applied science, i t occupies a key
position in linking many of the other
sciences (Holmes 1965, p.9).
Being
essentially field-based (however
sophisticated the laboratory follow-up) it i s
often bedevilled b y difficulties of testing
a n d reviewing hypotheses. In most sciences
this i s done experimentally, but Earth
science hypotheses a r e often only testable or
reviewable through 'static' observations in
t h e field. Site conservation i s t h u s vital
f o r the two basic activities in Earth science.
Ratcliffe's second reason for nature
conservation i s the site's educational
value. Earth science education must of
course always involve a high content of
fieldwork. However, i t does not necessarily
follow that formal conservation measures
should normally be used to protect terrains
for this purpose. The requirements of an
educational site a r e generally less demanding
than f o r a research site. To teach students
about types of unconformity, the examples
visited a r e unimportant, so long a s the
feature i s clearly displayed. Students can
work on a variety of sites yielding fossil
plant compressions to learn how to collect.
Generally, too, alternatives a r e available
when an educational site i s lost. When they
a r e not, then the original site may have been
unique enough to have made it inappropriate
a s a training ground, anyway. There can be
few cases where it i s justifiable to u s e
formal conservation powers (which could be
detrimental to the landowner) for saving a
purely educational site.
The recreational role, given b y Ratcliffe a s
a reason for conserving sites, has no really
independent validity. Like professionals,
most amateur Earth scientists a r e interested
in investigating a site and learning from
i t . Only a minority will want to collect
fossils or minerals without an interest in
their scientific significance. The
importance of amateur Earth scientists i s

Fig.3.

Doe Lea, Derbyshire. The international stratotype for the Westphalian B - Westphalian C
boundary, which was recently covered over by a weir. The left picture shows t h e site after
the construction of the weir, the right the results of the excavations made to recover the
site.

high and their needs are no different from
the professionals' when it comes to site
conservation. They have the same moral right
to site access (Duff 1979).

-.

Ratcliffe's remainine iustifications for
site conservation, the aesthetic and
inspirational, raise interesting matters
mostly beyond the remit of ~ i r t hscience.
As some geologically sensitive artists have
shown, quarries and muddy streams can have
aesthetic qualities, which might be deemed to
justify their conservation. The subjective
judgement needed to assess such qualities,
however, is quite different from that needed
to assess the scientific merit of a site, and
i s quite outside of the remit of Earth
science site conservation a s it would
normally be interpreted. There can also be
inspiration in these sites, but not
necessarily in the way meant by Ratcliffe.
An Earth science site can inspire anyone
making the effort to read it. Such
inspiration may come from an understanding of
the vastness of geological time o r details of
the evolutionary story. There may also be
inspiration in contemplating historically
important sites (e.g. Pingal's Cave, Hutton's
unconformity at Siccar Point). Except for
some geomorphological sites, which may have
scenic qualities, the inspiration from
'contact with nature' and with 'scenic
beauty' which Ratcliffe discusses also seems
to be outside of the remit of Earth science
conservation, a s normally interpreted.
In summary. the essential reason for
conserving Earth science sites is their
intrinsic scientific interest. Conservation
allows professional and amateur scientists to
consnlt and investigate exposures, and to
test, re-test and re-frame their hypotheses
o r interpretations. This has three major
consequences for conservation.
First, the conserved sites must be
scientifically very important (details of the
categories a r e discussed in the Appendix).
They should preferably be sites a t which
original researches were made. If these are
no longer available, then the closest
comparable British site should he conserved.
New sites must also he considered. A
stagnant list of 'important' sites has

progressively less relevance to an expanding
subject like Earth science (Benton
&l.
1985).
Second, bona fide scientists should not be
denied access to a conserved site, so long a s
they have permission from the landowner. It
has been proposed that access be restricted
in some cases, in order to extend a site's
life-expectancy (e.g. Duff 1985). Pressure
on sites within areas popular for student
instruction (e.g. Devon, Cornwall, Dorset,
Arran, South Wales) can he considerable
(Black 1966, 1971; Walton 1979), but very
few have been seriously damaged by
over-collecting (Benton and Wimbledon 1985;
Benton
&l. 1985). Par better to encourage
a more constructive approach to collecting
amongst geologists (Robinson 1987). The
provision of guides to alternative
educational sites (e.g. Lawson 1977; Duff
al. 1985) can also help to relieve the
pressure on particularly vulnerable areas.
Commercial collectors are alleged to have
damaged the interests of some sites (Gittins
1977; Duff 1979). but no figures a r e
available to prove significant deterioration,
let alone loss, of any such sites. In our
view, the extent of the damage on a national
scale caused by commercial collectors has
been exaggerated, and there are few cases
that we know of where the scientific interest
of a site has been seriously damaged by their
activities. It has become increasingly
accepted that some commercial collectors may
have a significant role to play in the
subject, and that they should not
unnecessarily be hampered by conservation
bureaucracy (Benton
1985; Wood 1985;
Durant
1986; Fowles 1986).
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Barring access to scientists (amateur and
professional) would divest sites of their
only real significance, so there would be no
point in conserving them. Imposing selective
restrictions (e.g. by allowing in only
'reputable' scientists) i s invidious, and
amounts to scientific censorship. Who would
he able to control such censorship
objectively? An independent body, such a s
the NCC, woud rarely be comoetent (see
Commcr~tsb y 1vimbl~:dbrt I ! J ~ G ) . lks11~icting
'
ni!czss to sites will rnrely hnvc i~lacticnl
br,nrrit i l t l r l Is scientifically ur!drtsirnhlt:.

