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EDITORIAL
Previous numbers of Earth Science Conservation (and its predecessor, the
Information Circular) have carried a wide range of articles ail with a common
pro-conservationist and pro-earth science approach. The practice of earth
science conservation, of necessity, leads to contact with numerous other
interests, such as local authorities, landowners, mineral extractors and scientists
in other disciplines who have diverse aims and responsibilities which can conflict
with earth science conservation. In an attempt to see ourselves as others see us,
this number contains a view of conservation as seen by the mineral ind ustry and
an account of the biological significance of limestone pavements. In presenting
these viewpoints, Earth Science Conservation follows precedents set throughout
the seventies when the Conservancy invited speakers from a wide range of
organisations to address a series of conferences convened to consider questions
such as Minerals and the Countryside (1970), Field Facilities in Geology (1975),
and Caves and the Community (1977). The latest - The Future Development of
Geological Conservation in the British Isles - was held while this number was in
press and will be reported in No. 17. In the past the interchange of ideas at such
conferences have provided useful insights and have led to the development of
understanding between the participants. It is with great pleasure that the
exchange of views is continued in this journal - further contributions
expressing attitudes to conservation from outside the conservation movement
would be welcomed.

The opinions expressed by the contributors to this Circular are not necessarily
those of the Nature Conservancy Council.

ISSN 0142-2324

1. EXCAVATION OF TWO CANDIDATE SECTIONS

FOR STRATOTYPES
IN-WALES BY THE NATURE CONSERVANCY
COUNCIL
A. WA. Rushton, Institute of Geological Sciences, London
R.A. Fortey, British Museum (Natural History), London
R. M. Owens, National Museum of Wales, Cardiff
Throughout the world the names for the main divisions of the Lower
Palaeozoic rocks are those taken from places in Wales and the Welsh
Borderland - the Cambrian, Ordovician and Silurian Systems. These are
subdivided into series which are likewise recognised throughout the world and
bear such Welsh names as Tremadoc, Arenig, Llanvirn, Llandeilo and
Llandovery. As these terms are used internationally, it is important that they
have the same meaning in all parts of the world and the best way of standardising
their use is to recognise a unique stratigraphical yardstick or "stratotype" to
which any other section may then be compared.
On grounds of historical priority it seems natural that the stratotype should if
possible be in the areas where the stratal divisions it represents were originally
distinguished and named. But it is even more important that a stratotype should
display features and yield criteria which will allow geologists to recognise beds of
the same age elsewhere - in other words, to correlate accurately other strata
with the stratotype. Thus the stratotype should ideally be well exposed, easy of
access and available for any accredited student to study; should be an unbroken
sequence of beds yielding an abundance of fossils and as many other features as
possible useful for correlation (an ideal section would contain fossils of
distinctive ancestral species overlain by fossils of their immediate descendants);
and, because one level in it is effectively defining the base of a stratal division, the
definition must, if feasible, conform with established practice and do as little
violence to previous usage as possible.
This leads to a difficulty inherent in the classic Welsh areas. The series
divisions were originally recognised there because the early geologists found
that, on w6i-king up through sequences of rocks, they could group the rocks and
their faunas into convenient recognisable divisions, each separated from the
adjacent divisions by a relatively abrupt change in the character of the rock and
its fossils. Subsequent research has shown that where the sequence is continuous
the abruptness of the changes is more apparent than real and the changes could
not always be recognised clearly in other parts of the world. Where the rock
sequence is not continuous the abruptness of the changes indicate some sort of
hiatus in the bed underlying the changes and, unless we know the cause of the
changes, we cannot assume that they occurred at the same time in every place
where we see them occur and hence we cannot safely use any such change as a
criterion for correlation. Thus the stratal boundary-point has to be selected very
carefully if it is not to do violence to the original concept (as marked by an abrupt
change) and is yet going to satisfy the criteria required for correlation. Any

geologist who has investigated the matter knows that critical sections across
major stratigraphical boundaries are difficult to find, especially in a historical
type-area, and this difficulty certainly applies in the Welsh Lower Palaeozoic.
The Nature Conservancy Council has lately excavated two promising
outcrops in Wales, one at the base of the Tremadoc Series and one at the base of
the Llanvirn. This work has upgraded the significance of these exposures and
they are both candidates for boundary stratotypes.
(A.W.A.R.)

SECTION AT THE BASE OF THE TREMADOC, BRYN-LLIN
FAWR, GWYNEDD.
The base of the Tremadoc Series has never been fully defined. Originally
based loosely on the Tremadoc Slates cropping out in the region of Porthmadog,
North Wales, the series in Britain has most generally been treated as the terminal
part of the Cambrian system, whereas in Scandinavia and other countries it is
taken as the basal division of the Ordovician. Thus over the years there have
been futile arguments as to whether the rocks and faunas of the Tremadoc Series
are more 'Cambrian' or 'Ordovician' in aspect - futile because we cannot
assume that there is one natural simple division to be drawn in the continuum of
rock-deposits or in the plexus of evolving life-forms.
In Wales and England the Tremadoc represents a period during which the
comparatively stagnant, poorly-oxygenated seas of the previous epoch (the
Merioneth Series). which were inhabited by specialised animals adapted to the
particular environment, gave way to better-oxygenated waters. The newly
established marine conditions allowed fresh forms of life to inhabit the seafloor.
At about this time one species of dendroid graptolite, which had hitherto lived
rooted to the sea-floor, evolved a free-floating mode of life which enabled it to
disperse to many parts of the world. This species - Dictyonema flabelliforme
(with its several subspecies) - characterises Tremadoc rocks in every continent.
To establish a stratotype base for the Tremadoc. then, we need a continuous
sequence of strata, containing the earliest subspecies of Dictyonema
flabelliforme and passing down into beds which can be accepted as topmost
Merioneth Series. The latter is recognised by the fauna of the "Acerocare Zone".
In most parts of North Wales, the top of the Merioneth Series is developed as
soft black slaty beds which are not well exposed. so that the Merioneth 
Tremadoc sequence is not weB seen. Although there is a good natural section
near Criccieth, Gwynedd, which contains abundant Dictyonema, the Acerocare
Zone is not well proved there and the whole section suffers from a pervasive
cleavage which distorts the fossils and makes them hard to find.

the Forestry Commission, the Nature Conservancy Council arranged, as part of
its scheme for the conservation of S.S.S.L's., to remove loose scree and
unconsolidated debris from the critical part of the section. The sequence thus
exposed quite lived up to its promise. Although in a region of considerable
tectonic disturbance, the section seems unfaulted over the critical interval,
although some beds are crushed and others show bedding-plane slip. The
cleavage is not strong and over the critical interval is parallel to the bedding.
Fossils are frequent in some layers, and prove the Acerocare Zone and the early
part of the Dictyonema flabelliforme Zone. Between these is a bed which
appears to be composed of volcanic ash. The section also has the advantage of
being accessible and should be available to research workers but is sufficiently
remote not to be at risk from development, and, one hopes, from over-use by
geological parties. From time to time it will need to be cleared of overburden and
undergrowth but this should be straightforward. Disadvantages of the section
include its tendency to become overgrown in the long-term, the presence of
crushed beds and the paucity or absence of fossils in certain thicknesses of beds
- in particular the absence of a graptolite ancestral to Dictyonema
flabelliforme. Furthermore, although the section is in North Wales, it is far
enough from Tremadoc to raise the objection that it is not in the historical type
area. Nonetheless it is the best section I know for defining a base to the
Tremadoc Series in Wales, although to pin-point the basal 'bed of the Tremadoc
must await the results of research on the section which is at present being
undertaken in the Institute of Geological Sciences.
(A.W.A.R.)

A CLEARED SECTION SPANNING THE ARENIG-LLANVIRN
BOUNDARY, LLANFALLTEG, DYFED.
The Llanvirn Series is used all over the world to describe a major subdivision
of the Ordovician System. The type area of the Llanvirn is near the hamlet of the
same name on the Pembrokeshire (now Dyfed) coast, north of St. David's. At
that localiw a host of tuning-fork graptolites (Didymograptus bifidus and
related species) are known from a series of quarries, and the appearance of these
graptolites formed the basis of the original definition of the Llanvirn Series by
Dr Henry Hicks, the pioneering 19th century geologist who first made known to
the scientific world the riches of the fossil succession in the St. David's area.

