'ditorial
Since the Rio Summit in 1992,
the conservation of the Earth's
natural heritage has become a
prominent topic in
environmental debate. The
principles of sustainability and
maintaining biodiversity are
central themes in nature
conservation strategies at
international, national and
local levels, and are crucial in
governmental policy
formulation. Since geology
and geomorphology underpin
the natural and cultural
landscapes which clothe our
planet, we must ensure that
their importance is fully
recognised in the wider
context.
In this issue of Earth
Heritage, we explore the
interface between 'geodiversity'
and other aspects of our
natural and cultural heritage.
Education, in its broadest
sense, is fundamental to
developing an understanding of
these relationships and in
ensuring that measures are
taken to safeguard often
irreplaceable~itesand features.
We all have a role to play
here, whether as scientists,
educators, policy makers or on
the-ground practitioners.
Future issues of Earth Heritage
will continue to develop this
integrated approach, working
towards the vision of a holistic
appreciation of our natural and
cultural heritage. Your
thoughts and contributions are
invited.
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n recent years, the conservation of
biodiversity, including species and
habitats, has achieved a political
prominence which would have been
difficult to predict a decade ago. As a
consequence, a wide range of man
induced changes and ecological
processes are being focused upon, but
very little would appear to have been
wrinen or said about the fundamental
importance of geology, pedology and
active and fossillandforms as the
template upon which biodiversity is
developed.
Historically, there has been a
surprisingly limited dialogue between
geologists, geomorphologists and
ecologists, especially about
conservation issues. However,
ecologists have long been aware of the
importance of rocks, soils and
landforms as one of the fundamental
forces driving the evolution of species
and controlling the development of
ecological pattern in habitats. Several
of the classic early studies of ecology
focused upon geologically influenced
phenomena. For example, in south
east England, the studies of Sir Arthur
Tansley and his contemporaries
examined the differences between the
'calcicole' flora of the North and
South Downs and the 'acidophile'
flora of the nearby Weald. Amongst
amateur naturalists, there has been a
similar awareness of the important
controlling influence of geology on
flora and, to a lesser degree, fauna.
Since Victorian times, there has
traditionally been a geological map in
the introduction to nearly every
country or regional flora, with often a
zonation of the country into 'floristic
districts' based largely on major
geological boundaries - an approach
adapted by English Nature in the
development of the 'Natural Areas'
concept (Earth Heritage, 1, pages 8
12).
Recently, the ecological research
community has paid little anention to
these patterns of distribution, partly
because their experimental
investigation and interpretation has
proved to be so difficult. I would like

to suggest, however, that if
biodiversity conservation is to be
developed scientifically, it is now
timely for ecologists, geologists and
geomorphologists to collaborate more
closely on the interactions between
species, habitats and geological
phenomena.

Unusual rocks and
rare plants
Living organisms are adapted to all
aspects of their evironment, not just
the geological or geomorphological
characteristics, important as these are.
As a result, correlations between
geological variation and biodiversity
are not always simple. Many sites of
high geological interest have negligible
biological ig:erest, indeed SOme are
nearly sterile; and many sites of high
biological interest occur in areas with
no distinctive geological or
geomorphological features, often in
response to special panerns of
management by man, or for climatic
reasons. However, as might be
predicted theoretically, there would
appear to be a surprising number of
rare and local species, particularly

plant species, which are associated
with unusual lithologies, and these can
also give rise to rare and unusual
habitat types.
One of the clearest examples occurs
where mineralisation by heavy metals
has taken place to create conditions
which are toxic for the majority of
species. The fact that a small number
of rare and local plants, such as
Leadwort Minuartia vema and Alpine
Penny-cress Thlaspi alpestre, along
with several rare moss and lichen
species, are more or less restricted to
such situations has long been noted by
mineral prospectors and geologists, as
well as by plant ecologists who have
researched this maner extensively.
More localised, and even more
ecologically unusual, are the habitats
and assemblages of rare and local
species which occur on serpentinites,
a type of altered igneous rock. In
Britain, the best known localities for
these unusual floras are Keen of
Hamar in the Shetland Islands and
The Lizard of Cornwall. In the case
of Keen of Hamar, a number of
distinct varieties and subspecies which
are adapted to the serpentinite occur.
In both localities, one of the most

Many rare species which are thought to have been widespread In late glacial and
early post-glacial times survive in Upper Teesdale, County Durham, on unusual 'sugar
limestone'. They grow in open grassland and along the banks of small streams
crossing the metamorphosed outcrop.
(Photo by Peter Wakely)
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famous Spring Gentian Gemiana
vema and Teesdale Sandwon
Minuartia strieta, would appear to
have been widespread in the late
glacial and early post-glacial period,
but are now confined to Upper
Teesdale and a limited number of
upland relict sites in Blitain.

Geological heterogeneity
and biodiversity

Thyme Broom-rape Orobanche alba Is a rare plant which parasites wild thyme.
Although its host plant is widespread on chalk and limestone, most of the British
populations of this species occur on igneous rocks such as serpentine and dolorite.
(Photo by John Hopkins)

unusual features of the vegetation is
the breakdown of the normal rules of
plant distribution, with many species
of acid soils, such as Heather Calluna
vulgaris and Perry Whin Genista
tinctoria) found growing with species
typical plants of calcareous substrates,
such as Common Dropwon
Filipendula vulgaris and Frog Orchid
Coeloglossum viride. A striking feature
of The Lizard is that the most
abundant species found, on soils
ranging from skeletal brown eanhs to
peaty gleys, is the rare Cornish Heath
Erica vagans which, in Britain, only
occurs at one small site in County
Fermanagh, Nonhern Ireland, outside
of Cornwall.
It might be expected that ecologists
have studied other igneous rocks, but
this does not appear to be the case.
Outcrops of dolerite occur at many
sites in Britain, and these frequently
host a range of rare and local species 
many of them are designated as Sites
of Special Scientific Interest (SSSIs)
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as a result. However, other than a
small amount of ecological research
on the dolerites of the Welsh Borders,
these rocks would appear to have
attracted only limited attention from
ecologists, although dolerites compete
with serpentinites in terms of the
ecological peculiarities they exhibit.
One of the most striking examples
of a rare geological feature creating
favourable conditions for the survival
of rare species is to be found on
Cronkley Fell and Widdybank Fell ,
Upper Teesdale, County Durham,
where localised metamorphism of
thinly bedded limestone has created
coarsely granular 'sugar limestOne'.
This rock weathers very slowly to give
shallow coarsely granular soils which
are extremely low in plant nutrients
and high in heavy metals. However,
these inhospitable conditions for plant
growth have allowed the survival of an
exceptional diversity of rare plant
species with low competitive ability.
Many of these rare plants, such as the

Unusual geological conditions do
not always mean that rare species or
habitats occur at a site. However, I
believe that it is more generally the
case that high levels of biodiversity are
associated with a diverse range of
lithologies, soils and landforrns,
although there has been linle or no
research about this relationship,
perhaps because it is seen as being
self-evident by ecologists.
A particularly clear example of this
correlation is provided in Upper
Teesdale, referred to above. The
'sugar limestone' has achieved
mythological importance amongst
ecologists and naturalists, and it is
often assumed that this is the only
reason why the area is rich in rare
plant species. Although it is true that
the very highest concentrations of rare
species occur on the 'sugar limestone',
a significant number of Teesdale's
rare species occur on other rock types,
such as Alpine Forget-me-not
Myosoris alpestre on non
metamorphosed limestOne and
Shrubby Cinquefoil Potentilla jnaicosa
along stream and river banks. The
solid geology, which is extremely
complex and includes intrusions of
dolerite, coupled with the wide
diversity of active'and fossillandforrns
accounts for the biodiversity of the
area. A large proportion of the rare
species can be found along the now
regulated upper section of the River
Tees and its unregulated Harwood
Beck tributary, where processes of
erosion and deposition have also
maintained open conditions required
by the post-glacial relict species. This
area would, therefore, b~
internationally noted for its
biodiversity even if the unusual
metamorphosed limestOne did not
occur.
Similarly, The Lizard, also referred
to above, contains a wide range of
lithologies, soils and landforms, and it
is far from true that the presence of
serpentinite is the only reason why it
is a 'hot spot' of rare plant diversity.
In fact, very few rare and local plant
species found on The Lizard are
entirely confined to the serpentinite,

and the species which takes its English
name from the area, the so-called
Large Lizard Clover Tri.folium
molinerri) is one of a group of rare
plants which does not occur on
serpentinite at all.

Geomorphology in service
of biodiversity
Given that geomorphological
processes have an imponant influence
upon biodiversity, it is not surprising
that geomorphologists have become
involved in a significant number of
wildlife conservation problems.
Just as the vegetation of Britain has
been markedly changed by human
activity, so is the hydrology of Britain
markedly regulated and influenced by
man. Not surprisingly, many
problems of wildlife conservation
relate to hydrology. These include the
dramatic effects of water abstraction
upon rivers and fenland systems in
south east England, the changes to fen
and grassland sites caused by gravel
workings which alter local ground
water characteristics, and the effects of
pump drainage upon wet grasslands
of imponance for wading birds. A
high proportion of statutory

environmental assessments carried out
in connection with proposed
development now include studies of
hydrological problems, whilst
hydrological advice has informed not
only the management of SSSIs, but
also management regimes and
payment schemes within some
Environmentally Sensitive Areas.
The contentious issue of lowland
peat bog conservation and restoration
has also focused significantly upon
hydrological problems. However,
geomorphologists have paid linle
attention to British peatlands, despite
the very e},,1:ensive areas covered by
peat in Britain and the complex
regional variation in bog structures
which are reflected in the differing
assemblages of plants and animals that
they contain.
The coast provides an even wider
range of opponunities for
collaboration between ecologists and
geomorpholigists. Coastal habitats,
whether they are cliffs, salt marshes,
sand dunes or beaches, are naturally
dynamic systems. Many of the
species and habitats found in these
areas are not just tolerant of natural
erosion and deposition, they are
actually dependant upon it. Like the

geomorphological interest of the coast,
its biological interest has suffered due
to coastal defence works and other
activities which have disrupted natural
physical processes. The concept of
Coastal Zone Management, which has
achieved a wide acceptance as the way
forward in coastal planning in Europe,
has not only the objective of
harmonising existing land use
interests, but does so within a
framework which works with natural
ecological and geomorphological
processes, not against them. There
are, therefore, many projects where
ecologists and geomorphologists are
working tOgether on the coast, indeed
the distinction betvveen the disciplines
is becoming increasingly blurred.
Other as yet unexplored avenues for
collaboration betvveen
geomorphologists and ecologists may
exist. Montane areas contain some of
our most vulnerable and threatened
wildlife, but this is adapted to a harsh
environment where, due to the
influence of rain, snow, frost and
wind, natural processes of erosion and
deposition are everywhere to be seen.
The thin skin of vegetation which
covers and protects our mountains is,
however, easily damaged by

Cornish Heath Erica vagans only occurs at two localities In the British Isles. It Is the most abundant species found on the
serpentinite and gabbro of The Lizard, Cornwall, and also occurs at one small site in County Fermanagh, Northern Ireland.
(Photo by John Hopkins)
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JOrate Lukosius-Sanders, Ministry of Northern Development and Mines, Ontario, Canada
,

Active shingle ridges at Orfordness, Suffolk, support a range of plant and animal species which are adapted to these naturally
unstable conditions.
(Photo by Pat Doody)

recreational activity, and it has proved
difficult to develop techniques which
either repair this damage or divert
recreational use into less sensitive
areas. The closer involvement of
geomorphoJogists with these problems
may stimulate new solutions and
techniques of restoration and
management.
In contrast, there are many
situations where highly artificial
landfonns are being created by
engineers, as in quarries and as part of
road schemes and other development.
Traditionally, the approach to these
new landfonns has been to seek to
create as much stability as possible,
and the planting of trees and shrubs
and sowing of wildflower seeds has
been the main concession to nature
conservation. However, engineering
these structures to have dynamic
geological or ecological properties,
albeit ones which do not put human
life at risk, has many attractions. This
has been shown by work on 'creative
blasting' to experimentally reshape
quarries in the Peak District of
Derbyshire, giving a better aesthetic
appearance after working and creating
wildlife habitat.These artificial cliffs,
screes and open rock shelves have a
potential for biodiversity conservation
much greater than sown wildflowers
on imported top soil, which so often
clothe newly created structures.
The creation of new freshwater
bodies as wildlife habitat also deserves
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further thought. A valuable pond for
wildlife is nonnally seen as a
pennanent body of clean water with
fringing wetland vegetation. However,
some of the most threatened aquatic
animals and plants occur in small,
shallow, seasonal water bodies, not
pennanent ones. In appropriate
situations, the creation of such pools
could make a very significant
contribution to biodiversity
conservation. Expert advice will be
required as, ironically, a seasonal pool
is a more fragile and difficult habitat to
establish than a deep permanent pond.