Third, great care must be taken when
'site-cleaning'.
This always causes some
physical damage to the site a s well a s
deepening the weathering of the rock.
'Cleaning' can only b e justified if it
results in major scientific benefit; f o r
example b y combining it with organized and
concurrent studies of the new exposure. Many
such projects were undertaken by the GCR
Unit (described in various issues of
Science Conservation). Cleaning a site just
for the sake of it should be avoided.

Geological Conservation (Allen in p r e s s )
may have a co-ordinating and advisory role to
play. The situation i s unlikely to change
and the NCC will remain responsible. The
NCC i s , however, principally concerned with
wildlife conservation. It i s therefore
essential that the Earth science community
a s a whole participates in monitoring
potentially damaging developments on sites,
and actively campaigns to save them. This i s
the only effective way to conserve Britain's
rich heritage of Earth science sites.

FUTURE OF EARTH SCIENCE CONSERVATION IN
GREAT BRITAIN
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developments (e.g. new exposures created
through civil engineering works).
Presentation of the cases for maintaining
the scientific interest of all nationally
and internationally significant
localities, whenevkr threatened by
adverse development proposals.
Ongoing analysis of the cases for
maintaining or improving t h e scientific
localities subject to natural or man-made
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development of an integrated national
approach to Earth science data-storage.

The guiding principle behind the above i s
that Earth science conservstion should be for
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APPENDIX:

CONSERVATION BASED CLASSIFICATION OF EARTH SCIENCE SITES

I , internationally significant sites.
1, internationally recognized stratotypes.
a , IUGS-approved interval and boundary stratotypes.
Perhaps the most important sites for conservation, being keystones to the stability
of stratigraphy.
b , stratotypes currently used regionally o r globally.
Sites widely used to define stratigraphical intervals and boundaries before the IUGS
subcommissions have formally chosen a stratotype.
c, historical type sections.
Sites where rock and time unit were f i r s t described and characterized, but which w e r e
not selected by the IUGS subcommissions a s formal stratotypes (i.e. the remains of
category 1.l.b after 1.l.a sites have been removed).
2, internationally recognized classic landforms.
a , classic 'landform landmarks'.
Geomorphological features recognized internationally a s classics of their kind.
b. unique sites.
Landforms known nowhere else in the world; may also include unique superficial
deposits, fossil floras and faunas.
3, internationally recognized palaeontological sites.
a , type localities for species recognized a s important.
Applies only to species which have played a key role in understanding organic
evolution or palaeoecology.
b , sites yielding unique assemblages.
~ s ~ w i category
th
I.3.a, it s1
: only possible to conserve sites yielding assemblages of
key scientific importance.
c, sites showing unusual o r unique preservational states.
Sites where the fossils show unusual o r unique morphological features.
4, internationally recognized sites for rocks or minerals.
a , sites yielding unique rock-types.
b , sites yielding unique minerals.

11, nationally significant sites.

1, sites demonstrating major geological events in Britain.
a, stratigraphical sites.
Network of sites for each chronostratigraphical interval, reflecting the main
environments, sediments, landforms, faunas and floras.
b, tectonic sites.
Sites for each orogenic phase, showing the tectonic development of Britain.
c, igneous, metamorphic and mineralogy sites.
Networks of sites, representing principal phases of igneous activity, metamorphism
and mineral genesis.
2 , sites demonstrating the geomorphological evolution of Britain.

a , stratigraphical sites.
Network of sites showing variation in time and space of Pleistocene climates,
geomorphological processes, sedimentary environments, faunas and floras.
b , sites showing contemporary processes.
Network of sites demonstrating contemporary geomorphological processes and their
spatial variation in Britain.
3 , sites demonstrating primary fossil occurrences in Britain.

a , sites showing significant assemblages.
Mainly assemblages of taxonomic groups (e.g. vertebrates, arthropods, plants) which
are unusual and poorly represented in the stratigraphical sites.
b , sites showing unusual preservational states.
Sites showing unusually fine preservation (e.g. soft-body preservation).
4 , sites yielding the principal rock- and mineral-types in Britain.

a, sites yielding the principal rock-types.
b. sites yielding the principal mineral-types.