During the geological survey of the Harlech Sheet by the Institute of
Geological Sciences, we found a promising section in a forestry road above Afon
Bryn-llin-fawr. The exposures were discontinuous, but the top of the Merioneth
Series and low Tremadoc beds could be proved. With the kind co-operation of

The base of the column at Llanvirn itself is not particularly well exposed, only
sparsely fossiliferous, and there is not a continuous passage with fossils down
into the underlying rocks of the Arenig Series. Hicks himself probably did not
appreciate the need for series boundaries to be defined in continuously
fossiliferous successions, and assuredly for the Llanvirn itself it would be hard to
beat the prolifically fossiliferous beds of the type locality. For a type section,
however, it is inadequate, and this stimulated a search for a better section across
the boundary, as near as possible to Llanvirn itself.
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The section at LlanfalIteg is perhaps not as near to Llanvirn as we would have
liked, but it does show several good features lacking at Llanvirn. It is continuous
and fossiliferous almost throughout, and the fossils are well-preserved.
Graptolites and trilobites occur together in the section, and, since both are used
stratigraphically, this makes the section a peculiarly good one for a stratotype.
The rock-type is a soft, grey or greenish shale and weathers rather rapidly so that
the section had become somewhat overgrown. The covering material was
cleared a way by the Nature Conservancy Council and a series of collections were
made bed-by-bed across the boundary.
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2. PROGRESS OF THE GEOLOGICAL
CONSERVATION REVIEW
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Since the publication of Earth Science Conservation 15 in October 1978,
progress on the Geological Conservation Review has continued. Work towards
the preparation of a further six sections is now well-advanced and the results
achieved are outlined below. As the preparation of each part of the Review must
of necessity involve extensive searches of the literature, steps have been taken to
place the resultant bibliographies onto a systematic standard basis and
arrangements have been made to ensure that all such information obtained and
held by tqe Unit can be readily transferred to a computer.
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A flood of tl!lning fork graptolites appear at the top of the section, as at Llanvirn
itself, but here there are also graptolites in the underlying strata. These include
biserial graptolites, which have been used in later Ordovician rocks for fine-scale
correlation. We hope that with the aid of these graptolites, and the trilobites that
occur along with them, we will be able to define the base of the Llanvirn series in
a precise way. The trilobites may be of more limited application because many of
them are new or little-known forms which have not yet been recognised outside
Britain. Most of the detailed work on the section remains to be done, but we
hope it will be published in time for the centenary of Hicks' original proposition
of the Llanvirn Series in 1881.

<

Several of the major divisions of the standard stratigraphic column are named
on the basis of British strata because of the leading part played by British
geologists in the development of the science during the early and mid 19th
century. One such system is the Silurian, named by Murchison in 1835 from
rocks in the Welsh Borderland and South Wales, an area inhabited by the
ancient British tribe, the Silures. The term Wenlock, first used by Murchison in
1833, is employed internationally for the second series of the Silurian and has
for its type area the district of Wenlock Edge and Ape Dale extending north
eastwards to Iron bridge and Coalbrookdale, Shropshire. These circumstances
testify to both the historical and present-day international importance of British

5

rocks of Wenlock age, particularly of the classic Much Wen lock district; they are
reason enough for implementing the programme of documentation of those
geologically significant localities within this timespan of earth history, as
undertaken for the Geological Conservation Review.
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Palaeontologically, the British Wenlock has yielded a wealth of superbly
preserved fossils, both graptolitic and shelly, the latter particularly from the
world-renowned Dudley and Wren's Nest inliers of the West Midlands. As
Gignoux wrote "le petit affleurement de Dudley (calcaire de Dudley) qui a
enrichi les collections du monde entier", and Lapworth commented "It may be
safely asserted that the majority of the finest examples of British Silurian fossils
now enriching the public and private geological collections, both in Britain and
abroad, were originally obtained from the Saurian rocks of the Birmingham
district". In consequence Dudley, as with several other richly fossiliferous
Wenlock Limestone localities in the Welsh Borderland. stands as the type
locality for dozens of fossil species comprising a great variety of animal phyla.
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In terms of global tectonics and palaeogeography, the British Wenlock strata
and their fossils are of importance in charting the continued closure of the Lower
Palaeozoic Iapetus Ocean, and with it the increased cosmopolitan aspect of mid
Silurian faunas. The presumed Wenlock of a few areas shows relatively early
onset of Old Red Sandstone-type sedimentation; for example in the Pentland
Hills, Scotland, and south-western Dyfed. At the same time the Welsh Basin, the
Lake District and the Scottish Southern Uplands were still under considerable
depths of water with a fully marine, deep-water, clastic facies. while the shelf
areas of the West Midlands and Welsh Borderland lay under shallower water
and were generally areas of more carbonate-rich deposition.
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Research into Wenlock rocks is at present very active. In recent years re
investigation of the type area has resulted in the setting up of two stages within
the Series and a revision of the litho- and. bio-stratigraphy. Palaeontological
research, of both macro- and microfossil groups, has included studies on the
brachiopods, trilobites, graptolites, palynomorphs, conodonts and ostracods.
Both clastic and carbonate sedimentological studies have been carried out (for
example in the Welsh trough and Wenlock Edge. respectively), as have
structural investigations (Scottish Southern Uplands).
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To illustrate the past and continued significance of Wenlock-age rocks in
Britain, and to adequately reflect the variety of palaeoenvironments represented
by these strata, a selection of about seventy localities has been drawn up for final
assessment in this part of the Geological Conservation Review.
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The Dinantian or Lower Carboniferous in the area under review consists of a
wide variety of rock types including limestones, sandstones, shales, coals, lavas
and tuffs. These rocks, which were formed in the time interval separating the
6
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Devonian and Namurian (Upper Carboniferous), are responsible for many
areas of scenic beauty, notably in the Pennines, where the Yorkshire Dales and
Derbyshire's "White Peak" provide good examples. The limestones, which have
been extensively quarried in all regions for many years, are such a significant
feature of the Dinantian that the subsystem was formerly referred to as the
Carboniferous Limestone Series.
A new chronostratigraphical means of correlation based upon the recognition
of cycles throughout the Dinantian has recently been suggested to replace the
older biostratigraphical zonation schemes, which have lately proved inadequate.
The boundaries of six major cycles have been used to divide the subsystem into
six stages. Sedimentation within the Dinantian occurred in structurally
contrasting palaeogeographic provinces consisting of blocks and basins. The
subsystem represents one of the largest single developments of carbonate rock in
the geological column. Within it there is an enormous variation in facies, an
abundant fauna and many reef structures. Palaeoenvironmental reconstructions
of this period of time are based upon comparisons made with the great, present
day carbonate environments such as the Great Barrier Reef of Australia, the
Persian Gulf, Florida and the Bahamas. Although a broad understanding of the
palaeogeography and facies relationships has been obtained in this context,
detailed palaeoecological, sedimentological and diagenetic studies full of
promise are only just beginning. Sites which are being reviewed at present are
aimed to give representative coverage in terms of both the stratigraphy and
palaeogeography. Many of these will be invaluable for teaching on all levels, and
are of both national and international importance. Sites already under
consideration include four boundary stratotypes which will for many years
attract the attention of geologists from all over the world. Still others will ensure
the advancement of knowledge and understanding of Dinantian
palaeoenvironments by providing a resource for future researchers.

PLEISTOCENE DEPOSITS OF EAST ANGLIA
In contrast to the restricted distribution of the rocks of earlier parts of the
geological column, Pleistocene (or Quaternary) deposits occur in all parts of
Britain. Deposits pre-dating the Last Glaciation (Devensian) are however
largely restricted to the southern half of England.
Of the fourteen currently-recognised stages (there are undoubtedly hiatuses,
at least in the Lower Pleistocene sequence), all but three have their type locaiities
in East Anglia. This is largely because East Anglia is the only area in Britain with
extensive Lower Pleistocene and early Middle Pleistocene deposits. The
Pleistocene of the area is being actively studied by a number of workers, and in
particular the application of pollen analysis has resulted in detailed knowledge
of the complex stratigraphy, although many problems remain. East Anglia is.
therefore, an appropriate starting point for the Geological Conservation Review
of the Pleistocene.