Future collaboration
There is already collaboration
between geologists, geomorphologists
and ecologists about conservation, but
it is still limited to relatively few
specialisms. This suggests that there
are a number of deep seated
impediments to interdisciplinary work
to be overcome.
Many sites combine a significant
wildlife interest with importance for
geological conservation. However, from
time to time, there are cases where the
objectives of biological conservation
and geological conservation are
diametrically opposed, such as as, for
example, where important active
quarry sections which cannot be
conserved without active working abut
important vvildlife habitats. These cases
may have a damaging effect upon
communications. In addition, there is,

as ever, the problem of specialist jargon
which creates boundaries to
communication and impedes the flow
of ecological ideas into the geological
sciences and vice versa.
I have, on many occasions,
discussed the interaction between
biodiversity and the geological
sciences with geologists and
geomorphologists, but these
discussions have been faltering and
inconclusive. One important reason
for this is a desire for simple
explanations for c<;>mplex interactions.
As noted above, it is true that unusual
lithologies support many rare species
and unusual habitats, but this is not
always the case. Often, important
and unusual geological strata are
hidden beneath drift deposits, which
means they have no effect upon
surface ecology. Sometimes, the
features of geological interest do not
shape the biological characteristics of
the environment in any noticeable
way.
Despite this, I believe that it is as
near a universal truth as any other
rule in ecology that a high diversity of
rocks and landfonns will be reflected
in a high level of biodiversity.
There remains a large number of
intriguing possibilities for collaborative
research and many important
biodiversity conservation problems
where geologists and
geomorphologists could make an
important contribution. •

hose who stop along the north
shore of Lake Superior come
away with a sense of awe and
memories to last a lifetime. This
rugged, rocky land is rated amongst
the most scenic in Canada. While
most can appreciate this wild beauty,
not many understand the geology.
To help introduce tourists to
geological features, Ontario's
Ministry of Northern Development
and Mines (MNDM), for which the
author was Regional Parks Geologist,
initiated a regional parks programme.
The parks are managed by the
Ministry of Natural Resources
(MNR) and the programme serves
as a link between the two bodies.
Neys Park was established in
1965 and is located about 15
kilometres west of Marathon,
Ontario. It comprises 3,260 hectares
of spectacular landscapes, from long
glistening beaches to high conical
hills. The bedrock underlying Neys
Park is part of the Coldwell Alkaline
Complex. The unique geology is
one of the primary interpretive
themes, the others being the rugged
topography and the overlapping
habitat for deer, moose and
woodland caribou.
The idea for a self-guided
geological hiking trail was proposed
by Mike Jones, MNR's Regional
Naturalist, responsible for visitor
services at Neys Park. The objective
was to design a t\vo to three
kilometre trail, near to the camp
sites, taking advantage of a
continuous strip of wave-washed
shoreline exposures.
The Coldwell Alkaline Complex is
circular, with a diameter of about 25
kilometres. The exposed intrusive
igneous rocks constitute the shallow
roots of volcanoes, which were active
one billion years ago. Research
suggests that a caldera complex
formed through three cycles of
doming, volcanism and collapse.
The unique feature of the Coldwell
Alkaline Complex is that it exposes
both over-saturated and
under-saturated syenites.
In the area of the trail, the
bedrock consists of nepheline syenite
and biotite gabbro. Preparatory
fieldwork in 1992 involved traversing

the coastal exposures, and the
adjacent wooded inland areas, in
search of the best stops and the best
vantage points. Away from the Lake
Superior shoreline, the outcrops
were obscured by persistent moss
and lichens, and features such as
dykes were impossible to see. The
decision was, therefore, made to
keep the entire trail route on the
barren rock of the shoreline area.
No paths would have to be cut, no
bush cleared, and people would be
able to select their own route from
one stop to the next. Once the final
stop was reached, the hiker would
return back along the same route.
Despite the rocks exposed along
the shore being distinctly marked by
glacial movements, the theme chosen
was that of a magma chamber. The
glacial story can be told just about
anywhere in northern Ontario, but
only here can the unique rocks of the
Coldwell M<ali Complex be
examined.
A title was required for the trail.
Although the public would not
understand the meaning of the
words 'magma chamber', many
people could conjure up an image of
an erupting volcano, and so the
word 'volcano' was selected.
Unfortunately, a billion years of
erosion has decimated the volcanic

edifices of the complex, but why not
invite visitors to hike down 'Under
the Volcano'? This name was chosen
with the hope that it would intrigue
and mystify travellers, making them
curious enough to use the trail.
An information panel would be
erected at each of the 11 stops
chosen. Introductory material had to
be presented at the first stop 
setting the time frame, providing a
location map, defining terms and
introducing the main processes.
Later stops could then focus on the
features and textures in the rocks.
Each stop had to be safe to reach
and stand on, with the subject clearly
visible. There was a desire to have a
wide even-spacing between panels,
and to be able to see from one panel
to the next. The shoreline area is
very open, with panoramic sweeps in
many directions and numerous
horizontal elements, such as wave
crests, long driftwood logs, the
water's edge and outcrop surfaces.
This suggested that the panels had
to be low and wide, and had to fit
into the picture, without cluttering
up the scenery.
The design of the information
panels occupied the autumn of 1992.
The illustrations were drawn by the
author, based upon actual field
relationships and an amalgamation of

Glaciated exposures of nepheline syenite along the north shore of lake Superior.
(Photo by Jurate Lukosius-Sanders)
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Xenoliths (fragments) of biotite gabbro (darker rock) in nepheline syenite.
(Photo by JOrate Lukosius-Sanders)

drawings found in textbooks. From
the start, the idea was to keep the
diagrams simple and
self-explanatory. 'You are here'
arrows were liberally superimposed
on the drawings, much as on a map
of a local shopping mall. In a
three-dimensional sense, this allows
people to see where they are relative
to the eroded volcano. Colours were
carefully chosen to be as close to
realistic as possible, pink for
nepheline syenite, charcoal for
gabbro. Other colours used were
teal, aqua, grey, dark green, purple,
and the hot colours, yellow, orange
and red, to deplct magma. Special
consideration was given to

maintaining the same colours for
syenite and gabbro throughout the
panels, thereby reinforcing the
association without labelling. Most
of the illustrations were designed to
extend to the edges of the panels,
with the colour fading behind the
superimposed text.
The first draft of the text was
written by the author, who tried to
use less than fifty words to convey
the main theme, and to keep it at a
level that an eleven year old would
understand. Both guidelines were
very difficult to adhere to. The
solution was to present the main
theme briefly, in a large font,
followed by details in a medium

font. Those still interested enough
to read on would find the main
definitions reinforced in the smallest
font size, at the end. The author
and Mike Jones agreed that any
geological text would be a challenge
to most people, but the hope was to
make the panels interesting enough
so that, at least, the illustrations
would be examined.
With preliminary sketches and text
in hand, the author worked with
Annalee McColm (MNR), who had
produced interpretive signs for other
parks. With her guidance, a panel
size of 76.2 centimetres wide and
38.1 centimetres high was
determined. With regard to the
layout, the position of the title,
graphics and text was set. Font
styles and sizes were chosen, colour
schemes confirmed, sketches
completed and the level of technical
material in the text examined. A
mock-up of each panel was
produced.
A graphic design firm was chosen
to produce the artwork and, in
January 1993, this phase of the work
began. The decision was made to
use a technical drawing style, a
compromise between a cartoon-like
oversimplification and realism, which
was much too detailed. The artists
painted with acrylic on a medium
grey art board, highlighting and
infilling with a variety of media, such
as pencil crayon. The completed
artwork was digitally scanned.
Meanwhile, the text went through
nine drafts, although the original

Panel 3 relates the magma chamber to the volcano, while describing a caldera collapse cycle. (Photo by JOrate Lukosius-Sanders)
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content was not altered. Mike Jones
worked to improve the style, to make
it more enticing to read, whereas the
author kept an eye on continuity and
technical accuracy. Eventually, ten
people reviewed the text, along with
black and white laser copies of the
artwork. The reviewers were
geologists, interpreters,
communications specialists and lay
people.
The graphic design firm received
the text and, through their computer,
superimposed it over the artwork.
Frutiger Extra Bold font was selected
for the titles as it is simple and
uncluttered. All the titles were done
in white as knock-outs in 100 point
size. The font used for the body of
the text is Frutiger Book. The text
ranges in size from 22 point to 16
point and is primarily black, but
where the background is very dark,
white is used.
The united artwork and text was
completed by September 1993. For
approximately $12,000,
camera-ready art boards had been
produced, with the text laid out in
computer files. Actual-size black
and white laser prints, with both the
artwork and text, were produced for
reference.
The process of manufacturing
these panels involved
photolamination directly onto
spectrolite board, 3 millimetres thick.
The spectrolite has an ultra-violet
filter built in and is guaranteed not
to fade for five years. This board
was fused to a solid aluminum core,
creating a panel about 2.5
centimetres thick. Reinforced bolt
holes were built into the back of
each panel to facilitate their
mounting onto a steel backing. By
December 1993, the panels were
finished at a cost of about $11,000.
At the time of writing, the design
of the posts and backing is
underway. Due to the unevenness
of the bedrock surface, a single post
will be utilized to hold up each
panel. The posts will average 56
centimetres high, with the panels
sloping at 15 degrees from the
horizontal.
The installation of the panels will
take place in June 1994. Holes will
be drilled into the bedrock and a
permanent base plate attached. The
panels will be covered with clear
plexiglass. When the park closes at
the end of the summer, all of the
panels and posts will be removed for
storage. In winter, there is a major
risk of damage by shifting ice flows
and the very high levels of

Panel 6 depicts the sequence of intrusion and the formation of xenoliths.
(Photo by JOrate Lukosius-Sanders)

ultra-violet radiation reflecting off
snow and ice. The storms of
autumn spawn waves as high as 7
metres, and the driftwood and
boulders thrown around during these
events could also do great damage.
The risk of vandalism of the
panels is minimal, due to the
remoteness of the area. Visitors to
Neys Park number 10,000 to 15,000
per year and most are likely to use
the new trail. It is hoped that the
panels will have a lifespan of 10 to
20 years. h e rocks, we know, will
last much longer.
The author has prepared a
manual for the park's interpretive
staff to teach them about basic

igneous processes, weathering
processes and features that they will
encounter along the trail. A 20
minute slide show, with text, has
been prepared for staff to use in the
visitor centre. A new geological
display will also be installed in 1994.
There is much that can still be done,
but it is most important to continue
to educate and support the efforts of
the interpretive staff, as their
familiarity with the trail increases.
Through the 'Under the Volcano'
trail, visitors to this stretch of Lake
Superior's shoreline will come away
with a better understanding of the
geological processes that created this
remarkable land . •

1 'Under the Volcano' introduces trail, map of route, length,
Trail
cautions.
.
2 Coldwell Alkaline
Complex

simplified regional/location map,
defines terms.

