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NO MORE PRINT
As part of the Government’s wide-ranging
austerity measures, Earth Heritage will cease to
be published in printed form after issue 35.
However, because Earth Heritage is an important
forum on landscape and geological
conservation, it will continue to be available to
you over the web as a pdf file.
If you have previously received the printed
version only, please note that we need your
name and email address in order to send the
pdf. Please email your details, with the words
‘Earth Heritage Subscription’ in the Subject line,
to: mail@earthheritage.org.uk
If you do not provide these details, you will still
be able to access current and back issues of the
magazine by visiting www.earthheritage.org.uk
We very much look forward to continuing to
provide you with geoconservation news via
Earth Heritage. As ever, your views on the
magazine are always welcome, as are any
suggestions for articles. Please email these to
your country Editor (details below).

Visitor centres
Knockan on the door of renewal
Knockan Crag National Nature Reserve,
21 km north of Ullapool in Scotland’s far
north-west, stands within a dramatic
landscape fashioned from ancient rocks.
The site is renowned internationally as
one of the most important sites for
understanding how the landscape of
Northern Britain was formed. It is one of
the few sites that visitors can have a
hands-on introduction to the structure of
the Moine Thrust, where older rocks lie
on top of younger rock layers.

Programme, has embarked on an
ambitious refurbishment programme to
create a new visitor welcome area,
refresh the interpretation and reﬁt the
‘Rock Room’, where novel interpretation
explains huge rock movements and
formation. The project will raise
awareness of the two pioneering
Victorian geologists, Peach and Horne,
whose studies in north-west Sutherland
helped change the way we now look at
the world.

A study in 2008 revealed that the existing
interpretation and visitor facilities, which
were innovative for their time, needed to
be refreshed to meet today’s visitor
expectations. Scottish Natural Heritage,
with the support of the Highland LEADER

The new visitor facilities at Knockan and a
renewed ‘Rock Route’ geological car trail,
will be opened in time for Easter 2011.

– Ian Mitchell
Scottish Natural Heritage

Managing Editor
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One of the imposing Norber
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Dales. They have been the
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Entrances to the Inchnadamph Bone Caves. Eroded into limestone of the Durness
Group, the caves provide the remains of animals that have lived in the area during the
last 45,000 years including, reindeer, northern lynx and polar bear. The site is a stop
on the ‘Rock Route’ geological car trail.
Photo by Lorne Gill/SNH
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Geoconservation and climate change
Your views needed to help draw up guiding principles
Natural England is proposing to develop key
guiding principles in relation to
geoconservation and climate change
adaptation. This move follows the successful
and thought provoking seminar convened by
the Geoconservation Commission of the
Geological Society of London and the UK

conservation agencies on ‘Conserving
Geodiversity in a Changing Climate’ held at
the University of Chester in June 2009.
Natural England hopes to develop these
principles in partnership with other
organisations as part of the UK Geodiversity

Action Plan. Eleanor Brown of Natural
England will be pleased to hear from anyone
interested in how geoconservation may need
to change as a result of the impacts and
opportunities that arise from climate change.
Contact Eleanor via email:
eleanor.brown@naturalengland.org.uk

Geodiversity
A conference to promote its
crucial role
Geodiversity provides the
foundation upon which plants,
animals and humans live and
interact. It is therefore
appropriate, during the
International Year of Biodiversity,
to highlight why geodiversity
matters.
In Scotland, geodiversity is an asset
of national and international
importance for interpreting past
geological processes of global
signiﬁcance, such as volcanism,
continental drift and ice ages. It is
also vital for understanding
contemporary issues such as
climate change and sea-level rise.
Traditionally, geoconservation
activities in Scotland have focused
mainly on the assessment,
management and interpretation of
statutorily protected sites.
However, geodiversity has much
wider relevance and beneﬁts. It
delivers important ecosystem
services through its inﬂuence on
landscape, habitats and species,
economic activities (including
resource security, waste
management and geotourism), and
human historical and cultural
heritage.
Understanding geodiversity is key in
climate change adaptation and in
sustainable management of the
land, river catchments and the
coast. It is also a source of
inspiration for art, sculpture, music
and literature, and provides natural
assets for recreation. Geodiversity
makes a signiﬁcant contribution to
people’s health and wellbeing.