8

The Lower Pleistocene is represented by marine 'crags' which occur over the
eastern half of the area, and are exposed both in coastal sections and several
inland pits. The type sediments of several Lower Pleistocene stages are only
available in boreholes, but the type localities of the Waltonian (Walton-on-the
Naze) and Baventian (Easton Bavents) Stages are both fine cliff sections. Several
other classic localities in the Red Crag, Norwich Crag etc. (e.g. Sutton, Butley,
Chillesford and Bramerton) need to be conserved to represent the extremely
complex Lower Pleistocene succession.
The early Middle Pleistocene Cromer Forest Bed Series (CFBS) is exposed at
intervals along parts of the coasts of Norfolk and north Suffolk. There are no
inland exposures. The type sections of the Pastonian, Beestonian and
Cromerian stages occur here and the scale of the CFBS sections provides
unrivalled scope for the study of Pleistocene stratigraphy, sedimentologyand
palaeontology; West Runton in Norfolk, the Cromerian type locality, is
arguably the most important single Pleistocene locality in Britain. It preserves a
sequence of marine and freshwater deposits ranging from Pre-Pastonian to the
early Anglian, recording complex climatic, sea level, vegetational and faunal
changes. A (?) Cromerian palaeosol is recorded at Barham Sandy Lane and
extensively in the south of the area.
The Anglian glaciation, the earliest recognised in East Anglia, is represented
by two tills with intervening non-glacial sediments at the type site of Corton, and
by tills and outwash above the CFBS in cliff sections and inland exposures.
Several sites should be conserved in order to cover the full sequence of deposits.
Hoxnian interglacial lake deposits occur at the type site of Hoxne, and the full
sequence is preserved at Marks Tey. Marine and fluviatile Hoxnian sediments
are represented at Clacton and at Horse Fen in the Nar Valley. The existence of a
Wolstonian Stage till in East Anglia is controversial - possible occurrences
being at High Lodge, Mildenhall and Flixton, near Bungay. Fossiliferous
Wolstonian freshwater deposits are found, however, at Broome Heath, near
Bungay, Hoxne and Marks Tey.
Only the first half ofthe Ipswichian interglacial stage is represented at the type
site of Botroitshole, Ipswich while the remainder is represented at Histon Road,
Cambridge. Important vertebrate locahties are Barrington, Swanton Morley
and Stoke Tunnel. The relationships between the deposits at Bobbitshole,
Sutton and Stoke Tunnel, in the Ipswich area, are highly relevant to speculations
as to the existence of an additional interglacial between the Hoxnian and
Ipswichian.
Devensian deposits occur extensively in the river valleys of East Anglia, and a
very important series of fossiliferous early Devensian sediments is present at
Wretton. The ice of the Last Glaciation just reached the extreme north-west of
the area, and is represented by the Hunstanton Till.
The number of scheduled Pleistocene sites in East Anglia is likely to total forty
or so, and reports have been completed on over half of these. Many of the sites
9

present conservation problems in that the deposits are unconsolidated and do
not retain permanent faces. The excellent coastal exposures are continually
threatened and destroyed by the construction of sea defences (See p. 23).

QUATERNARY AND GEOMORPHOLOGICAL SITES IN
SCOTLAND AND WALES
The aim of the Geological Conservation Review with respect to the
Quaternary and geomorphological sites is to identify the key localitie~ whose
conservation is regarded as essential for continued scientific research and
education in these fields. It is hoped that in toto the selected sites will provide a
definitive and representative account of the Quaternary history and
geomorphology of Britain in so far as this is presently known. The sites will
include not only those of long standing importance, but also key ones that are
seen to be emerging from recent and current research.
Initially, attention has been focussed on deriving appropriate criteria for site
selection and assessment. Although the main requirements for different types of
site have been identified, one of the problems at present concerns the assessment
and choice of localities when a range of possible alternatives exists. Accordingly,
a pilot study of glacial and Quaternary sites in Scotland is in progress to test if
various proposals are satisfactory. A list of possible key sites compiled from a
literature survey has been circulated among acknowledged experts for
comments and further suggestions. Following an evaluation of the draft
proposals in the light of the range of sites deemed necessary by the general
consensus of opinion to meet the objectives of the Review, a set of working
criteria win be adopted for application to other geographical areas.
Recently, work has also commenced on the preparation of a list of glacial and
Quaternary sites in Wales which will subsequently provide a basis for evaluation
and selection of key s]tes there following consultations with appropriate experts.

LOCALITIES OF PALAEOBOTANICAL INTEREST
Britain has a wide variety of palaeobotanica~sites, ranging in age from middle
Silurian to Pliocene. In selecting sites for the Geological Conservation Review,
an attempt has been made to provide a reasonably complete stratigraphical and
geographical cover which will demonstrate the changes in the floras with time
and environment. Also, the type localities of important species have been
included, as well as sites showing unusual features of preservation.
The first part of the work to be undertaken dealt with the Silurian floras,
which are particularly well developed in Wales and the Welsh Borders. Recent
research has focused mainly on the rare Ludlow floras, which Or Edwards of the
Department of Botany, University of Wales, Cardiff has shown to yield the
oldest evidence of land vascular plants. The slightly younger Downtonian floras
are probably better known, due to work during the 1930's by Lang who based
several of the important Silurian species on material from this area.
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The succeeding Devonian floras are also well represented in Britain. The
oldest occurs in the Gedinnian Arbuthnot Group, which is seen in a number of
localities near the east coast of Scotland, between Kinross and Aberdeen. It has
many slimilarities with the Downtonian floras, except that the most advanced
species appear to be numerically more important. Successively younger plant
beds are known throughout the Lower and Middle Devonian, which allows the
progressive diversification of the floras to be observed. These mostly occur in
Scotland; the older ones in the Midland Valley, and the younger ones in the
Highlands and the Northern Isles. The most famous occurrence is the Rhynie
Chert, whose finely preserved petrefactions have done much to help unravel the
mysteries surrounding the early land plants. One diverse flora has also been
described from Wales, from the Siegenian Senni Beds. This is known from
several localities in Gwent and south Powys, although one of the most famous
(Breson Beacons Quarry) has recently been seriously damaged by over
collecting.
Work has begun on Mesozoic plant localities. There are many records from
the Triassic and Lower Jurassic but many are poor and badly localised or were
temporary exposures. Important exceptions are the Rhaetic plant beds of the
Bristol district, which yield the fossil bryophyte Naiadita, a member of the
Hepaticeae, which probably grew in shallow fresh water lakes as a submerged
plant. The structure of Naiadita is remarkably well known and has provided us
with features of great interest in relation to the morphology and classification of
the bryophytes, the group of which it is regarded as a primitive member.
The Middle Jurassic had yielded extensive floras which include the famous
flora of the Yorkshire Deltaic Series. There are over 600 recorded plant
localities, thirteen major plant beds and a total of 225 described species. The
preservation of these fossils is quite remarkable, the most famous occurrence
being the Gristhorpe plant bed at Cayton Bay near Scarborough from which
about ninety species including 28 type species have been described. Species
include representatives of the Bryophytes, Pteridophytes, Caytoniales,
Pteridosperms, Cycadales, Bennettitales, Ginkgoales, Czekanowskiales and the
Coniferales.
/'
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Among the most famous plants described from this plant bed, is the class
Caytoniales, first described by the Cambridge botanist H. H. Thomas. The
group consists of leaves. Sagenopteris; fruits and seeds, Caytonia; stem;
microsporophylL Caytonanthus; and pollen. The plant was reconstructed on the
strong evidence of association of the different parts in the plan.t bed and the
agreement of cuticle structure. Pollen grains from the male microsporophyll
Cartonanthus have actually been found in the beak of the nucellus of the female
megasporophyll Caytonia giving conclusive evidence of belonging to the same
plant. They were classified by Thomas as possible primitive angiosperms but
detailed anatomical work in later years has shown them to be gymnospermous
and probably most closely related to the Pteridosperms. Other important groups
found in the Yorkshire beds are the Pteridophytes where many of the fossils can
be assigned to extant primitive families, such as the Osmundaceae. Also
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important are the Ginkgoales; Ginkgo species are found in abundance in the
Scalby Ness plant bed and are remarkable in their resemblance to the only extant
species Ginkgo biloba, the maidenhair tree. This plant has captured the
imagination of botanists and laymen and has become known as one of the
foremost "living fossils". The Ginkgoales formed a diverse assemblage in
Mesozoic times but in the present the sole survivor is found as a native species
on~y in eastern China, although it is a very successful naturalised tree in
temperate habitats, an example of contmuity and exceptional power of
endurance in a changing world!