3 Magma Chamber

process of doming, volcanism and collapse,
repetition of cycle, defines magma.

4 Written in Stone

erosion by continental glacier, erosion of
volcanic edifice.

5 Nepheline Syenite

defines rock, describes visible minerals,
crystallization.

6 Ghosts in the
Magma

formation and assimilation of xenoliths.

7 Biotite Gabbro

contact, new rock type, differential
weathering.

8 Black Invaders

calcite ocellular lamprophyre dyke, timing,
spatial relationship, ocelli formation.

9 Turbulence in the
Magma Chamber

crystallization and slumping of
mineral layers, convoluted patterns.

10 Joints

stages of joint development, boulder
formation.

11 Syenite Hills

bedrock control on rugged topography,
painting by Group of Seven artist Lawren
Harris, 'Pie Island'.

Themes of the information panels on the 'Under the Volcano' trail.
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The Newfoundland
connection 
Corsewall
Point

he Newfoundland connection
a cautionary tale in site denotification
John McCurry, Scottish Natural Heritage

The terranes concept
in Britain

place where they originated)
juxtaposed after, perhaps, hundreds
of kilometres of left handed
movement along the northern margin
of the Iapetus Ocean during its
closure. No longer was a purely
orthogonal approach to British
Caledonian geology acceptable.

eology is a young and rapidly
developing science. Estimates
attribute over 90% of our
geological knowledge to post-1960s
research. In the 1960s, a major
Site implications
revolution in thinking within geology
took place, with the widespread
One of the challenges for
adoption of plate tectonic theory.
professional geological
Since then, our science has advanced
conservationists is to keep abreast of
at a more regular pace, interspersed
research advances, and to ensure that
with episodic jumps which unleash a
the network of sites identified as Sites
wave of creative input from various
of Special Scientific Interest (SSSIs)
researchers. One such jump took
remains current and vital to
place within British Caledonian
geological research. The Geological
tectonics in the mid-1980s. Following
Conservation Review (GCR) was an
Dewey's seminal 1969 work which
attempt to rationalise the process of
interpreted the Caledonian geology of
site selection, and to identify a
the British Isles as the result of the
closure of a proto-Atlantic
ocean, interpretations of British
geology were dominated by an
orthogonal approach. Major
faults, such as the Highland
Boundary FaulCand Southern
Uplands Fault, were interpreted
as having vertical movement
histories, with direct correlations
made between the rock
sequences across the faults. In
the early to mid-l 980s, a variety
of workers began to explore the
possibility of major horizontal or
strike slip movements having
occurred along many British
faults. Repeated evidence of left
handed movement was found
throughout rocks having
undergone Caledonian
deformation and, in many cases,
the provenance history across
major faults did not match.
Comparisons with geological
structures elsewhere in the
world, particularly with western
North America, led to the
adoption of the terranes concept
in Britain. The major faults of
northern Britain (Figure 1) were
interpreted as the boundaries
between allochthonous terranes
(those which had travelled a
The Corsewall Point conglomerate.
considerable distance from the
(Photo by John McCurry)
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comprehensive network of sites
which conserve our most important
geological features in Great Britain.
Many of the sites have an intrinsic
scientific interest which lends them
lasting status as scientifically
important. However, there will
always be a number of sites whose
scientific importance will wane with
advances in interpretation. The
GCR has rationalised the process for
selecting sites; however, the same
rigour needs to be applied when
deselecting sites. The GCR has
resulted in the deselection of a
number of SSSIs notified under the
1949 National Parks and Access to
the Countryside Act. In addition,
deselection of sites is likely to occur
at some stage in the future as the
GCR is itself reviewed. Recently, two
1949 Act SSSIs, not reselected under
the GCR, have come up for
denotification within Scotland.
These serve to illustrate the
influence that advances in
research may have on the way a
site is perceived, and the need
for caution before the decision
to deselect is taken. Both sites
are in Galloway, in south west
Scotland, and the significance of
both has been influenced in
major, although opposite, ways
by the new terranes research in
Britain.

Death of an SSSI 
Portayew Bay
Portayew Bay is within the
Southern Uplands thrust belt.
Although considerable debate
has raged over the exact tectonic
interpretation of the Southern
Uplands, most workers support
its interpretation as a subduction
related accretionary prism.
After work by Peach and Home
last century, the survey map
published in 1923 showed the
Ordovician-Silurian boundary
just south of Portayew Bay.
This boundary was interpreted
as a major thrust zone by Kelling

The second site under
consideration is 22
kilometres north of
Portayew Bay, at
Corsewall Point. This site
contains an impressive
Llandeilo/Caradoc age
boulder conglomerate
within a greywacke
,/J
r:;J'
~~.u..!o'
sequence (see photo).
D,
The varied suite of extra
basinal clasts includes
granites, rhyolites, spilites,
gabbros and cherts. The
site was notified as an
SSSI on sedimentological
grounds in 1971, following
work by Kelling (1961)
. who interpreted the
A conglomerates as slide
N
deposits formed in a
,
75 km
I
shallow marine
------------'----------'
environment. Through
Figure 1. Map of Scotland showing the major
time, they became
Caledonian terrane boundaries and the location of
recognised as deep water
Portayew Bay and Corsewall Point.
deposits formed in the
in 1961. As Portayew Bay was the
inner channel of a deep sea fan.
only place within the greywacke
The CoJewall Point conglomerate
sequence in the Southern Uplands
is strategically positioned adjacent to
that the Ordovician-Silurian
a major terrane boundary, the
boundary had been identified, it was
Southern Uplands Fault. It is located
designated in 1971 as an SSSI
within a unique sub-block caused by
(Figure 2).
a splay in the fault, which is here
divided into the Stinchar Fault to the
This interpretation was challenged
north and the Glen App Fault to the
by new research on terrane
south. Palaeocurrent evidence
boundaries in 1986, when Anderson
indicates that the conglomerate was
and Oliver identified the
derived from the north west.
Cairngarroch (Orlock Bridge) Fault
McKerrow realised that an
at Calves Hole, 400 metres south of
examination of the provenance of the
the SSSI, as the major tectonic
boulders within the conglomerate
boundary in the area. They traced
could provide information about their
the fault for over 200 kilometres
source, which must lie across the
across Scotland and Ireland, and
terrane boundary. If that source
interpreted it as a major strike slip
terrane boundary with a left handed
could be identified, we would be able
to determine the nature of the
displacement in excess of 400
movement along the boundary.
kilometres.
Working as a PhD student for
Denotification of the Portayew Bay
McKerrow, Elders started to
site is easy to justify - the tectonic
investigate the provenance of the
boundary between Ordovician and
boulders at Corsewall Point.
Silurian rocks that it was believed to
Through radiometric dating and
demonstrate we now know exists
geochemical and petrographic
well to the south of the site. The
analyses of the boulders, Elders was
Portayew thrust zone within the site
able to determine that the suite of
is poorly exposed and is highly
five granitic boulder types within the
inaccessible. Similar thrust zones are
conglomerate could only have been
found throughout the Southern
sourced in what is today north west
Uplands, and a much more
Newfoundland. This dramatic
impressive example showing multiple
finding required a left handed strike
imbrication has been selected at
slip movement of 1500 kilometres
Grennan Bay (NX 0775 4373) as an
across the Southern Uplands Fault
SSSI.

I

(Elders 1987). This work provides
one of the most precise indicators yet
of large scale sinistral movements
within Britain during closure of the
Iapetus Ocean (Figure 3).
Elders' work has not gone
unchallenged. Kelley and Bluck
(1989) refute it, based on
radiometric work of their own from
the Southern Uplands; while Owen
and Clarkson (1992) argue that
faunal evidence supports at most
only a few hundred kilometres of
strike slip movement along the
Southern Uplands Fault.
Corsewall Point is clearly a site of
major research importance in British
geology and, as such, fulfils the
criteria for designation as an SSSI.
Denotification of such an important
site seemed inappropriate and,
instead, an appeal was made
(successfully) through the Joint
Namre Conservation Committee for
its late inclusion as a GCR site.
Although the tectonic importance of
the site has only latterly become
apparent, its value for provenance
studies as an extra-basinal
conglomerate, in conjunction with its
close proximity to major fault
boundaries, should, perhaps, always
have been evident.

To the lighthouse
Lighthouses have a way of
attracting people. At Corsewall
Point, a prominent lighthouse exists
next to the most impressive
development of the boulder
conglomerate. Although the site is
not formally developed for
recreational purposes, it attracts
numerous visitors. The Corsewall
Point locality is a prime example of a
site ripe for sensitive development by
Scottish Natural Heritage, combining
-as it does three important factors:
1. The area already attracts
significant numbers of visitors
2. The geology is exciting and
understandable
3. Potential threats are not increased
through raising public knowledge
about the site.
It is not difficult to justify the
importance of a rock formation in
Scotland which contains boulders
originating in what is now
Newfoundland. Sites like these have
a major role to play in stimulating
awareness and enjoyment of our
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geological heritage. In a public
previously alienated by science, it is
only by increasing understanding of
our natural henlage .that we can
effectively ensure its long term
conservation. It is hoped to develop
an interpretation panel and/or a
short annotated trail at Corsewall
Point to explain the geology of the
site. Planning is at a preliminary
stage, but already a local
organisation has indicated its
willingness to fund the project. The
spin-off effects through tourism of
natural heritage developments such
as these are increasingly recognised
in Scotland.

Scientific importance 
past, present and future!
Where deselection decisions about
the scientific importance of a site
have to be made, an understanding
of the future research potential of a
site is as important as assessing its
current research status. In a
tectonically complex zone such as
the British Isles, conglomerates are
only one example of a rock type
with potential to throw up exciting
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Figure 3. Diagrammatic representation of the
closure of the lapetus Ocean showing strike slip
movement in northern Britain. The relative
positions of Newfoundland (N), Corsewall Point (C)
and the Midland Valley (m) are indicated.

new information about our
geological past. To keep abreast of
research developments in our fast
moving science, it is, perhaps,

what can they do to conserve our geological features and landforms?
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necessary for geological
conservationists to be one step ahead
of, and not one step behind, the
general geological community. •
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Richard Wright, English Nature
ocal authority planners should
play a vital role in
safeguarding our heritage of
geological features and landforms.
The awareness and attitudes of
planners to the conservation of
these features in their area is crucial
to ensuring that planning policies
adequately protect this part of our
heritage. The conservation of this
heritage should be equally as
prominent as the conservation of
wildlife in the policies set by local
authorities. To assess the inclusion
of 'earth science conservation' in
county structure plans, English
Nature commissioned a planning
consultant, David Tyldesley, to
review a sample of 14 such plans.
His findings are as follows:
•

Nature conservation is explicitly
referred to as a priority issue in
about half the plans examined,
and this is expected to increase

•

Although earth science
conservation is normally implicit
in nature conservation policies
(for example, in the safeguard of
special sites), such policies are
dominated by wildlife
conservation with little or no

reference to geological features
and landforms - earth science
conservation is not recognised as
a priority issue
•

Geological features and
landforms are frequently seen by
planners as more closely
associated with landscape
conservation and may, therefore,
be more readily protected by
such policies

•

Structure plans do not generally
recognise the importance of
geological features and
landforms as an influence on the
environment or on economic
resources.