111, Locally significant sites.

1, sites demonstrating the geological development of an area.

a , stratigraphical sites.
Best sites in a particular area for demonstrating a stratigraphical interval, but
better seen elsewhere.
b, tectonic sites.
Best sites in a particular area for demonstrating a tectonic event, but better seen
elsewhere.
c, igneous, metamorphic and mineralogy sites.
Best sites in a particular area for demonstrating a phase of igneous activity,
metamorphism o r mineral genesis, but better seen elsewhere.
2, sites demonstrating the geomorphological evolution of an area.
a, stratigraphical sites.
Best sites for demonstrating the Pleistocene stratigraphy of a particular area, but
better seen elsewhere.
b , sites showing contemporary processes.
Best sites for demonstrating contemporary geomorphological processes in a particular
area, but better seen elsewhere.
3 , locally significant fossil localities.

a , sites yielding best assemblages in a particular area, but better represented eleswhere.
4, locally significant rock and mineral localities.

a , sites yielding principal rock-types in an area.
b , sites yielding principal mineral-types in a n area.

IV, duplicate sites.
1, geological sites.
a , stratigraphical sites.
b, tectonic sites.
c, igneous, metamorphic and mineralogy sites.
2, Pleistocene and geomorphology sites.
a , Pleistocene stratigraphy and palaeontology sites.
h , sites showing current geomorphological processes.
3 , fossil sites.

4, rock and mineral sites.
a , sites yielding particular rock-types.
h, sites yielding particular mineral-types.

COLLECTIONS INFORMATION NETWORK, GEOLOGY
COMPILED BY MICHAEL A. TAYLOR
This f i r s t edition of my tenure of the post
of recorder gives me the opportunity to thank
Don Steward for his hard work in setting up
CING on the basis of the Doughty Report's
s u r v e y data, and t h e various regional
recorders for their help. Revised sheets
continue to come i n slowly from all over the
country, so f a r this year mainly Wales,
thanks to Tom Sharpe.
Change of Recorder offers the chance of a
reappraisal but CING will continue just
a s Don started i t , a s a basic catalogue of
British museums with geological collections
and their associated services. There i s
little point in extending i t s range o r detail
(even had we the time and effort to s p a r e ) .
Systematic compilation of data on the content
of collections remains the province of the
regional Collections Research Units. We a r e
unable to make more s ~ e c i f i ccomments on the
storage, documentation and condition of
collections while we remain dependent on a
auestionnaire filled in b v r e s k n d e n t s who
a r e mostly not geologicai curators.
Presently (February 1989) about half the
existing CING database is on computer
disc and it will not h e long before we can
sort and extract o u r data. It is thus urgent
to bring our records u p to date, and I hope
to go some way towards this later in the
year, with the cooperation of the regional
Recorders, who have themselves seen some
changes in their numbers: Peter Crowther
(Bristol) is (at least temporarily) the
Recorder f o r the south west, Simon Timberlake
CAMSSEE) in the south east, Simon Knell
(Scunthorpe) is now t h e Recorder for
Yorkshire and Humberside, and David Bertie
(Peterhead) deals with Scotland.

CING 88 CARMARTHEN Museum, Abergwili,
Carmarthen. Dyfed
Geological public service: permanent
display; access to reserve collection;
no specialist curator; identification
service; not a NSGSD record centre.
Geological collections: c.1000-5000
specimens, including rocks, fossils and
minerals; condition f a i r , stored in boxes
with basic arrangement; 25% catalogued.
August 1987
CING 89

CEREDIGION Museum, ABERYSTWYTH

Geological public service: no display; no
specialist curator; not a NSGSD record
centre.
Geological collections: c.20-30 specimens,
mostly metalliferous ores.
CING 90 CYFARTHFA CASTLE Museum,
MERTHYR TYDFIL
Geological public service: no permanent
display; access to reserve collection;
no specialist curator; no identification
service; not a NSGSD record centre.
Geological collections: just ovzr 1000
specimens; rocks, fossils and minerals;
condition aood.. svstematicallv
stored in
.
trayed boxes on racking; all collection
documented but little old documentation
survives; major s t r e n g t h s in local Coal
Measures fossils and iron ores; includes
material from Guest Memorial Hall and
Mechanics' Institute, Dowlais and Warrington
Museum; cited coal specimens loaned t o
museum. December 1987.