As yet, however, this wider concept
of geodiversity is not widely
recognised beyond the
geoconservation community. This is
particularly the case within the
policy environment, where there is
a lack of integration within existing
policy, for example in relation to
development planning, ﬂood
control, coastal management,
landscape, climate change
adaptation, tourism and
greenspaces.
In order to address these issues and
to provide a platform for discussion,
a one-day conference is being
organised by Scottish Natural
Heritage, the British Geological
Survey, the Royal Scottish
Geographical Society and the British
Society for Soil Science.
Engaging with Geodiversity – Why it
Matters will be held at Our Dynamic
Earth, Edinburgh on 1 December
2010. The aim is to raise wider
awareness of the scope, values,
relevance and applications of
geodiversity within Scotland, and its
contribution to ecosystem services.
The conference will also explore
how the beneﬁts of geodiversity
might be safeguarded and delivered
through the development of a more
integrated approach within the
existing Scottish policy framework,
the emerging UK Geodiversity
Action Plan and the Scottish
Government’s Strategic Objectives.
The conference themes are:
● Geodiversity, underpinnings of
the natural and cultural heritage;
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As well as having its own intrinsic values, geodiversity makes significant
contributions to ecosystem services. These include: supporting (e.g.
habitat creation and maintenance, soil formation, hydrological cycle),
regulating (e.g. water quality, natural hazards), provisioning (e.g. minerals,
fresh water) and cultural (e.g. tourism / aesthetic, educational, sense of
place / landscape character) services. This is particularly well exemplified
by coastal beach, dune and machair systems, such as here on South Uist
where they provide a foundation for valued habitats and crofting land use,
a natural form of coast protection and assets for tourism, recreation and
inspiration.
Photo by P and A Macdonald/SNH

● Geodiversity, sustainable
management and ecosystem
services in a changing climate;
● Engaging with people geotourism, geoparks,
greenspace, geoeducation;
● Integrating geodiversity within

the national policy framework.
Further details are available on the
Royal Scottish Geographical Society
website, www.rsgs.org/

– John Gordon
Scottish Natural Heritage
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Site management plans:

Visualising the future

T

he management of a
geological Site of Special
Scientific Interest relies
heavily on the ability of its
custodians (landowners,
site advisors, local authorities, utilities,
etc.) to recognise the features of interest
and to know which techniques will be
most effective in conserving them.
Sites vary in that some of the designated
features can be complex and difficult to
conserve. Similarly, the knowledge, interest
and abilities of land managers may also
vary. Where the site is complicated, and the
land manager’s understanding of these
aspects is weak, site management may be
particularly problematic.

Dave Evans
Natural England
Although image and graphical software
packages were available, computer
limitations meant that work could be very
slow. Now, however, it is possible to record
location data and reasonable digital images
quickly and easily on many models of
mobile phone. Combine these with a GIS
package such as Map Info or ArcView and
software such as Photoshop and Illustrator
and visually rich, easily understood
management plans can be produced on
computer and printed out on a single A0
sheet.

These new-look plans have several
advantages. They maximise visual impact
and reduce the need for large amounts of
text. They can act as a focus for discussion
on-site and in the office. They are editable,
and therefore can be used as a flexible
negotiating tool. They provide clear visual
instructions to site managers and
contractors and can help get around some of
the ambiguities often associated with
written instructions. They can provide clear
objectives for different parts of a site, with
the desired outcomes clearly illustrated.
They can provide baselines for monitoring.
The eventual management plan document
may be tailored to suit the end-user. They

Great Quarry, Swindon, Wiltshire. Pictorial interpretation of the geology providing an easily
understandable basis for prioritising the management of the site.

A range of initiatives such as the Site
Management Brief (SMB) project, carried
out by English Nature during the early
1990s, had some success in overcoming this
problem. Nevertheless, partly because
SMBs did not make the final transformation
into management plans, and mainly for the
reasons noted above, difficulties in
communicating the management
requirements of sites persist, so achieving
the site conservation objectives becomes
more problematic.
Barriers to communication arise for many
reasons, but maybe the prime cause is a
failure to assess the needs of the land
manager prior to developing a management
plan. Some managers may wish to
understand the geology of the site in detail
to help them understand the objectives of
the site management plan. For others, this
level of detail may be superfluous, so a
clearly set out management prescription
may be more appropriate and effective. It is
also important that such advice and
prescriptions are tailored to the skills,
abilities and resources of the recipient.
Because many management plans are
predominantly text-heavy documents, and
sequential in structure, they can be
vulnerable to misinterpretation. But as
technology has become more accessible,
new possibilities have opened up.
At the time SMBs were produced, computer
memory was exceedingly expensive, digital
cameras hardly existed, and nor
did hand-held GPS devices.
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are portable and can be printed at any size
available from a printer. They may be
linked to other documents. They can also
help explain and interpret the geology of a
site in a manner that is more accessible to
non-geologists than the texts from
Geological Conservation Review volumes.
In the past year, these visually rich
documents have been trialled on a range of
sites with different problems and a range of
end users (site advisers, land managers,
quarry operators and Network Rail). So far,
the responses have been positive, and the
plans are being used to define clear
conservation objectives for complex sites;
help set the specifications for Conservation
Enhancement Schemes; help inform quarry
restoration plans; and provide a better
understanding of the geology of a number
of particularly complex sites where clear
evidence was required in order to bring

about changes in management.
So with all these apparent advantages, what
are the downsides? Mainly that their
original production can be time-consuming,
particularly on large complex sites (three to
four working days). Against
this, many sites are
relatively simple and
demand much less
preparation time. In every
case, a digitised visual plan
provides an at-a-glance
baseline for the site so that
the initial effort of
preparation is likely to
reduce future casework
assessment time.