CARBONIFEROUS AND PERMIAN IGNEOUS ACTIVITY IN
CENTRAL AND SOUTHERN SCOTLAND
Northern Britain (the Midland Valley of Scotland, parts of the Southern
Uplands and Northumberland) was the site of widespread and varied igneous
activity throughout most of the Carboniferous Period and into the Permian.
Extensive lava fields containing subordinate tephra horizons were erupted early
in the activity and today underlie much of the higher ground in Central
Scotland. Subsequent, and generally much more localised and increasingly
explosive, activity appears to have continued, albeit sporadically, into the
Westphalian and Lower Permian. Major intrusive activity is confined to
hypabyssal rocks as no central intrusive complexes, such as those that
characterise the Tertiary Igneous Province (see No. 15), are known; on the other
hand central volcanoes such as that now represented by the varied rocks of
Holyrood Park in central Edinburgh have been identified with certainty. Two
sill complexes are recognised - one of quartz-dolerite (the Midland Valley Sill)
is contemperaneous with an east-west trending quartz-dolerite dyke swarm and
the other, an alkaline-dolerite suite, is geographically and petrographically
associated with numerous volcanic necks.
The province has been intensely studied for many years and played a critical
role in the early development of geology. In particular, the Lothians and
environs of Edinburgh, where many of the principal features occur, have a
unique historical association with this period; here in the late Eighteenth
Century lames Hutton and his followers found the evidence needed to establish
many of the basic principles of geological science. Later, interest became
intermittent and, although reviewed by such eminent geologists as Sir Archibald
Geikie at the end of the last century, the broader aspects of the distribution and
petrology of the rocks did not become clear until the culmination of the second
phase of research activity in the 1920's and 1930's. Until comparatively recently,
certain aspects of the rocks, such as their detailed geochemistry, mineralogy,
petrogenesis and the structural-tectonic framework in which they lie, have
attracted little interest but recent remapping by the I.G. S. and investigations,
especially on the volcanic rocks, employing more advanced analytical
technology and comparisons with other igneous provinces, have shown that
there is much still to learn. Several reviews and excursion guides have appeared
and have served to reinforce the importance, both national and international, of
the more classic localities.
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The potential for future research and reassessment is high and, as a
consequence, the need for the conservation of the more significant and
representative features is of paramount importance. To this end some thirty sites
are at present being described in the Review. The work concentrates on localities
which illustrate the stratigraphic and compositional ranges of the volcanic
activity, the various tectonic and structural features with which it is associated
and the petrological and structural variations within and between the intrusive
rocks.

BIBLIOGRAPHY
The Geological Conservation Review aims to identify, through a systematic
assessment, all the nationally and internationally important localities of
geological and geomorphological interest in Britain. The work is, of necessity,
being divided into forty or so parts and the completion of each will involve, as far
as possible, a complete study of all the relevant literature of significance. From
results already to hand, it appears that the preparation of each part will involve
the consultation of 400 to 500 scientific references. These are now being indexed
by staff of the Unit and the usefulness of the index is being enhanced by a system
of keywording. When complete the bibliography will be a unique work and, it is
intended, will be of value to those interested in all aspects of the geology of
Britain, although its prime function is naturally to provide the documentation
on which future earth science conservation will be based. The information is
being collected in a form compatible with computer storage to make retrieval of
references covering selected areas and subjects more convenient.

QUARRYING

V

3. VIEWPOINT
CONSERVATION
CONFLICT?

A CONTINUING

D. I. Roberts
Group Mineral Resources Manager, Amey Roadstone Corporation Limited
The qUa#f'ying industry'in the United Kingdom annually extracts, processes
and distributes in excess of 200 million tonnes of rock, sand and gravel. Contrary
to the belief of many, this is not because operators have a mania for ripping apart
the countryside, but is a result of the demands the public make for their
products.
A contributor to a symposium on the subject of the conflict between the
quarrying industry and the conservation lobby in Canada summed up the
situation by quoting John Betjeman's 'Commuters' Prayer':

'We thank thee Lordfor all thy grace,
In giving us this lovely place,
And now, 0 Lord, we humbly pray,
Thou'!t keep all other folks away'.
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To use such a quotation implying that all conservationists are self interested
with no social responsibility is clearly wrong. Nevertheless it does represent the
attitude of some who purport to be conservationists, and who, because they tend
to be the most vociferous, become, in the eyes of the quarrying industry,
spokesmen for the much wider body of concerned people.
At the same symposium, another contributor coined the expression
'Industrial Minerals - an Endangered Species'. The contributor claimed that
industrial minerals, although less popular than endangered plants, animals or
landscapes, are frequently no less unique and therefore themselves worthy of
preservation for the use and enjoyment of mankind. It was pointed out that,
unlike plants and animals, industrial minerals cannot reproduce or be
reproduced, at least not on any realistic time-scale. Conservation of historic
buildings and sites, of landscape, flora and fauna are readily understood and
demanded as desirable objectives, but when conservation of energy or mineral
resources is called for, the public at large agree in principal, but do little to reduce
their demand for a standard of living which requires ever increasing amounts of
energy and minerals. A plea was made at the Canadian symposium for a
realistic mineral resources policy, controlled by fair legislation, giving equal
emphasis to the need to utilise mineral resources and to preserve that which is
unique and irreplaceable.
In the United Kingdom during the past ten years, much has been written and
spoken about the effect that all forms of mining have had, or are likely to have,
on the environment. The term environment, so misused, has expanded in its
meaning to the extent that it no longer means a 'surrounding region', but the
circumstances and manner in which we choose to live or are expected to live.
Conservation is another word that has expanded its meaning considerably.
Originally implying a saving or preservation of any form of resource, it can now
be often synonomous with opposing any activity which, however necessary, we
would rather did not occur, at least not in our own particular area of interest.
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However, we must consider if we are sufficiently inventive and imaginative
now to gain something new from what must inevitably be lost in pursuing the
way of life we choose. All responsible operators adhere to the principle of
restoration and rehabilitation, and many examples of fine, imaginative work
have been demonstrated. A wealth of study on the subject of land use has been
published and strict enforceable conditions attached to planning consents
should ensure that future operations result in acceptable levels of disturbance.
The compromises of 'acceptable levels of disturbance' and 'the best attainable
restoration' are commendable, if not entirely acceptable to some, but perhaps
planners and opponents could look more closely at quarries to see if there is not
actual gain.
In few natural locations, can the geological structure and history of any region
be studied in such detail as in a quarry. When it is remembered that almost every
depositional sequence of every geological period is the subject of some mining
activity, it is clear that our ability to study, demonstrate and learn would be that
much poorer without the availability of the 'artificial outcrop'. Where, for
example, can the complexity of Precambrian volcanic and igneous activity be
more clearly demonstrated than in the Hartshill district quarries of Nuneaton.
Moreover in the same quarries, the Cambrian quartzite and the overlying
Triassic formations are so clearly exposed that the workings are surely worth as
much in gains to natural science as losses in terms of agricultural or urban land
use. Even in areas far more attractive than the industrial Midlands, and
particularly in National Parks, we always gain something in the cause of natural
science through quarrying, if we accept that geology is as much a natural science
as botany or zoology.
The question will inevitably be raised over access to such sites, and the cynic
may suggest John Betjeman's verse quoted earlier could just as readily be
entitled, the 'Quarryman's Prayer'. Quarries are, after all, private industrial sites
and not unnaturally operators wish to preserve the right to work unimpeded by
continuous uncontrolled public entry. Nevertheless almost every operator is
quite prepared to allow access to sites for study and research in exactly the same
way that ot.!?er landowner~ might allow access for study of the flora and fauna.
Indeed, it rilight even be said that they are generally more prepared to do so. It is
also true to say that even without exercising the legal powers available to them,
the Nature Conservancy Council is able to receive the utmost co-operation in
preserving unique geological features exposed by quarry activity.

Together with Government sponsored committees and conservation bodies of
all sorts, the quarry industry has considered the alternatives to a large number of
quarry operations within sight and sound of where we live. The mammoth
quarry in remote areas, underground mining and the use of alternative materials
have aB been examined in detail. The conclusion is always the same - the cost,
both in terms of cash and increase in other problems, particularly the impact of
distribution, is too high to be acceptable. The conflict is not then merely between
the quarrying industry and those who wish to conserve a natural environment,
but between our demand for a particular standard ofliving and our desire for an
ideal way of life. We appear to be in a situation where, as a society, we must
recognise honestly the cost of the standards we demand, in terms of what cannot
be preserved as a consequence. A majority will today accept that this is a realistic
statement of the conflict and a great deal has already been done to lessen the
impact of quarry activities.