The re~ns for these 'attitudes
are best understood in the light of a
series of interviews conducted with
planners.
There is generally a low level of
awareness and understanding of
earth science conservation amongst
planners, but no evidence to suggest
that they deliberately dismiss it - it
is quite simply overlooked! Planners
do not regard earth science
conservation as a high profile
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The classic coastal scenery of Lulworth Cove, Dorset. (Photo by Richard Cattle)

environmental subject such as
wildlife or landscape conservation,
although they do consider it as
being relevant to planning.
Planners are also confused by and
misunderstand the term 'earth
science conservation' and would
prefer a term which incorporates
'geology and land features' instead.
This confusion adds to their neglect
of the subject.
Planners see geological features
and landforms as falling into two
distinct groups - firstly, those of
scientific/educational value, and
secondly, those of
aesthetic/amenity/landscape value.
The former are seen as being rather
esoteric and do not command the
same level of support as those of
aesthetic/amenityllandscape value.
So what can be done to improve
the situation? There are three main
avenues open to English Nature and
others:
•

Raise planners' awareness of the
need for conserving geological
features and landforms

•

Make sure that the conservation
of geological features and
landforms is seen as being
relevant

•

Ensure that policies in plans
cover the conservation of
geological features and
landforms.

Although it is clear that landscape
conservation policies might provide
a ready route for the inclusion of
geological features and landforms in
plans, and that English Nature's new
Natural Areas concept (Earth
Heritage, 1, pages 8-12) provides a
vehicle to push forward the cause, a
great deal of additional work is
needed. The following action is
proposed by English Nature:
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racking a carnivorous dinosaur
on the Isle of Wight

Jon Radley, Museum oflsleofWightGeology

Distinctive bedding in the Bridport Sands at Burton Cliff, Dorset. (Photo by Richard Cottle)
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•

A series of articles in planning
journals and advice notes to
planners expanding the Natural
Areas concept, and the relative
importance of geological features
and landforms

•

Advice to English Nature's local
conservation staff on how to
review plans and input policies
for the conservation of geological
features and landforms

}
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Work with The Wildlife Trusts
to provide practical advice to
Regionally Important
Geological/geomorphological
Sites (RIGS) groups on how to
include RIGS in planning
policies.

Dorset County Council is a local
authority which already takes a
more enlightened view of the
importance and influence of
geology in its county. The
explanatory text included within the
Dorset Structure Plan is reproduced
here. It provides an integrated
appraisal of Dorset's geology and
landscape, and considers its
scientific and economic value
alongside the beauty and rich
diversity of its scenery. •

he foreshore between Cowleaze
Chine and Atherfield Point, on
the south west coast of the Isle
of Wight, frequently yields abraded
slabs of shelly limestone, exhibiting
well preserved dinosaur footcasts.
The adjacent cliffs constitute the type
section of the Vectis Formation and
form part of the Hanover Point to
St Catherines Point SSSI (Site of
Special Scientific Interest). The
Vectis Formation comprises the
upper part of the local Wealden
succession (Lower Cretaceous) and
consists of two shale dominated units
(Cowleaze Chine and Shepherd's
Chine Members) separated by a
sandstone unit (Bames High
Sandstone Member). These
sediments are relatively fossiliferous
and formed in and around a
subtropical coastal lagoon of
fluctuating salinity (Steward et al,
1991; Wach & Ruffell, 1991).
The footcasts are all preserved in
an identical shelly limestone lithology,
which indicates derivation from a
single parent bed. Despite extensive
investigations, a footcast bearing
layer has not been positively
identified in the cliff and may have
been wholly eroded away (also see
Stewart et al, 1991). Nevertheless,
Photo 1. A relatively fresh slab from
Cowleaze Chine beach, exhibiting a well
preserved theropod footcast. Note the
presence of claw traces and current
sorted bivalve shells (Filosina). Small
whitish specks covering the slab are
gastropod shells (Viviparus). The ruler is
30 centimetres long.
(Photo by Phil Waterman)

thin shelly limestone
lenses can be found in the
Shepherd's Chine
Member, so this division
may be the source of the
slabs. These limestone
layers have been
interpreted as storm
deposits, laid down on
shallow subaqueous
muddy substrates or
emergent mud flats which
are represented by the
dominant shales (Wach &
Ruffell, 1991).
The footcasts
themselves all appear to
be of a similar size,
suggesting that they
constituted a single
Photo 2. A worn slab from Cowleaze Chine beach,
trackway, preserved on
the underside of the bed. preserving the distal portion of a single digit cast
(bottom centre). Note the obvious trace of a long sharp
Complete or near
claw, and disarticulated Filosina shells. The ruler is
complete examples are
30 centimetres long. (Photo by Phil Waterman)
three toed, extremely
an in situ trackway, finds such as
bird-like in appearance and
approxirn~y 26 centimetres long,
these are increasing our knowledge of
from the heel region to the extremity
Wealden environments and dinosaur
activity, as well as enhancing the
of the middle digit (Photo 1). The
best preserved specimens show traces
scientific value of geological SSSIs.
of sharply pointed claws (Photos 1
By inspecting material owned by
and 2). These features indicate that
local coUectors, staff at the Museum
they were formed by the hind feet of
of Isle of Wight Geology are able to
a medium-sized theropod
study many more of these footcasts
(carnivorous dinosaur). English
than museum fieldwork alone could
Wealden theropods include such
provide. Cooperation of this nature
spectacular animals as BaJyonyx and
is always useful, and helps museum
members of the megalosaurid group.
staff (and ultimately other interested
Sadly, however, the specific identify
parties) monitor just what is being
found along the island's coast. •
of this particular theropod cannot be
confidently predicted from the tracks
alone.
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Lesley Davies, Buckinghamshire County Council

A site of great geological interest has,
quite literally, been unearthed by
Buckinghamshire County Council's
Countryside Management Service.
This service aims to conserve and
enhance the natural beauty of the
county, whilst making the
countryside more accessible and
increasing the public's understanding
and enjoyment of it.
Coombs Quarry lies on County
Council land at Thornborough, in
the north of the county, and has been
derelict for several decades. The
geological interest of the quarry was
first noted in the 1860s, during
mapping by the Geological Survey.
In its active days, limestone was
extracted and used for building and
for lime burning. Indeed, part of the
site's interest includes two lime kilns,
long since disused, but with skeletal
brick remains. The quarry is just a

few yards from the River Ouse, and it
is likely that stone was transported
away from the site by boat. It has
even been suggested that stone from
the quarry could have been used in
the construction of nearby
Thornborough Bridge, one of the last
remaining Medieval bridges in the
country.
The site has been known to the
Countryside Management Service's
North Buckinghamshire Project for
several years; but when funding was
secured from the Countryside
Commission last year (1993), they
set about the task of rediscovering the
past.
The project's initial task was to
clear the most easily accessible rock
face. Dense woodland and scrub
growth were cut back, and fallen soil
and debris were removed to expose
the rocks beneath. Pupils from the

A cleared rock face at Coombs Quarry. Note the fencing and boardwalk in the
foreground.
(Photo by Lesley Davies)

-

16

local Wendover House Secondary
School volunteered to help with this
work. Then, using a tracked
excavator, other rock sections around
the quarry were slowly revealed.
Coombs Quarry now offers one of
the only permanent sites in which
exposures of the Blisworth Limestone
Formation can be viewed in the north
of Buckinghamshire. The value of
the site has now been officially
recognised in its new status as one of
the county's Regionally Important
GeologicaVgeomorphological Sites
(RIGS). The rocks date back to the
Bathonian (Middle Jurassic), some
161-166 million years ago. Global
sea levels were then high, but
fluctuated from time to time,
exposing emerged areas to relatively
dry conditions. These conditions can
be compared to the present day
Florida Keys.
The geology can be divided into
three formations. Cornbrash overlies
Blisworth Clay, which in turn lies
above the Blisworth Limestone.
The Blisworth Limestone was the
main rock resource at the quarry and,
unexpectedly, is thickly developed. It
is divided into three members: the
Bladon Member (uppermost), a
uniform limestone with thin clays;
the Ardley Member (middle), a
variety of marine limestone with
recrystallised coral and marine
bivalves; and the Shipton Member
(lowermost), which is believed to lie
below the lowest strata seen in the
cleared face. This is to be the subject
of further research.
The Blisworth Clay (Forest Marble
equivalent) mainly comprises clays
and silts without obvious fossil
content. A prominent rootlet bearing
layer of marl suggests a period of
emergence from the sea and
colonisation by land plants. A layer
of limestone probably corresponds to
that containing the theropod
dinosaur footprints found nearby at
Thornborough Mill.
The Cornbrash is a brown

Padbury

Map showing the location of Coombs Quarry.

limestone rubble composed of shell
fragments. It is only seen at the top
of the section and contains a
distinctive and easily recognisable
fossil fauna.
It is not just the geology that is of
interest here. The secondary
woodland that has grown up since
the workings were abandoned is
predominantly hawthorn and ash,
and will be managed to promote
nature conservation. Although the
ground flora is not very varied at
present, light can now penetrate in
the cleared areas, and the project
will monitor changes over the next
few years. Much of the recent work
has been accompanied by a curious
spectator - a resident sparrowhawk 
who seems more fascinated than
concerned at what is happening.
The lime kilns cannot now be left
without attention as the processes of
weathering will quickly result in
their complete demise. Although
the kilns were partly knocked down
several years ago, the recent
clearance operation has revealed
that the brickwork base and front
archway of both have survived. They
are believed to have operated by
placing successive layers of coal and
stone inside; this was dug out
through the archway when burnt. A
programme of restoration is now
planned, and will include the partial
rebuilding of the brickwork and
works to protect the original bricks
from further deterioration.
The project now plans to open the
site to the general public and to

encourage its educational use
through on-site interpretation and
organised visits. Pathways have
been laid throughout the site and a
boardwalk constructed to provide
safe and easy access to view the rock
faces. A gftcular walk is being

developed which will link the quarry
to Thornborough Bridge, passing
alongside the River Ouse through
fine wildflower-rich meadows.
The major works at Coombs
Quarry took place during the spring
and summer of 1993. The project
will continue its management of the
site, promoting nature conservation
and keeping the exposed rock faces
clear of fallen debris. Planned works
also include the investigation of a
fault line, which will entail further
excavations.
The project has been advised by
Dr Michael Oates, a member of
Council of the Geologists'
Association, who lives locally. He
believes that the rediscovery and
restoration of the locality marks an
important step in compiling data
from an area in which, otherwise,
little is known.
If you would like to visit the
quarry and gain an insight into a
part of the county which usually lies
out of sight, please contact Lesley
Davies, North Buckinghamshire
Project, Countryside Management
Service, Valuation and Estates
Department, Buckinghamshire
County Council, Aylesbury,
Buckinghamshire HP20 1YH.
Telephone 0296 395000. •

Thornborough Bridge - built in Medieval times with stone which could have come
from Coombs Quarry.
(Photo by Lesley Davies)
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Sand and gravel la dscapes
in Northern Ireland
- a scientific basis for conservation?