There is a good cause for stating that every quarry and mine is a site of
scientific interest, if not of special interest, and it is up to the geologist,
particularly those in universities, the Institute of Geological Sciences and the
Nature Conservancy Council to take full advantage of the operators' willingness
to allow access for study and research. Indeed, there is a great opportunity for
geologists visiting and researching in quarries to gain goodwill by providing,
particularly to those owners with no in-house cover,any geological data likely to
prove helpful in quarrying operations. At the same time, geologists at large (and
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perhaps particularly those of the Nature Conservancy Council!), should
acquaint themselves fully of operational and economic constraints under which
quarry owners operate, and come to understand why the notification of a Site of
Special Scientific Interest is sometimes opposed. Most of the major quarrying
companies have geological staff with whom unique or interesting features can be
discussed with a view to preservation. Because a company geologist will not only
know the operational and economic consequences, but will also understand the
geological value of any site, a reasonable solution is, or should be, attainable.
The majority of site owners however, see notification as a Site of Special
Scientific Interest only as a further constraint and interference with their work.
Far more might be done by the geologists of universities and conservation bodies
to suggest ways of preservation which will interfere least with the quarry
operation, rather than a blunt statement to the effect that in a particular area,
excavation can no longer be continued. But to do this, the geological, or any of
the natural science, interests must be as fully a ware of possible of the value of the
site in terms of operational cost and as a necessary mineral resource. The
scientific value must not always be considered without question to be greater
than the mineral resource value and leave the operator to his own salvation.
Whilst there will always be some conflict between quarrying and all forms of
conservation, at least in the field of geology there is no reason why, by close co
operation and an awareness of each others' problems, the quarry operator and
the geologist should not arrive at mutually beneficial agreements.

4. VIEWPOINT
LIMESTONE PAVEMENTS - A BIOLOGIST'S VIEW

s. D. Ward
Deputy Regional Officer, North-East Region, Nature Conservancy Council
Limestone pavements are found in several parts of Britain. including Wales
and Scotland, but have by far their most extensive development in the north of
England. Here they occupy secluded clearings on the low wooded hills
surrounding Morecambe Bay, and farther east on the Pennines they form large
tracts on the exposed sheep-grazed pastures of Great Asby Scar, Ingleborough,
Whernside and Malham Lings. Within Britain, with its green pastures and
purple and brown hills, the occurrence of large expanses of bare white rock,
intricately patterned by a maze of crevices, presents a strange landscape of
striking beauty - one of the characteristic landscape features of the Yorkshire
Dales National Park.

l

over extensive areas, to supply water-worn limestone for ornamental rock
gardens, or, on a more restricted scale, by deep quarrying.
To help the Nature Conservancy Council to identify the most biologically
important occurrences of limestone pavement and to assist in defending those
under threat, a framework showing the relative importance of various
pavements was required. This point was emphasised by the then Plamiing
Officer of the West Riding of Yorkshire County Council in an exchange of
letters with the Council for the Protection of Rural England (1970). Such a
framework has been provided by a survey undertaken for NCC by the Institute
of Terrestrial Ecology which is reported in a paper by Ward and Evans (1976). It
uses a floristic index calculated for each pavement or group of pavements based
on the relative abundance of the flowering plants and ferns growing in the deep
grikes. It is these species which distinguish limestone pavement floras, since the
shallower grikes commonly contain limestone grassland which does not differ
markedly from that surrounding the pavement.
Amongst the species which are most dependent on the pavement habitat for
the maintenance of important populations are national rarities such as
baneberry (Actaea spicata), downy currant (Ribes spicatum) and rigid buckler
fern (Dryopteris villaril). Gilbert (1970) considers that 80% of the British
population of the latter is reliant on the pavement habitat. However, it is not just
nationally rare species which make pavement floras interesting, but also the
unusual combinations of commoner species such as woodland ferns and flowers
including herb robert (Geranium robertianum) and hart's tongue fern (Phyllitis
scolopendrium), growing with species of rocky habitats such as wall rue
(Asplenium ruta-muraria) and maidenhair spleenwort (A. trichomanes).
Intermixed with these may be species of a southern distribution such as rusty
back fern (Ceterach officinarum) on low altitude pavements and those of a
northern distribution including green spleenwort (A. viride) on higher altitude
pavements.
Added biological interest derives from the situation of many limestone
pavements amidst upland sheep pastures and here the close resemblance of the
conditions jn the grikes to, those of a woodland floor is striking, because in the
apparently' bare, rocky habitat numerous herbs and ferns are found protected
from the effects of grazing by the close confines of the grikes. A walk across one
of these pavements is a source of constant interest as one never knows which
flower or fern may be growing down the next grike. Limestone pavements are in
effect natural rock gardens.

Geologists are widely aware of the earth science interest of limestone
pavements; perhaps they are not so conscious of their, at least equal, significance
to biologists. They exhibit a wide range of micro-habitats, varying from arid,
bare rock to shaded and humid deep fissures (known as grikes) in which
conditions resemble those of a woodland floor. And yet many good examples
have been damaged or destroyed either by removal of the surface stone, often

Pavements are a scarce habitat and the survey aimed to be exhaustive, a total
of 537 pavement units being recorded. Most of these (93%) lie in the north of
England and were located using monochrome aerial photographs at a scale of I:
10,000. The survey revealed some salutory statistics. Thus the total British area
of this habitat is only 2,150 ha. of which 49% lies in North Yorkshire and 38% in
Cumbria. For each pavement. an estimate of damage was made and at only 3%
of pavements could no damage be detected, whilst the number considered to be
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95% or more intact is still only 13% Most of this damage is of recent origin,
associated with the collection of stone for ornamental purposes, especially rock
garden construction.
The survey has produced a framework upon which strategies for limestone
pavement conservation can be based by the Nature Conservancy Council,
Local Authorities and County Naturalists' Trusts. The Conservancy can only
hope to acquire the very best sites as National Nature Reserves, and areas so far
safeguarded include Gaitbarrows - one of the low lying wooded p,avement
clearings near Morecambe Bay - and Great Asby Scar with its more montane
flora. Unfortunately the results of pavement destruction, which occurred at
Gaitbarrows prior to its acquisition, are all too apparent.
Limestone pavements took thousands of years to form and once destroyed
they are not renewed. The pavements of Britain are biologically amongst the
most important in the world and their educational value will be readily
appreciated by earth scientists.
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5. AN INFORMATION SOURCE FOR PLANNING
FIELD WORK - THE INSTITUTE OF GEOLOGICAL
SCIENCES
R. H. Roberts
The Geological Museum, Exhibition Road, London SW7 2 DE
"The Director,
Institute of Geological Sciences
Dear Sir
My degree course mapping area is ..... I am writIng an environmental
dissertation on ..... I am leading a schoolfield course in ..... I am doing a project
on ..... - the area to the south-west of X. Have you any information on the
geology? A large envelope is enclosed for your convenience and I should be
grateful for a prompt reply ..... "

'<.

What happens when these letters arrive? Whilst admittedly we cannot follow
them to the desk of the Director, the promptitude with which they are diverted to
the Geological Museum Education Department would indeed commend itself to
the senders. That envelope (enclosed for the directorial convenience) can now be
crammed with useful (free) pamphlets. First, there is the Ordnance Survey Map
Catalogue which, in addition to topographic maps, contains a section indexing
and listing the published Geological Survey maps currently in print. Then, in
plain blue covers is Sectional List 45 which is Her Majesty's Stationery Office's
name for the catalogue of the Institute of Geological Sciences' publications. It
lists a range of Bulletins, and Reports, Memoirs relating to large-scale maps and
volumes of British Regional Geology, all containing a vast fund of information
on the geology of the country, for the most part on a territorial basis. Many other
publications in the fields of palaeontology, geophysics, hydrogeology, mineral
resources, and the geology of areas overseas are also included, but these are
probably less directly useful in preparing for field work.
Topographic and geological maps are fundamental to the planning of most
types of field activity. From the geological standpoint the One Inch to Ten Mile
Map in both Solid and Drift editions is particularly useful for relating a small
area to its regional context. The Quarter Inch to One Mile Maps, not all of which
are in print, are being replaced by I :250,000 scale maps which include the
Continental Shelf, but only a few of these are yet available. Eventually they
should prove extremely useful in regional studies. The tectonic map of the
British Isles on the One Inch to 25 Mile scale also has a valuable role.
The familiar 'one inch' and 1:50,000 scale maps form the basis for planning
most field excursions. For certain areas - especially those of classic geology or
districts particularly suitable for student work - more detailed maps on the
I :25,000 scale are available and often incorporate numerous cross-sections or
summarized descriptions of the geology as marginal information. Since the
1860s, field mapping in Britain has been carried out by the Geological Survey on
the I: 10,56(}'or I: 10,000 'six inch' scale but, except for special areas mainly in the
coalfields and central London, these maps have not been published. However,
manuscript copies may be seen and traced by hand, and photographic copies can
be obtained, in IGS Libraries where also maps not currently in print are
available for examination.