T

he glacial heritage of Northern
Ireland is most evident in the
strongly lineated and
drurnlinised countryside which was
moulded beneath ice flows moving
from lowland areas onto the
continental shelf. Glaciofluvial or
'sand and gravel' landscapes date
from around 17,000 years ago, when
these ice sheets wasted back to
centres of dispersion. By this time,
the ice sheets had thinned

Marshall McCabe, University of Ulster

considerably, and variability in the
underlying relief now strongly
influenced the positions of the ice
margins, especially along the main
valleys and through upland cols.
This, in part, controlled meltwater
flow, resulting in a wide range of
stratified deposits and distinctive
sand and gravel landscapes.
These sand and gravel landscapes
are important aesthetically, providing
diversity in the generally

monotonous, lineated and drurnlin
dominated areas. The scale of
landforms and features within these
landscapes is higWy variable, ranging
from a few hundred metres to tens of
kilometres, and the constituent
deposits vary considerably in
thickness and character. Exploitation
of these higWy variable resources is
accelerating and results, in some
areas, in the wholesale removal of
parts of the landscape; in other areas,
operators use only 30-50% of the
grades, leaving unsightly craters.

of sand and
gravel landscapes

~pes

These are dependent on local
topography, the configuration of ice
margins, and the nature and location
of subglacial and proglacial meltwater
streams. Where landforms dominate
the skyline, their visual impact is
considerable. The range of
landforms and sediments is wide, but
can be categorised into 13 main
types (below) on the basis of
topography, composition,
relationships with other landforms
and sediments, and to the inferred
environment of deposition. These
groups include eskers, cross-valley
moraines and forms associated with
subaqueous deposition, such as
deltas. The following summary may
provide a basis for the scientific
selection of sites for the ASI (Areas
of Scientific Interest) and RIGS
(Regionally Important
Geological/geomorphological Sites)
networks in Northern Ireland.

debouching at tidewater as the ice
'heet margin withdrew from the
deeper parts of the Irish Sea basin
and re-equilibrated along the coastal
fringe. Their position, at right angles
to the County Down drumlin swarm,
provides the best evidence for
establishing the, close relationship
between the processes of drumlin
formation, paths of sediment
movement and ice-proximal
glaciomarine sedimentation within
the Irish Sea basin (Eyles &
\lcCabe, 1989). At a larger scale,
these landforms and sediments
provide crucial evidence for
demonstrating rapid ice wastage
within the basin and the initial
collapse of the last British ice sheet.
Such landform and sediment
associations hold the key to
interpreting Pleistocene events and
environments in the Irish Sea basin
and should, therefore, be a key
element in any site network.

Linear moraines
Two major examples are
recognised - the Armoy and
Ballykelly moraines. The Armoy
moraine, in north County Antrim,
consists mainly of stratified fine
grained sediments and is traditionally
regarded as having been formed by a
readvance of Scottish ice into north
east Ulster (McCabe, 1985).
However, drumlins on either side of
the feature have a similar orientation,
the top of the moraine is ribbed and
lacustrine sediments exposed in it are

Cross-valley f1uvioglacial ridges with a large kettle hole at Cam Lough, County
Tyrone. The ridges are deltaic and associated with a small feeder channel in the
foreground marked by an esker ridge. Commercial extraction to the right has begun
to destroy a pristine landscape. Note that the subdued gravel topography in the
foreground is overlain by blanket bog and a rich flora.
(Photo by Marshall McCabe)

extensively deformed. It is likely,
therefore, that this particular glacial
sand and gravel landscape is of
complex origin, with the morainic
ridge pre-g,t:ing drurnlinisation and
much of the topography owing its
present form to glaciofluvial erosion.
The Ballykelly moraine, at the
northern exit of the Dungiven
depression, is associated with a Late
Devensian ice advance from western
Scotland and, probably, is associated
with a major surge event. The latter
points to very rapid environmental
changes along the margins of the

Satellite image of western Ulster showing intricate drumlin and ribbed landscapes
associated with westerly ice flow into Donegal Bay. The areas of water clearly visible
to the east of Donegal Bay are Lough Derg, in the north, and Lower Lough Erne, to
the south. (Photo courtesy of ERA - MAPTEC)
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Cross-valley moraines
An intricate system of cross-valley
moraines occupies an area of some
600 square kilometres in the foothills
of the eastern Sperrin Mountains,
across the Pomeroy, Ballinderry and
Moyola valleys. They mark the
western limit of the Lough Neagh
drumlin field and were formed as ice
marginal lake deltas from meltwater
streams (Dardis, 1985). Dardis has
suggested that the deltaic deposits
here are superimposed on an older
series of glaciofluvial sediments that
were deposited by generally north
flowing meltwater. A similar two
stage origin would also explain the
complex ridge morphology at
Evishanornan (Charlesworth, 1924;
Gregory, 1925).

Esker systems

Morainal banks
These occur exclusively in south
east County Down and consist of
aprons of hummocky relief in front
of drumlin swarms (McCabe et al.,
1984). They were formed, at the
same time as the dnunlins were
moulded, by sediment-laden streams

decaying ice sheet. Major
stratigraphic sequences, such as those
in east Yorkshire and in the western
North Sea basin, probably relate to
repeated events on this scale.

Flat topped f1uvioglaclal delta, Murnee Hills, County Londonderry. Note that the
original proto-delta slope and flat delta top are intact.
(Photo by Marshall McCabe)

Short (less than 1 kilometre) and
generally anastomosing esker-like
ridges are well known from a variety
of subglacial complexes and provide
important evidence for patterns of
local sedimentation and deglacial
events. The largest system known
occurs along the axis of the Clogher
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consist mainly of rhythmites, but
again their environmental significance
is poorly understood.

encroachment of the Devensian late
glacial sea into otherwise low lying
areas. Finally, the moraine is an
integral part of the sedimentary
system which supplied debris to
glaciomarine environments around
Derroge and Kilkeel (McCabe,
1985).

Ice contact lobate
moraines

Destruction of the inner part of the Murnee Hills delta. (Photo by Marshall McCabe)

valley and eventually merges into a
delta moraine system at Doneen,
near Lisnaskea. The esker system
was probably deposited by south
westward moving subglacial
meltwater as ice withdrew from the
Lough Erne basin.

Hummocky moraines
Discontinuous zones of hummocky
moraine occur along the flanks of
mountain valleys, especially in the
north west of the province and in the
foothills of the Sperrin Mountains.
Although their ice contact origin is
not in doubt, their sedimentological
and environm-ental. significance is,
and herein lies their importance and
potential for future explanation and
modelling of Late Pleistocene events.
Probably the best examples occur
around Doagh and along the east
side of the Foyle at Gransha. The
latter includes a series of large kettle
holes around Lough Enagh. From
here, a well defined glaciofluvial
terrace system extends on both sides
of the River Faughan around
Maydown. The landform association
indicates a southerly ice withdrawal
along the Foyle towards a centre of
ice dispersal in the Omagh basin.

Valley moraines and
associated outwash and
deltaic complexes
Colhoun (1972) recorded thick
stratified drift sequences in the
valleys which drain the Sperrin
Mountains. His model of ice
wastage involves a phased withdrawal
of ice, generally southward along
valleys and through high cols,
towards lowland centres of ice
dispersion in Lough Neagh, central
Tyrone and the Omagh basin.
These ice-marginal systems provide
an impressive range of
intricate landforms,
although little is known
about their precise
mode(s) of formation.

-

Lateral moraines
Zones of stratified hummocky
moraine and more subdued spreads
are common along many mountain
slopes. They provide important
evidence for determining local ice
sheet thicknesses and slopes.

~

Efflux deltas
These are not the classic Gilbert
type deltas; their steeply dipping
foresets and geometry are best
explained by deposition in a range of
water levels, and by a rapid retreat of
ice and extremely high inputs of
sediment. Ponded water in the
north-facing Faughan depression,

Glaciofluvial deltas
Coarse grained deltaic features are
well developed in the north western
parts of the province (Colhoun,
1972). Their presence points to
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Extensive spreads of
outwash are rare. A fine
example at the Maize, near
Lisburn, is associated with
progressive ice decay
towards the Lough N eagh
basin. Other dissected
spreads of ounvash, such
as the Malone sands,

extensive zones of ponded water
during deglacial phases. Although
the significance of their regional
patterns is largely unknown, they
form an important landscape
element.

Glaclomarm8 Fans/A.prons

v

Glaciofluvial
outwash

Rhythmically bedded shallow marine sands and muds showing wave
influence, Port Ballintrae, County Antrim. The sequence consists of
fourteen 'packages', each consisting of a sand unit draped by mud. Well
defined sharp crested wave ripples occur at the top of each sand unit
and are perfectly preserved. Each package represents a discrete storm
event, with the onset of storms generating sandy suspension clouds,
followed by storm abatement, variable wave agitation and formation of
the laminated mud drape. Occasional dropstones are associated with ice
rafting. The sequence is Late Devensian late glacial in age and occurs
between glacigenic diamict and overlying raised beach gravels. The
evidence for wave action in deposits of this type is believed to be unique
in the British Isles.
(Photo by Marshal! McCabe)

20

Although these features are not
particularly well developed in the
province, a large scale example
occurs at Cranfield, in County
Down. Here it marks the limit of a
large ice lobe which was once centred
in the region of the present
Carlingford Lough. The moraine
consists of a set of arcuate ridges
which grade, away from the former
ice lobe, into a spread of sands and
stratified diamicts deposited
subaqueously (McCabe, 1985). The
Cranfield moraine has a four-fold
importance. First, it bears witness to
a major southerly regional flux of
sediment during drurnlinisation of the
lowlands. Second, it provides a clear
indication of the phased withdrawal
. of ice as the once composite Irish Sea
glacier retreated and separated into
individual ice streams. This wastage
appears to have been largely
unrelated to changing climatic
conditions. Third, the moraine, and
the ice associated with it, exerted an
important influence by preventing the

Arguably, the best example occurs at
Bloody Bridge, County Down. Here
the moraine has been used to trace
the lateral margin of the decaying
Late Devensian Irish Sea glacier
around the eastern flanks of the
Mourne Mountains. Blockfields
above and beyond this ice limit
provide a graphic topographic
contrast.
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County Londonderry, combined with
southerly ice retreat, may have
provided ideal conditions for these
unusual deltaic sequences to
accumulate.

Marine deltas
Two distinct types of delta, related
to different glacially controlled sea
levels, occur on the north coast. The
Carey Valley Delta, at 100 metres
OD, consists of coarse ice contact
sediments and re-worked poorly
sorted deposits, overlain by
characteristic delta foreset and topset
beds (Eyles & McCabe, 1989). In
contrast, the extensive extra-glacial
(not in contact with the ice) delta at
Limavady occurs at 30 metres OD
and is composed predominantly of
low angle cross bedded sands and
pebbly gravels.

Late glacial beach and
shallow marine sequences
The wide range of raised beach
sands and gravels found along much
of the coastline reflects the complex
interplay between ice and changing
land and sea levels during the Late
Devensian. Extensive raised beach
sediments occur along the coast of
County Down, where they frequently
truncate glaciomarine sequences. At
Port Ballintrae~ County Antrim,
shallow marine deposits containing a
sequence of rhythmically bedded
sands and muds with wave ripples
are well exposed. Such sequences
hold the key to determining the
nature and timing of Devensian late
glacial events in the coastal zone and,
in particular, for establishing ancient
wave climates.

Conservation of
the resource
The diversity of sand and gravel
landscapes is clear and their scientific
categorisation (above) provides a
useful basis for evaluation with a view
to site selection and conservation.
However, arguments surrounding the
need for conservation will, inevitably,
involve an amalgam of judgements,
including aesthetic, educational and
economic, as well as scientific
considerations.
Although the categorisation
provides a framework for site and
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landscape evaluation, it is a first
approximation. In reality, the
scientific understanding of the sand
and gravel resources of Northern
Ireland is still poor. The significance
of what is being destroyed by
exploitation is not always known or is
not readily available from an existing
data bank. Most of the existing
geological records are, at best,
subjective statements made without a
secure sedimentological
understanding. This makes it
difficult to evaluate the full scientific
significance of many landscapes and
sequences.
However, it is vital that key parts
of the resource are conserved. New
hypotheses need to be tested and old
ones revised as scientific
methodology is updated. More
importantly, as goals of science
change rapidly, we must conserve
our field evidence to meet these
needs. For example, a few decades
ago, regional stratigraphy and
correlation were considered
important, whereas current thought
on ice sheet history to a large extent
focuses on sedimentary modelling,
rapid environmental change and
relationships to global climatic
oscillations and causative
mechanisms. Some of the sequences
in the province have already provided
critical data, both on a British and
international scale, on how ice sheets
waste and disintegrate (McCabe et
al., 1984). The environmental
significance of many other sequences
remains an enigma and must await
detailed seclimentological and
chronological assessments.

Conclusions
The sand and gravel resources of
Northern Ireland are a natural
laboratory which provides the basis
for reconstructing Late Pleistocene
events in the western British Isles on
an unprecedented scale. Although
many sequences and features remain
poorly understood, it is becoming
increasingly clear that they bear
witness to a period of exceptionally
rapid environmental changes,
influenced by a range of climatic, sea
level and glaciological factors. To
establish a firm scientific basis for
conservation, it is necessary to
understand the origins of individual
landforms, their relationship to other

landforms and sediments and,
thereby, their environmental
significance. It is likely that
conservation will be necessary at a
variety of scales, from the individual
landform or exposure, to complex
landforms and sediment associations
which are necessary to explain
patterns of deglaciation on a regional
scale. It is already clear that certain
sand and gravel landscapes of
Northern Ireland provide critical
evidence for modelling Late
Pleistocene deglacial events on a
basin-wide and, indeed, Britain-wide
scale. These landscapes hold the key
to understanding how the last great
British ice sheet wasted and, in
particular, for determining whether
its disintegration was caused by
climatic or other factors . •
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Scotlan 's earliest geologists?
Prehistoric flint quarrying at Den of Boddam
David Bridg~and, University of Durham, and Alan Saville, National Museums of Scotland
. t is generally scarce in
Scotland. Consequently,
prehistoric tool-makers were
forced to use other materials for many
of their needs and to make full use of
even the smallest pieces of flint
occurring as pebbles within beach
deposits and tills. The only area of
Scotland where any appreciable,
accessible quantity of flint exists is in
Buchan, where a flinty deposit, the
Buchan Ridge Gravel, occurs as a
series of outliers capping high ground
between Whitestone Hill and Boddam,
near Peterhead. This deposit consists
of mainly well rounded pebbles and
cobbles of resistant rocks set in a
matrix of stiff clay, silt, and sand.
Incorporated in this matrix are
thoroughly weathered 'ghost' clasts of
less durable rocks.
Analyses of the matrix of the
Buchan Ridge Gravel have shown that
it contains a high proportion of
kaolinite, a clay mineral formed by the
decomposition of feldspar.
Kaolinization of feldspar is knO\'lIl to
have affected the local Peterhead
Granite, producing deep-weathered
profiles reminiscent of those on
Dartmoor. The same process is
thought to be responsible for the
weathering of the 'ghost' clasts in the
Buchan Ridge Gravel and is
considered to require very long
periods of stable conditions. Such
kaolinized profiles have frequently
been attributed to Tertiary rather than
(or in addition to) Quaternary
weathering, and this has led to the
conclusion that the Buchan Ridge
Gravel is of pre-Pleistocene age (Hall,
1993).
The highly rounded shape of the
clasts, coupled with the incidence of
chatter-marks on their surfaces, has
led many workers since the mid-19
Century to conclude that the Buchan
Ridge Gravel is an ancient beach
deposit (McMillan & Merritt, 1980).
Others have suggested that it is the
product of glacial deposition, the
kaolinized debris perhaps having been

transported by ice in an already
weathered state (Kesel & Gemmell,
1981). The considerable angularity of
sand-sized quartz grains has been
cited in support of a glacial origin,
since this indicates minimal exposure
to an aqueous environment. It is
difficult, however, to reconcile the
occurrence of 'ghost' clasts with this
view, since these would have been
disrupted during glacial transport.
The degradation of non-durable rocks
within the gravel may, indeed, have
provided most of the matrix in which
the durable clasts are now set. Flint
cobbles from the Buchan Ridge
Gravel were exploited during
prehistoric times for the manufacture
of small tools and weapons, such as
knives and arrowheads. Few traces of
former extr~ction are knO\v,n, but at
one 10ca1i~ Den of Boddam, a
remarkable complex of prehistoric
quarries has left a cratered landscape
comparable to a World War Two
battlefield. Den of Boddam is a steep
sided stream valley, probably formed
by glacial meltwater. Quarrying also
took place on the more level ground

away from the valley but, in contrast
to the steep sides of the Den, all

surface expression of the former pits
has been lost due to subsequent
agriculture.
During preliminary excavations
carried out by the National Museums
of Scotland in 1991, the following
geological sequence was recognized in
a cleaned and extended section in a
drainage channel on the western side
of the Den (Saville & Bridgland,
1992):
4. Soil (podzol)
3. Red-brown till, containing fresh
granite and brown flint cobbles
with black surface staining
(as well as some grey flint of the
type occurring in 1, below); the till
has a preferred orientation (fabric)
indicative of west south west-east
north east ice movement
2. Remobilized Buchan Ridge Gravel
(deformation till), with occasional
inclusions from 3, above
1. Buchan Ridge Gravel, comprising
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An artist's impression of the scene at Den of Boddam when flint extraction was in
progress. (Drawn by Alan Braby)
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flint (mostly grey) and quartzite
cobbles in a variable matrix of
white clay, silt, and sand; randomly
oriented 'ghost' clasts of both
igneous and sedimentary rocks are
present.
This sequence has now been
recorded on the higher ground on
both sides of the Den of Boddam
valley, but it is much disrupted by the
prehistoric quarrying for flint,
especially on and near the valley sides,
where the till is thinner.

its immediate area
•

,To provide background
information for the
assessment of the
archaeology at the site,
particularly to answer
questions about geological
influences on prehistoric
quarrying activities.

-
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Methods employed

Geological mapping of the
area around the site yielded
evidence for prehistoric
Investigations during
quarrying activity. The latter
1992 and 1993
is, in fact, a valuable
Geological investigations carried out
indication of the extent of the
at Den of Boddam during the 1992
Buchan Ridge Gravel outcrop.
and 1993 field seasons had several
Geological test pits in various
aims:
parts of the site were recorded
and sampled for furure
• To investigate and assess the
analysis, and geological
narure, variability, age and origins
Temporary section exposed in 1991. The
records were also made
of the Buchan Ridge Gravel at the
horizontal scale, in 100 millimetre divisions, rests
during archaeological
site
on the surface of the white Buchan Ridge Gravel,
excavation.
which is overlain in the section by till. This plinth
• To elucidate the Tertiary/
of undug natural stratigraphy is disturbed on all
One of the test pits was
Quaternary stratigraphy of the site
sides by prehistoric pit-digging. The upright scale
subsequently enlarged and
is in 0.5 metre divisions.
and its immediate area
provided an unparalleled
(Photo courtesy of National Museums of Scotland)
opportunity for examining the
• To determine the relationship of
the Tertiary/Quaternary geology to
enigmatic Buchan Ridge
flint represents clasts that have been
the geomorphology of the site and
Gravel in more detail. Many of the
shattered in situ (after deposition).
important fearures of the
Similarly, much or all of the angular
deposit were only
quartz occurs as crystals or grains
discernible after lengthy
liberated from cobbles of various
and careful study, when
coarse grained rocks that have
the material was
disintegrated in situ. This is important
dismantled stone by stone
knowledge that could not have been
during fabric analysis and
determined from borehole data, nor,
the sampling of soft
probably, from the rapid recording of
'ghost' clasts.
temporary exposures, and it counts
against a glacial origin for the gravel.
Results
The existence of a further set of
Quaternary
deposits was discovered
The aims of the project
during
1992.
These underlie the floor
have not yet all been
of
the
valley,
beneath
peat and slope
fulfilled and, in addition to
deposits.
They
comprise
sandy till,
the laboratory work
laminated
silty
deposits
of
possible
required on samples
lacustrine
origin,
and
a
sandy
gravel
already obtained, some
that
appears
rich
in
Old
Red
further test pits are
Sandstone material, as well as
proposed. However, some
containing clasts reworked from the
points can be made.
Buchan Ridge Gravel. Early
It is evident that
indications suggest that these deposits
textures attributable to
differ in a number of ways from the
bedding survive in the
red-brown till observed on the higher
Buchan Ridge Gravel,
ground and that they were laid down
supporting its
as a result of a separate later
interpretation as a
glaciation. The valley appears to be
waterlain deposit of either
cut through the red-brown till, so its
fluviatile or marine origin.
One of the prehistoric quarry pits excavated in 1992,
formation may post-date the latter,
It was noted that much (if
with a JCB clearing spoil from its base.
although
clearly pre-dating the
not
all)
of
the
very
angular
(Photo courtesy of National Museums of Scotland)
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Den of Boddam site map. The toned areas represent the extent of quarry pits visible
as surface hollows. Inset is the location map for the Buchan Ridge Gravel (solid
black) - the dotted line encloses the general area in which flint is a common surface
find (after Kesel & Gemmell, 1981).

lacustrine sediments and gravel that
occupy its floor.
Despite numerous mechanically
excavated pits, neither the base of the
Buchan Ridge Gravel nor its edge
have yet been exposed. However, its
margins, as suggested by geological
mapping, indicate that the sediments
occupy a substantial channel-like
fearure. This channel broadly
coincides with the meltwater channel,
and since the Buchan Ridge Gravel is
apparently very much older than the
channel, the position of the latter must
have been guided by pre-Quaternary
geology or by pre-existing topography
related to the geology.
Archaeologically, it is interesting to
speculate about the level of geological
knowledge shown by the prehistoric
people at Den of Boddam. They
djscovered that flint bearing gravel
occurred at the site and that it
contained better quality flint at depth.
They also exploited the Buchan Ridge
Gravel in areas away from the valley

itself, where it is covered by increasing
tillcknesses of till. As much as 1.7
metres of till were dug through to
reach the flint rich gravel, as shown by
backfill from a prehistoric pit clipping
the edg~ of the main geological test
pit. The limit of the pits may not
coincide with the limit of the Buchan
Ridge Gravel, hovvever, since it is
probably the increasing depth of till
cover which halted prehistoric
exploitation.