The foregoing correspondence, only marginally apoCfyphal, is representative
of a steady flow of letters to the Institute of Geological Sciences; although
displaying a touching faith, they suggest a certain lack of awareness of the help
the Institute can supply. The following note is written to summarize some of the

Accompanying many of the one inch (and 1:50,000) maps of the Geological
Survey are Sheet Memoirs - detailed descriptions of the geology of the area
covered by the map with reports of successions and fossils at specific outcrops,
well records, structural observations and information on the physical and
economic geology. Older Memoirs are less detailed, but many of those written
after 1920, and particularly since World War H, are veritably encyclopaedic.
More generalised, but still detailed, accounts of some of the I :25,000 maps are
available in booklet form, whilst Memoirs not specifically relating to individual
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main ways in which IGS material and facilities can help students and teachers in
planning field work.

"t

sheets (e.g. those on the metalliferous mining areas of South-west England and
on the Northampton Sands iron-ore field) can provide valuable additional
information. Less detailed than the Sheet Memoirs, but providing (in most
cases) clear and well-illustrated regional accounts, are the volumes of British
Regional Geology.
One of the less well-known but potentially most useful sources of information
available for those preparing work in the field is the IGS collection of some
25,000 field photographs. During the course of geological mapping since the
turn of the century, field geologists and Survey photographers have p~oduced a
carefully documented, visual record of many aspects of British geology.
Localities are selected to illustrate characteristic lithologies, structures and
landscape features and are then photographed by the Survey's professional
photographers (themselves versed in geology). To each picture is added a
succinct geological description by the field geologist. The photographs (during
the last seventeen years taken in colour) are kept in albums in the IGS Libraries
and are indexed according to the sheets of the 1:63,360 and 1:50,000 G.S. maps.
They form a high quality pictorial record of the geology of a large part of the
country. Because photography has in the main accompanied field mapping,
some areas are not covered but recent work in connection with Museum
exhibitions and a conscious effort to fill gaps has led to a rapid extension of the
coverage.
The Institute's Library came into being in 1843 when Sir Henry de la Beche
(the first Director of the Geological Survey) donated his private collection. It is
now the National Reference Library for Geology with the largest book stock
relating to the earth sciences in Western Europe. Beside prOViding a
bibliographic and information service to the scientific staff of the Institute, it
offers extensive reference facilities to the public including not only professional
consultants and academic geologists, but students, teachers and amateurs. Its
headquarters are in the Geological Museum Building in South Kensington with
regional libraries in the IGS offices in Edinburgh, Leeds. Belfast and Exeter. The
stock consists of more than 160,000 volumes and pamphlets, a large reprint
collection, 100,000 geological maps and it receives 3000 current periodicals. It
maintains a card index of books and selected articles from periodicals on United
Kingdom geology, including field guides from a wide range of sources. There is
an annual input of some five thousand items. Owing to an acute staff shortage,
the Library's opening hours are at present rather restricted - from 10.00 a.m.
4.00 p.m. on Mondays to Fridays - a fact particularly regretted by the Chief
Librarian from whom leaflets setting out the conditions for using the Library are
available. (Another filler for the envelope!)

Geology) of the geology of England, Wales and Scotland. Although described in
rather academic terms and containing some explanatory material which needs to
be revised in the light of more recent work, the displays of specimens which have
been collected by field geologists with an intimate knowledge of the ground
provide excellent reference material for anyone preparing to work in the field.
Within each bay the cases are arranged stratigraphically and contain the
characteristic rocks, fossils and minerals of each major formation. The material
on show is not confined entirely to fine specimens, but contains examples of the
predominant material that will be encountered in the field. Many of the bays
have large sectioned geological relief models, illustrating the structure and its
relation with the surface. Since 1977 the more popular "Britain Before Man"
exhibition on the Ground Floor has provided an introductory context for the
more detailed regional exhibitions. Plans exist for the future modernising and
re-organization of the regional bays, but their essential role of detailed scientific
exhibitions will be preserved.
As part of the Museum's educational activities, lectures and lecture courses
specifically intended to provide background information for parties and
individuals embarking on field work feature in its programmes (one morefor
the envelope - and we'll put you on the mailing list free). These are based not
only on the gallery exhibitions, but on extensive slide collections and on
demonstration specimens. Before Easter, when field work by schools and
colleges peaks, the Museum programmes are orientated towards those areas
most frequently visited. Beside the scheduled lectures, arrangements can usually
be made for school parties at levels ranging from the primary school to the sixth
form in which a background study can be made of any area of their choice. In
collaboration with the Field Studies Council, twice yearly one-day courses have
been arranged for students visiting its principal field centres. These provide a
geological and geomorphological background and are designed to meet the
needs of Sixth Formers studying geology, geography and biology.
During the summer and autumn the Museum runs a number of one-day field
excursions of its own. These are intended primarily for individual members of
the public, although small groups of senior school pupils may attend when
circumsta~s permit. In -the main they are designed to cater for as wide a
spectrum of amateur geological interest as possible and include both excursions
to introduce beginners to geology in the field and others of a more specialized
character often led by geologists from IGS Field Units. None of these field trips
is conducted with a specific eye on public examinations, but they can be useful to
students working on their own and for teachers spying out the land before
planning their own trips. Each excursion is preceded by a talk and
demonstration in the Museum when members of the party are advised about
preparatory work. Teaching collections and a students' room are available for
further study of material collected in the field.

One of the principal aims of the Geological Museum in South Kensington
(part of the Geological Survey organisation since 1837 and an integral
department of the IGS) has been the exposition of British Geology. Since the
present building opened in 1935, the First Gallery has been devoted to the
portrayal, in regional bays (corresponding to the volumes of British Regional

"In answer to your enquiries I am enclosing details of our maps and
publications. together with a note of our Library and Museum services with a
hope that they may be of use in your project ..... "
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6. FIELD FACILITIES
PETERSHILL RESERVOIR QUARRY, LOTHIAN
The bulk of the 1978/79 site clearance programme was carried out in the
summer and was described in Earth Science Conservmion, 15. Among the
subsequent projects, however, one was of particular interest - not only was it
the first in Scotland but it also used an unusual technique.
The southern face of Petershill Reservoir Quarry near Bathgate is part of the
composite type section of the Peters hill Formation in the Lower Carboniferous.
The rocks are a biohermal accumulation, a facies very rare in the Scottish
Carboniferous, and are of interest both to British and foreign geologists. Most of
the face was once submerged below the waters of a reservoir; this has been
drained leaving the rock surfaces thickly covered by a scum of algae and mud.
Attempts to remove the scum by acid and by brushing the face met with no
success. Access to the face was such as to preclude the use of heavy machinery.
In these circumstances it was decided to sandblast the face using compressed
air from a standard diesel compressor to force sand through a two-inch diameter
hose. Approximately fifty yards of hose were required and it proved possi ble to
run it from the top of the quarry and blast the bottom of the face, through the
ample mobility allowed by the technique. The sandblasting easily removed the
scum and exposed an in situ accumulation of brachiopods, sponges, bryozoans
and bivalves. The faunal succession of this unique bioherm can now be
examined with ease and a research worker at Edinburgh University, currently
studying depositional environments in the Petershill Formation, is closely
examining the newly cleaned exposures.

GEOLOGICAL GUIDE TO RHUM NATIONAL RESERVE
The Section's latest publication - a field guide to the Tertiary Igneous Rocks
of Rhum, Inner Hebrides, prepared by Or. C. H. Emeleus and Mr. R. M. Foster
of Durham University - will be available at the beginning of April. After an
introduction to the geology of the island, placing the Tertiary rocks in their
structural context, the guide provides general information on access,
accommodation and transport on the island. The bulk of the publication
consists of eight detailed itineraries covering the key localities for demonstrating
the unique Tertiary igneous rocks of the island and, as the first publication of
this type to cover Rhum, should prove invaluable to those wishing to undertake
fieldwork there. The island is a National Nature Reserve owned and managed by
the Nature Conservancy Council and access is strictly controlled so that prior
booking is essential. Intending visitors should contact Or. M. E. Ball. Fraser
Darling House, 9 Culduthel Road, Inverness either directly or through the
Geology and Physiography Section. The guide, which costs £1 (inc. p. and p.),
will be available from the Geology & Physiography Section, at Pearl House.
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7. PUBLIC INQUIRIES
The Nature Conservancv Council would like to take this opportunity to thank
all those Vo'ho helped and are helping in the compilation and presentation ofthe
Earth Science case at the Public Inquiries reported below.

WALTON-ON-THE-NAZE SSSI, ESSEX
As mentioned in Earth Science Conservation 15, a Public Inquiry was
convened in Walton-on-the-Naze on 22nd and 23rd November 1978 to consider
proposals by Tendring District Council to construct coast defence works along
the foreshore in front of the Naze cliffs. The Section presented evidence at the
Inquiry to demonstrate the outstanding scientific interest which would be Iost if
the proposals were implemented. Professor B. M. Funnell of the School of
Environmental Sciences at the University of East Anglia described the nature
and importance of the Red Crag deposits - the stratotype for the Waltonian
Stage - and Or. C. J. O. Harrison of the Department of Zoology of the British
Museum (Natural History) presented evidence relating to the unique fossil bird
fauna recently collected from the London Clay. The conservation case was
strongly reinforced by the submission to the Inspector of a large number of
letters, from as far afield as the University of Colorado, expressing concern at
the scientifically disastrous consequences of the proposed works.
Representatives of the Section and Unit explained the likely effects of the coast
defences to the Inspector and advised that the scientific importance of the rocks
seen in the Naze cliffs was sufficient to merit changing the design of the proposed
works to include the creation of a bench along the cliffs just below the Red
Cragl London Clay interface, above which exposures could be maintained by
tracked machinery. If the sea defences are built, it is inevitable that the London
Clay exposures in the cliff-toe will be obscured and the Section advised that a
delay of two years should be allowed to permit research and collection of the
fossil birds. The result of the Inqu]ry is not expected for at least six months.

COTEN END QUARRY SSSI, WARWICKSHIRE
Coten EnQ.Quarry is excavated in Lower Keuper Sandstones and has been of
considerable interest for over a hundred years as a source of one of the most
extensive suites of Triassic vertebrate remains in England, including the type
specimens of several species of labyrinthodonts. In August 1978 the Section
received details of a proposal to construct warehouses adjacent to this SSSI,
which threatened the quarry with partial infilling. Warwick District Council
refused planning permission but the developers appealed and a Public Inquiry to
hear the appeal was called for 15th February 1979. At the li,lst minute, however,
the developers submitted a revised plan which showed the proposed warehouses
in a new position away from the SSSI. Our main objection was then withdrawn
but we have submitted a written statement to the Inspector asking that the
warehouses should not permanently shade the face and thus encourage the
growth of moss which would eventually lead to the exposure becoming totally
obscured.
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BOYLESTON QUARRY SSSI, RENFREW.
As reported in Earth Science Conservation 15, p. 25, consideration of a
planning application to extend a neighbouring golf course through the filling of
this quarry eventually led to a Public Inquiry held in Paisley on February 8th
and 9th 1979. The Section presented evidence to show the very high geological
importance of the site for education and research in both mineralogy and
stratigraphy and pressed for suitable conservation measures. At the inquiry, it
rapidly became apparent that the proposed developers, the Fereneze Golf Club,
were prepared to agree in full to all the requests of the Nature Conservancy
Council, and, as a result, a suitable written agreement was drawn up and signed
by both parties. All the NCC's conditions would be met and a suitable
conservation area will be incorporated within the restoration scheme. The
agreement was presented to the Reporter, who accepted it as a basis for the
Nature Conservancy Council to withdraw its objection to the proposals, subject
to the agreed conditions being incorporated in any planning consent which
might be granted. The scientific interest of the site is now adequately protected
and good working relationships have been established with the site owners.
Geologists wishing to visit the site should in future gain prior permission from
the Secretary of the Fereneze Golf Club, Fereneze Avenue, Barrhead, Glasgow
(tel. 041-88I1 1519).

NORTH ESK RESERVOIR SSSI, MIDLOTHIAN AND
TWEEDALE.
On 26th February 1979, a Public Inquiry was convened in Edinburgh to
consider Army proposals to open a new firing range in the Pent land Hills.
Consultants working for the Army have produced a list of twenty-six possible
alternative sites for the range, three of which impinge upon North Esk Reservoir
SSSI. The Conservancy has been consulted about the likely effects of all the
proposals on nature conservation and the Section have commented at length on
the three proposals which affect the SSSI. Since the installation of the range
would cause severe curtailment of access to several of the most important parts
of the site, the Section has objected, in the strongest possible terms, to these
proposals. The main object of the inquiry is prepare a shortlist of likely sites 
the final choice will be made only after a further inquiry. Should the sites
included on the shortlist affect the geological interest of the SSSI, the Section
will appear at this second inquiry to present the conservation case in full.

yielded a fauna of over 500 species of marine fossils. The Section will be
appearing at the inquiry, to press for an area of land to be left undeveloped
around the pits, so that it will be possible for further research and excavation of
the deposits to be undertaken. Support for the conservation of the deposits has
already been obtained from a number of national experts, but anyone else with
an interest in the research or educational use of the site is asked to inform Or K.
L. Duff, at Foxhold House, of his views on the proposal. Further progress will
be reported in a future issue of this journal.

8. CO-OPERATION IN CONSERVATION
TREARNE QUARRY
The limestone worked at Treame Quarry, 2 km east of Beith in Cunninghame
District, is one of the series of marine limestones with intervening coals, seatclay
sandstones and mudstones, deposited on the uneven surface of the Clyde
Plateau lavas, which together form the Dockra Group. A planning application
to infill part of the quarry with gypsum waste is currently under consideration by
the Local Authority who are also seeking suitable sites for the disposal of toxic
waste products of the local chemical plants; the latter has the more serious
implications for the survival of Trearne Quarry. The locality is important for
teaching and research and in the current IGS re-mapping of the area has
provided invaluable regional and national correlations. The quarry is obviously
under a grave double threat and the scientific case for retention of the outcrops it
provides would be greatly strengthened if substantial use for teaching and
research purposes could be quantified. Readers are therefore invited to contact
Mr A. P. McKirdy at Foxhold House giving details (frequency, numbers per
visit and academic levels) of any visits they may have made.

CRESWELL CRAGS SSSI, DERBYSHIRE/
NOTTINGHAMSHIRE

A Public Inquiry into an application for outline planning permission to build
houses on land immediately adjacent to the disused quarry which constitutes this
SSSI is due to be held in Penzance in April. Although, within the past few years,
inquiries have been scheduled but have failed to take place, it seems highly
probably that this one will go ahead. The pits within the SSSI have been dug in
unique deposits of controversial age, either Pliocene or Pleistocene, and have

This site is, important for the sequence of fossiliferous Quaternary deposits
and archaeOlogical remains found in and around the caves along the crags.
These provide a long stratigraphic record from the Ipswichian Interglacial,
through the Devensian Glaciation, into the Flandrian and, although much
investigated, there still remains potential for further research. After a minor
rockfalllast summer, the B.6042, which runs between the crags, was closed and
engineering consultants retained to report on the stability of the rock faces. It
has been recommended that the crags could be stabilised by extensive
grading and/ or buttressing of slopes - an operation which would both destroy
much of the known interest and also sterilise a large area for future research. The
Conservancy have objected to these proposals in favour of a possible
realignment of the road around the unstable points. Further details of the
scientific importance of the site would support the conservation case and will be
welcomed from anyone who has special knowledge of the area.
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ST. ERTH SAND PITS SSSI, CORNWALL

EARTH SCIENCE LOCALITIES IN TAYSIDE REGION
Tayside Regional Council are about to define their Mineral Working Policy
and have invited NCC to comment on sites of scientific value. We would
therefore welcome information of any sites within the Region which are used by
earth scientists for research or education. All details sent to Dr K. L. Duff at
Foxhold House will be gratefully received.

FIELDWORK SURVEY OF THE SEVERN HINTERLAND,
Recent proposals for major developments around the Severn Estuary have
made a survey of the usage the area is experiencing a matter of pressing
importance. Information on current research and the use of localities for
teaching is required for South Glamorgan, Gwent, South-west Gloucestershire,
Avon and Somerset and details of the number of students taken, regularity of
visits, level of use will be gratefully received at Foxhold House. Details of
educational visits by Universities are not required.