Value of the site for
geological conservation
Den of Boddam is shortly to be
scheduled by Historic Scotland as an
ancient monument. It is now known
to provide important evidence of
prehistoric flint extraction in Buchan
and the remains of the ancient
workings are still visible as surface
fearures. The site is also worthy of
conservation from a geological
viewpoint, complimenting Moss of
Cruden, the type locality of the

Buchan Ridge Gravel. Perhaps Den
of Boddam has been rather neglected
by geologists because of its low
topographical position, which might
have suggested that the gravel was
degraded or that it had moved
dovvnslope under periglacial
conditions. In fact, it probably
provides the best opportunity for the
study of in situ Buchan Ridge Gravel
in open section. The drainage
channel that was deepened during
1991 (Saville & Bridgland, 1992)
exposes Buchan Ridge Gravel withill a
metre of the modem surface. The
deposit is much more easily accessible
here than at other sites, including
Moss of Cruden, where it generally
underlies tillck till. Den of Boddam
also combines potential exposures of
Buchan Ridge Gravel with later
Quaternary and archaeological
interests.
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Conserva
from the cha/kface
"Conservation begins with
education": so the often heard, but
unattributed, phrase goes. As such,
all those involved in conservation
need to be mindful of the key role
that education plays in shaping
knowledge and appreciation of the
environment; and those working at
the chalkface (in education) should
understand that the knowledge and
attitudes that are inculcated can often
formulate an understanding of the
needs and value of conservation.
What is true for the conservation

I on
Duncan Haw/er,
Earth Science Teachers' Association

movement at large is also true for
geological conservation, perhaps even
more strikingly as students of earth
science are immediate consumers
through fieldwork activities.
The Earth Science Teachers'
Association (ESTA) has a
membership composed of a wide
range of individuals who are in some
way involved in earth science
education, ranging from primary
teachers, through university lecturers,
teacher trainers and adult educators,
to educational publishers and

suppliers. The aim of ESTA is to
encourage and support the teaching
of earth science, whether as a single
subject such as geology, or as part of
science or geography courses. ESTA
has, for a long time, supported
geological conservation in publishing
news and views through its journal,
and in encouraging conservation as
an important part of good fieldwork
practice; but this was an ad hoc,
informal arrangement.
A number of factors prompted
ESTA to formalise its commitment to
geological conservation, and to
develop an Access and Conservation
Policy. It was recognised that:
. I. An increasing number of field sites
are needed for educational
purposes as a result of the
(welcome) requirement for schools
to undertake fieldwork as part of
the National Curriculum, and
many of these sites need to be
close to schools
2. Increasing pressure is being put
on a great many sites as they
become threatened with
destruction by development
3. A number of recent moves by
some landowners have attempted
to set precedents of charging for
entry to sites at a time when
educational establishments are
under increasing financial pressure

Junior school children hunting for fossils in a disused railway cutting.
(Photo by Peter Wakely)
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4. Teachers of earth science have a
significant contribution to make to
local site conservation - they can
offer their knowledge of useful
sites, and expertise in how they
should be managed for
educational purposes, to
Regionally Important
GeologicaVgeomorphological Sites
(RIGS) groups; and they can help
their students and pupils
understand that field sites should
not be taken for granted, and help
them appreciate what they can put
into sites (in terms of practical
conservation), as well as take from
them in study

5. Cooperation and coordination is
required between organisations
with an interest in earth science if
the conservation of field sites is to
be most effective.
To address these issues, the ESTA
Fieldwork Committee prepared a
series of policy. statements which
now form the guidelines for how
ESTA should react in response to
threats to field sites, and as prompts
for proactive developments,
particularly in encouraging members
to become involved in geological

conservation.
ESTA is happy to make
representation about sites under
threat which have educational valu~
and is actively seeking to establish
contacts that will assist in this task.
Individuals and organisations able to
assist ESTA in learning about
threatened teaching sites should send
brief details of the site, including its
educational use and the possible
threat, together with an address of
the appropriate planning authority
and/or landowner to whom

representation should be made, to
John Aram, ESTA Honorary Access
and Conservation Representative,
c/o The Geological Society,
Burlington House, Piccadilly,
London WI V OJU.
Further information about how ESTA
supports earth science education and
detaz"ls of membership can be obtained
from Sheila Rodgers, ESTA
Membership Secretary, clo The
Geological Society, at the same address
as above.

Earth Science Teachers' Association (ESTA) Access and Conservation Policy
Access Policy
1. ESTA recognises that many earth science sites used for teaching fieldwork are on private land and expects
its members to obtain proper permission from the landowner/site operator before using such sites.
2. ESTA recognises that some sensitive fieldwork sites may be best managed by a quota of visitors.
3. ESTA will support the development of permit systems at sites where the landowner/site operator wishes
visiting parties to meet particular site conditions.
4. ESTA believes that educational parties should not be charged for the use of fieldwork sites unless the
landowner/site operator has provided specific facilities for earth science visitors.
Conservation Policy
1. ESTA will encourage its members to teach students and pupils about the need for the conservation of
earth science sites and will seek to influenc~the inclusion. of teaching about earth science conservation in
curriculum developments.
2. ESTA will advise its members to follow good conservation practice when supervising fieldwork and in
particular:
i. where hammering is allowed or necessary, to keep hammering to a minimum;
ii. where collecting is allowed, to encourage collection of loose material rather than in situ specimens;
.'

iii. where appropriate, the teacher to collect a set of representative samples rather than individual
students/pupils collecting samples;
iv. to encourage students/pupils to collect only what is needed with a serious purpose and properly label and
pack collected specimens;
v. to follow the country and coastal codes.
3. ESTA will encourage the development of permit systems at sensitive sites which may be damaged by
collecting, hammering, excavation, erosion or disturbance to wildlife.
4. ESTA will seek to support the protection of important fieldwork sites. ESTA will oppose any
development that will threaten the educational or scientific interest of earth science sites that are or could
be used for teaching purposes.
5. ESTA recognises that site management should be sensitive to multi-purpose use, but that, where
appropriate, sites should be managed and developed in a way that enhances their educational value.
ESTA supports and encourages the development of interpretive materials.
6. ESTA will actively seek to encourage its members to become involved in Regionally Important
Geological/geomorphological Sites (RIGS) schemes.
7. ESTA will seek to encourage its members to foster school/college/institutional involvement in the
monitoring and practical conservation of earth science sites.
8. ESTA will appoint an Access and Conservation Representative who will develop regular contact and
information exchange with other conservation bodies, particularly English Nature, Countryside Council
for Wales, Scottish Natural Heritage, National Parks, and the Geologists' Association, Geographical
Association, Geological Society and Wildlife Trusts.
Prepared by the ESTA Fieldwork Committee
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Sco
Andrew Taylor,
Scottish Natural Heritage
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oils represent a dynamic
interface between the
geosphere and biosphere,
forming as integral a part of our
natural heritage as do rocks,
landforms, plants and animals.
However, the value of the resource
and its management requirements
have so far lacked a strategic
overview from a conservation
perspective, and, in contrast to
several other countries, there is no
specific soils protection legislation in
Britain. Although a range of broader
conservation and policy measures
indirectly offer some protection to
soils, there is no overall coordination
of these as part of a single framework
for the sustainable management of
the resource.

Princioals of soil
conservation
Soils are important for three principal
reasons. Firstly, they possess certain
key properties which allow them to
be used by man for various practical
purposes. Secondly, soils are part of
our natural heritage and must be
managed to safeguard their scientific
and educational value for future
generations. Central to both of these
reasons is the concept of
sustainability - the current use soils
should not adversely affect the range
of other uses, either now or in the
future. Thirdly, soils regulate
changes arising from natural cycles
and increased pressure from human
activities. Both contribute to the
dynamic and evolving nature of soils,
but where they result in degradation,
impairment of essential processes,
reduction in productive capacity or
depletion of biological diversity, they
may be viewed as matters of concern
or as threats.
Greater general awareness of these
points is crucial to the success of any
move to manage the soils resource.
Its conservation value, in the
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soils



practices on soil processes and the
effects of overgrazing in the uplands.

current threats and the need for a
national sustainability strategy
broadest sense, is something that has
not been widely recognised in the
past.

Scottish soils - key issues
A number of key issues can be
identified which are currently
affecting Scottish soils.

highly acidic system, with poor
nutrient, water-holding and
drainage properties, which is able to
support unusual plants such as rare
orchids. Overall, there are
estimated to be about 12,000
hectares of derelict and
contaminated land in Scotland,
some of which may be of sufficient
interest to merit protection.

Acidification
Soil erosion

Acidification is a naturally
occurring process. Large areas of
Scotland have naturally acidic soils,
encouraged by a combination of high
rainfall, low temperature, free
drainage and parent materials of low
base status. However, this can be
complicated by acid deposition and,
in agricultural areas, the application
of certain types of fertiliser.
Evidence now exists for the long
term acidification of soils and surface
waters, particularly in sensitive areas.
Soil acidification can have several
possible effects on aquatic and
terrestrial ecosystems, such as
mobilisation of heavy metals,
reduction in cation exchange
capacity, accelerated mineral
weathering and changes in soil biota.

Although no comprehensive study
has been carried out into the
incidence and effects of soil erosion
.in Scotland, many site-specific or
localised investigations enable some
general conclusions to be drawn.
Active erosion of soil and superficial
deposits is occurring in many
upland areas. In the lowlands,
erosion incidents are very variable.
The proportion of agricultural land
affected is very small, despite the
increased frequency of water
erosion events over the last two
decades. Wind erosion incidents
are not increasing; areas where they
occur are well known and
appropriate controlling measures are
generally taken.

Pollution

Land use changes

The main pollutants affecting
natural soils are heavy metals and
man-made organics. There appears
to be no systematic assessment of
the effects of these on Scottish soil
quality, although much ad hoc data
is available. Soils are increasingly
becoming direct repositories for
waste materials, especially sewage
sludge, which, together with the
wider dispersal of heavy metals and
stable organic pollutants, creates an
urgent need to improve our
understanding of soil response to
pollutant inputs.
Some waste materials can act as
soils. For example, colliery waste
from deep mines tends to provide a

Land use changes related to
forestry can potentially affect soil
processes. Compaction by heavy
vehicles and increased erosion
during the first few years of
afforestation are significant here.
Freshwater acidification, thought to
be primarily a consequence of foliar
scavenging of airborne pollutants,
has been cited as a feature linked
with afforestation, although direct
evidence to support this is scarce.
A range of soils-related issues is
associated with agricultural land
use. Detailed discussion of these is
outside the scope of this article, but
they include the influence of
intensive lowland agricultural

Developing a sustainability
strategy for soils in
Scotland
Consideration now needs to be
given to the development of a
strategy for the sustainable
management of soils in Scotland.
The strategy should, as a
fundamental requirement, address the
management problems that
necessarily arise from the issues
discussed above.
Additionally, the strategy must
view soils as dynamic continuously
evolving bodies which are integral
components of the wider
environment. Soils have a major role
to play in education and research,
improving our understanding and
appreciation of Scotland's landscape
heritage. Indeed, Scotland is
important nationally and
internationally for a number of
special soil types. Soils are also
subject to change in the same way as
other parts of natural ecosystems,
and changes in their chemical and
physical properties may be reflected
in changes to animal and plant
communities. Monitoring is,
therefore, an important prerequisite
to the implementation of effective
management.
Two major events later this year
will contribute significantly to our
thinking on soils' management.
Firstly, Scottish Natural Heritage is
organising a conference, to be held
in Ayr during August, entitled 'Soils,
sustainability and the natural
heritage of Scotland'. The main
issues identified above will be
discussed and a wide range of guest
speakers will give presentations.
Further details are available from
Andrew Taylor, Scottish Natural
Heritage, Bonnington Bond, 2
Anderson Place, Edinburgh EH6
SNP.
Secondly, the Royal Commission
on Environmental Pollution is
reporting on environmental
problems associated with soils. A
higWy comprehensive and detailed
study is expected to be the outcome,
based on evidence from a wide
range of organisations in Britain. •

Readers'letters
Knowsley Inquiry
Congratulations on producing an
interesting and informative
publication. It is encouraging to see
examples of earth science
conservation actually being carried
out.
Thank you for also including a
short report on page 30 of Delph
Lane Quarry (one of lvlerseyside's
first Regionally Important
Geologicallgeomorphological Sites)
being successfully defended at a
Public Inquiry in Knowsley.
Unfortunately, there are several
misquotes within the snippet.
1. The Inspector did not refer to

the joint Countryside Advisory
Service aCAS) in his decision at
that point.
2. JCAS did not act as witness for

the appellant, but for the Local
Planning Authority.
3. It was the appellant's witness
who was quoted by the Inspector
as stating that features in the
quarry could be confusing and
Pex Hill could be regarded as a
more straightforward site for
fieldwork. In fact, JCAS
identified geological and
historical features not seen at Pex
Hill which contributed to the
Inspector reaching his decision.

Congratulations once again on Issue
1 of Earth Heritage and I look
forward to Issue 2.

Bridget Durning
Joint Countryside Advisory
Service, Merseyside

RIGS and
Natural Areas
There is no mention of Regionally
Important Geological/
geomorphological Sites (RIGS) in
Keith Duff's summary of English
Nature's new approach to
conservation based on geology,
which appeared in the first issue of

Earth Heritage.
RIGS are not understudy Sites of
Special Scientific Interest, but sites
of regional importance in their own
right. Presumably they will be
considered as such when preparing
the 'Quality Profile' and setting the
nature conservation objectives for
each Natural Area.
Reg Bunnan
Sandford, Bristol

Museums first!
I was surprised to see the article
'Recycling your old rock collection 
a belated act of earth science
conservation', by Colin MacFadyen,
in the first issue of Earth Heritage.
Colin writes at length about the
possible uses of collections without
once mentioning the word
'museum'l
Please may I appeal to all readers
to take their unwanted collections to
their local museums in the first
instance. Advice should be available
on the relevance and importance of
the specimens and whether they
would be worthy of permanent
preservation in an established
collection. Colin's uses for
unwanted specimens are perfectly
valid, but none imply the permanent
preservation of what might turn out
to be more important than the
original collector thought.
The Geological Curators Group,
whose membership leaflet was
circulated with Earth He1itage, can
provide a list of museums offering
geological services. They also
published Guidelines for the curation
of geological mate1ials, and two
members produced Geology and the
local museum: making the most of your
geological collection, available from
HMSO.
The message is, before doing
anything with your collection, seek
advice - this applies especially to
lecturers with a penchant for skips.

Michael Taylor
MuseUln and Art Gallery, Perth
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SniDpefs
Conservation research at
Derby
PaulineJones, University of Derby

The scheme to identify Regionally
Important GeologicaIJ
geomorphological Sites (RIGS) has, in
its early stages at least, been an
overwhelming success. In just three
years, the scheme has been almost
universally adopted in England and is
growing rapidly in Scotland and
Wales. How will it fare in the future
though? How effective will the
designation of RIGS prove when
planning disputes arise and who will
defend the sites? Who will take charge
of the management and promotion of
sites? Might there arise conflicts of
interest between biologists and
geologists in the management of sites
which have a shared interest? Can
volunteers who participate in the
management of wildlife sites be
persuaded to engage in geological
conservation?
It would appear that the general
public are aware of the need for
conserving wildlife and even
archaeological sites, but it is doubtful if
the same could be said for geological
sites. The word 'geology' is not widely
understood. How often is it assumed
that a geologist digs up Roman
artefacts? Education is clearly the key
to better understanding. This may
give us hope for the future, but right
now the film Jurassic Park has
captured the imagination of youngsters
and caused a revival of interest in
dinosaurs. Through this, maybe, we
have the chance to promote the wider
subject of geology.
Notwithstanding the educational
aspects, there are many issues that
need to be resolved to ensure the
continued success of geological
conservation in the voluntary sector.
Some of the questions alluded to
above are the basis of a research
project now being carried out at the
University of Derby, in association
with English Nature. I would be very
interested to hear from anyone who
has thoughts on how potential
problems with the conservation of

-
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RIGS may be averted or how best to
promote geological conservation to the
wider public. Please write to me,
Pauline Jones, at the Department of
Geology, University of Derby,
Kedleston Road, Derby DE22 1GB.

Water-main replacement
benefits conservation
Paul Dickey, Anglian Water
Services Limited

Anglian Water's water supply to
Donnington-on-Bain and the
surrounding Lincolnshire villages runs
through the Benniworth Haven
Cuttings SSSI (Site of Special
Scientific Interest). The water-main
had suffered, as far as Anglian Water
were concerned, an unacceptable
number of bursts over a relatively
short period of time, and it became
essential for emergency replacement
work to be carried out immediately to
ensure the security of supply.
As is usual with all new capital
projects undertaken by Anglian Water,
the environmental implications of the
proposed work were assessed by a
team of specialist scientists. In
addition, various e),.1:ernal conservation
organisations, including English
Nature and Lincolnshire Trust for
Nature Conservation, and the County
Archaeologist, were consulted.
These disused railway cuttings
expose rocks of Lower Cretaceous age
belonging to the Spilsby Sandstone
and Claxby Ironstone formations.
The site is famous for the rich bivalve
faunas it once yielded. These faunas
have Arctic affinities and are
comparable to assemblages from
Arctic Russia and Greenland, and
completely unlike anything from
further south in Europe.
English Nature's conservation team
in Grantham saw considerable
potential for improving the condition
of the SSSI. A site meeting between
Kevin Page of English Nature's Earth
Science Branch, the landowner, Peter
Dennis, and Anglian Water's
engineering and conservation staff was
arranged, and it was agreed that
machinery already on site could be
used to increase the exposure of the
rock faces by removing a covering of
soil and vegetation.
On 29 November 1993, two
excellent new exposures were created
and it is hoped that they will provide

Anglian Water cleaning up the degraded
exposures at Benniworth Haven Cuttings
5551. (Photo by Paul Hickey)

greater opportunities for scientific
study in the future.

Thames launch
Neil Glasser, English Nature

The latest volume in the Geological
Conservation Review (GCR) series
was launched at a special presentation
in Egham, Surrey, on 7 January 1994.
Quaternary of the Thames, by
Dr David Bridgland, is the seventh
volume to be published in the series
and the first entirely English volume
covering a Quaternary theme.
Previous Quaternary volumes include
Quaternary of Wales and Quaternary of
Scotland.

Dr Bridgland was presented with a
copy at the launch, which was held to
coincide with the Quaternary Research
Association and International
Quaternary Association annual
discussion meeting. The setting for
the event, Royal Holloway, University
of London, was particularly
appropriate for a volume concerning
the history of the River Thames, the
college being situated close to the
banks of the river. Dr Keith Duff
(English Nature) and Professor Jim
Rose (Royal Holloway) both made
brief speeches welcoming it as an
addition to the GCR series.
The volume gives details of 38 GCR
sites within the Quaternary of the
Thames network, and represents the
culmination of over ten years study in

this area by Dr Bridgland. The theme
is the Quaternary evolution of the
River Thames and its tributaries. The
network of GCR sites illustrates the
dynamic nature of the Thames during
the Quaternary - its preglacial course
through East Anglia, its blockage and
subsequent diversion by ice advancing
from the north; and its evolution to
today's familiar post-glacial course.
Evidence from terrace stratigraphy,
archaeology, palaeontology,
palynology and sedimentology are all
drawn upon to reconstruct these
changing environments. The volume
is important to all Quaternary
scientists because it details a
stratigraphical framework long and
detailed enough to allow correlation
with other European records. The
potential for correlating the deposits
of the Thames with the oxygen
isotope record from the world's
oceans is also important.
The volume is co-published by the
Joint Nature Conservation Committee
and Chapman and Hall. For further
information about this and any other
volumes in the series, contact the
Earth Science Branch, Joint Nature
Conservation Committee, Monkstone
House, City Road, Peterborough
PEl IJY.

Wrekin good guide!
Kevin Page, English Nature

The well known Ercall Quarries, in
Shropshire, are the subject of the
Geologists' Association's latest guide
(a series now numbering 48). This
excellent booklet, written by Peter
Toghill and Susan Beale, is the
culmination of several years of
negotiation with the land owner, Lord
Forester, who retains control over
access.
The guide is attractively printed in
two colours, with clear diagrams,
maps and views. The text not only
describes, but interprets, and has an
adequate selection of references.
Although billed as a Geology
Teaching Trail, the guide is certainly
not for non-geologists. It can,
however, serve as a valuable aid for
teachers, as the amount of descriptive
information leaves the reader in no
doubt about what will be seen on
visiting Ercall. Let's hope that this,
together with the Geologists'

Association's guide to the Onny
Valley, also in Shropshire, has set a
trend for the future. Geology lends
itself to interpretation in this way,
particularly as there are so many sites
offering so much potential.
But, of course, the proof of the
pudding is always in the eating, so I
look forward to trying out this new
guide myself next time I visit
Shropshire - there is simply no
substitute for geology in the field!
Reference

Toghill, P. & Beale, S. 1994. Ercall
Quarries, WTekin ATea, ShTOpshiTe.
Geologists' Association Guide No. 48,
28pp. ISBN 0-900717-47-5.

Shelter for Rifle Butts
Donald Beveridge, Hull
Geological Society

On 19 March, a project to conserve
an important geological site came to
fruition. At an informal ceremony, a
shelter constructed over the rock face
at Rifle Butts Quarry, in East
Yorkshire.J';ras declared open by Dr
Judith Bryce, President of Hull
Geological Society. Representatives
of the venture's sponsors, the
Geologists' Association, English
Nature and Yorkshire Wildlife Trust
(who also own the site), were present,
together with members of both
Yorkshire and Hull Geological
Societies.
The Quarry, a Site of Special
ScienMc Interest (SSSI), is near
Market Weighton and exposes the
unconforrnity bet\veen Upper
Cretaceous and Lower Jurassic rocks.
Sediments spanning about 80 million
years are missing.
Hull Geological Society have been
responsible for clearing and
maintaining the exposure since the
face was cut back in 1987. When a
rapid rate of deterioration was noted,
members investigated methods of
conserving the face and concluded
that a shelter would be the most
effective way of reducing water
penetration and frost damage.
Visits by interested parties and
geologists are welcomed and an
information board explains the
important features of the site. But no
hammering please.

Development plan for
Redbournbury Chalk Pit
David Curry, Hertfordshire RIGS
Advisory Group

A development plan for
Redboumbury Chalk Pit, one of
Hertfordshire's Regionally Important
Geological/geomorphological Sites
(RIGS), was launched on 22 March
at a special site meeting attended by
representatives of the owners, Leigh
Environmental, Hertfordshire RIGS
Advisory Group, St Albans District
Council, English Nature, the
Geologists' Association and The
Wildlife Trusts.
The disused chalk pit is situated 3.5
kilometres north west of St Albans
and, in terms of Chalk stratigraphy
probably represents one of the best
localities in Britain for interpretation
of the 'Top Rock'. It is potentially of
considerable value as an educational
and research site at all levels of
understanding, and contains a variety
of very important geological features
which, over the years, have been
protected from vandalism and
overcollection by being adjacent to a
waste treatment plant operated by
Leigh Environmental.
The overall objectives of the
development plan are:
• To defend the site against any
inappropria}e development and
sustain its conservation, education
and research value
• Using appropriate management
techniques, to provide a teaching
and research resource which is
accessible and safe for educational
groups and other interested parties.

Launch of Redboumbury Chalk Pit's
development plan. From left to right:
David Curry (Hertfordshire RIGS Advisory
Group/St Albans Museums), Lee
Brunning (Leigh Environmental) and Mike
Harley (English Nature).
(Photo copyright St Albans Museums)
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