9. SITE NEWS

actIvIty of the foredune zone and the chance that coast defences might be
required in the future to protect the pipeline; such defences would harm the site
more than the presence of the pipeline itself. The Conservancy suggested that an
alternative, inland, route, aligned to avoid areas of primary importance, could
have fewer long term implications for the site and discussions are continuing.

PEGWELL BAY SSSI, KENT
Kent County Council are currently considering proposals to enlarge the
international hoverport at Pegwell Bay and the Section have commented on the
likely effects this would have on the geological interest of this very important
SSSI. Should there be any expansion towards the west, the exposures of
Tertiary and Pleistocene sediments behind the hoverport would require proper
protection by the installation of a security fence and the existing access should be
extended. Eastwards extension could damage the well-known Chalk/Thanet
Beds unconformity at Hugin Beach, since current and tidal activity would be
even further reduced and the removal of scree by the sea made even more
difficult. Accordingly we have recommended rejection of the scheme unless
arrangements for periodic site clearance can be negotitated with the developers.

CHESIL BEACH SSSI, DORSET

SOUTHERNDOWN COAST SSSI, MID-GLAMORGAN

The Wessex Water Authority have proposed a storm-water drainage channel,
about 3m deep and 17m wide, extending from Chesilton to the Fleet,
immediately seaward of the main road. The NCC were most concerned about
the scale of the proposal and, after lengthy discussions with the Authority, the
scheme was amended to a ditch, lm deep and approximately lOm wide. Our
advisors reported that, although this scheme was acceptable in part, it would
cause severe damage to the beach between the Fleet and the northern end of the
tank farm to the south, so objection was sustained to the northern section of
ditch. Further negotiations led to a mutually acceptable scheme, whereby a ditch
is to be installed between Chesilton and the northern end of the tank farm and is
to discharge through a multiple culvert into Portland Harbour. This scheme will
now go forward for planning consent to the Weymouth & Portland District
Council. The ditch will not prevent flood damage to Chesilton by seas
overtopping Chesil Beach but would speed the drainage of water which had
reached the town.

The Section submitted a detailed objection to the Welsh Office, opposing the
scheme proposed by the Ogwr District Council to undertake a comprehensive
programme of coast defence measures at this site (see Earth Science
Conservation 15, p.23). The objection is based on the very high research and
educational value of the site and on doubts which have been raised by expert
advisors concerning the engineering aspects of the scheme. The Welsh Office
are at present considering whether to award the Ogwr District Council the grant
aid necessary to fund the works, and a Public Inquiry, at which the Section will
continue to oppose the scheme, seems likely to ensue. We are most grateful to all
those who have supplied us with details of the use made ofthis site and would be
pleased to receive any further relevant information.

KEISS LIN KS, CAITHNESS

Merthyr Mawr Warren comprises a system of high dunes and large slacks on
the eastern side of Swansea Bay. Sand has been blown landwards over a fossil
cliftline to heights of over 60m and the foredunes, where large corridor blowouts
have developed, are extremely active. The South Wales Water Authority plan to
instal a sewage pipeline whose route must of necessity cross the dunes. Originally
the pipeline was to run along the seaward edge of the system immediately behind
the foredunes, but the Conservancy advised against this route in view of the

Should plans to develop an onshore oil pipeline construction site at Keiss
Links, Caithness, mature, pipes will be welded into strings onshore and winched
out to sea through a cut in the dunes. Dr A. S. Mather of Aberdeen University is
advising the Conservancy on the implications of this development for the
geomorphological and bIological interest of the sand dunes and on the measures
which should be taken to minimise the impact of the development and to ensure
effective dune stabilisation and rehabilitation. Permission for the Keiss Links
development has been granted for a two year period only but it seems likely that,
if the project proves successful, there may be similar proposals in north-eastern
Scotland for more permanent schemes; the Conservancy will seek to safeguard
sites of high nature conservation importance from this type of development.
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MERTHYR MAWR WARREN SSSI, MID-GLAMORGAN

WURT PIT, SOMERSET
As reported in Information Cicular 14, (p.24), proposals to fill in this closed
depression in order to improve the agricultural potential of the surrounding land
were submitted to the Local Planning Authority. The Conservancy opposed the
application, which would have totally destroyed the scientific interest, and it was
turned down by Somerset County Council on the basis of our evidence. The
applicant did not appeal against this refusal of planning permission within the
statutory time period so that the anticipated pu blic inquiry at the site will not
now be held. Thanks are due to all who lent their support to the conservation
case and helped to obtain this satisfactory decision.

FOSSIL GROVE, GLASGOW
The group of stumps and prostrate trunks of Lepidodendron which form the
Fossil Grove have been conserved by the City of Glasgow since their discovery in
Victoria Park in 1887. A building with galleries for visitors was erected to protect
the fossils but nevertheless a gradual deterioration in the condition of the
enclosure and the fossil material has taken place over a number of years. An
assessment of the best means of how to reverse this decay has been undertaken
jointly by NCC and Glasgow Corporation and Mr F. Howie of the
Palaeontology Laboratory of British Museum (Natural History), has prepared a
report at the request of NCe. Glasgow Corporation's Conservation Officer feels
that more could be made of the Grove and that a diorama or other interpretative
display should be designed to give the general pu blic a better understanding of its
significance.

DUNGENESS SSSI, KENT
The extensive cuspate foreland of Dungeness has long been subject to a
diverse range of conflicting land-uses including shingle extraction, water
abstraction, MOD use, nuclear power development and recreation. As reported
in Information Circular 14. (p.22), Kent County Council recently undertook the
preparation of a Local Plan for Dungeness and a joint working party of
statutory and voluntary conservation bodies was set up to report on the nature
conservation aspects. The Draft Plan, which was produced at the end of 1978,
placed strong emphasis on nature conservation and all the recommendations of
the working party were accepted in principle. It is hoped that when the plan is
finalised it will provide a basis for the conservation of the remaining
geomorphological interest of Dungeness.

available for examination by arrangement with the Public Relations Officer at
British Steel Corporation's Rotherham Works.

ARDLEY CUTTING AND QUARRIES SSSI, OXON
In June 1978 the Section received advanced warning of proposals by
Oxfordshire County Council to use Ardley Fields Farm Quarry for refuse
disposal. The quarry lies in the J urassic White Limestone and features of special
interest include exposures of the higWy fossiliferous, marly, Shipton Member
and a hardground and an emergent horizon within the Bladon Member. A series
of meetings have taken place between Section representatives, the planning
authority and the site operators and it has eventually proved possible to reach an
agreement whereby a shallow section of quarry face will be left uncovered when
tipping and landscaping is complete. This, together with exposures to be created
in the quarry floor outside the tipping area, should retain the important
geological features visible in the quarry.

10. GEOLOGICAL CONSERVATION EXHIBIT
This exhibit, details of which appeared in Earth Science Conservation 15,
(p.19), is now on show to the public and is at present booked until the end of
February 1980. A detailed prospectus is available from Or K. L. Duff at
Foxhold House and student worksheets at three separate levels, to enable
teachers to make full use of the exhibit as an educational facility, can be
provided. The worksheets are designed for non-specialist geologists, '0' level
students, and 'A' level students. Specimen copies will be sent to inquirers on
request.
The exhibition will visit the following museums; further bookings can still be
accepted:
1979

1980

ASHFIELD BRICK PIT SSSI, SOUTH YORKSHIRE
As recorded in Information Circular 14, discussions between the
Conservancy, the Local Planning Authorities and the site operators, the British
Steel Corporation, took place in 1977 to try to achieve reinstatement of the Coal
Measures! Magnesian Limestone unconformity once seen in this pit. Following
excavations undertaken by British Steel the unconformity is once again
28

March 5  March 23
April 2  May 25
May 28 - June 29
July 2  July 7
July 30 - September 28
October 1  November 9
November 12 - November 30
December 3  December 28
January 3  February 1
February 4 - February 29

"THE LAST GLACIATION" -

Imperial College, London
Yorkshire Museum, York
Stockport Museum
Dudley Museum
Warrington Museum
Kelvingrove Museum, Glasgow
Hawick Museum
Dumfries Museum
Stoke-on-Trent Museum
Swindon Museum

LEAFLET AND WALLCHART

This leaflet and wallchart, described in Earth Science Conservation 15, p.28,
can be obtained from Interpretative Branch, Nature Conservancy Council,
Attingham Park, Shrewsbury, SY4 4TW.
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