management plans making use of feedback
from end-users. The other is to increase
production capacity through training others
in these digitising techniques, and this will
take place during the remainder of the year. ■

Where from here? There are
two main objectives. One is
to continue to develop

Dawlish Cliffs,
Devon.
Precise written
instructions for
controlling vegetation
cover of geological
features are almost
impossible to
produce, but a
montage gives a
clear graphic
message.
Locations within the
overall site are
shown as yellow dot
numbers and the
arrows point to
photos of current
vegetation cover and
(highlighted in bluegreen) the extent of
removal works
needed. The use of
clear photos makes
work both easy to
understand and easy
to monitor.
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Site management in England

Gravels protection extended
Barbara Silva
Natural England

N

atural England has
changed the boundaries of
the Traveller’s Rest Pit
Site of Special Scientific
Interest (SSSI) in
Cambridge to protect further exposure of
nationally important geological deposits.

The 4m-deep gravel pit that provides a
unique exposure of the fossil-rich
Observatory Gravels, deposited when the
Cambridgeshire landscape shivered in
Arctic conditions, forms part of University
Farm owned by the University of
Cambridge. The site was first recorded in
1881 and, over the last 130 years,
generations of geologists have investigated
these deposits to help unlock the secrets of
the Ice Age. The importance of Traveller’s
Rest Pit has long been recognised and when

The newly designated area of the SSSI where the Observatory Gravels are present underground.
Photo by Tim Barfield, Natural England

notified in 1955, it was amongst the earliest
geological sites to be designated as a SSSI.
Natural England staff visited the existing
site to assess the impact of plans for new
housing as part of the North West
Cambridge urban expansion plan.
A thorough survey carried out in a
collaboration between Natural England
geologists, University of Cambridge
scientists and other geological experts

revealed that there were additional areas
where the Observatory Gravels are present.
These areas will now be protected by the
new boundary of the SSSI, and part of the
original SSSI, which is not critical to the
integrity of the site, will be removed.
Recent work by geologists suggests that the
Observatory Gravels were deposited at least
350,000 years ago, and perhaps as far back
as 450,000 years ago, when the landscape
was very cold with permafrost (frozen

Re-exposu
Thames hi

T

he unique Quaternary
stratigraphy at
Hornchurch Cutting
Geological Site of
Special Scientific
Interest has been uncovered once
more, following a joint project
between Natural England and
Network Rail to manage and restore
the site.
The site, which extends for 300m along
the Romford – Upminster branch line,
behind St Andrew’s Park in
Hornchurch, north-east London, was
discovered in 1892 when construction
of the railway exposed a sequence of
deposits unique to the London area.
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One of the workers at the
newly cleared section at
Hornchurch Cutting, showing
the Thames gravels resting on
the underlying chalky tills.
Photo by Emily Dresner,
Natural England

Here, chalky till carried by ice sheets
from the north is overlain by the Orsett
Heath Gravel which was deposited by
the Thames. This discovery was a
keystone for the theory that the ice
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What lies beneath... this is the gravel from 700-800 cm below the surface. Some seams in the gravels are fossil-rich, containing specimens such as the
terrestrial snail Columella columella (inset sketch by D.Geyer, 1927) and other terrestrial and aquatic snails.
Gravels photo by Steve Boreham, University of Cambridge

ground) and wide shallow rivers, just like
Arctic environments today. The fossils in
the Observatory Gravels confirm it was a
cold, open, treeless landscape. Shells of
snails which now live in much colder
climates have been found, along with
fossils of large mammals such as horse, red
deer and possibly rhinoceros. Underneath
these icy deposits, the exciting discovery of
stone tools indicates that early humans were

re adds to
istory

also roaming the landscape at least 350,000
years ago, and potentially farther back than
that. In fact this site is the richest stone-tool
site in Cambridge.
Steve Boreham from the Department of
Geography, University of Cambridge has
also uncovered exciting new evidence at the
site for a ‘tunnel-valley’ that was created
underneath an ice sheet that once covered

Emily Dresner
Natural England

sheets forced the Thames to be diverted
from its former course across East Anglia
into the Thames Basin.

In recent years, the site’s geological
interest became obscured by encroaching
ruderal vegetation and trees.

The cutting at Hornchurch marks the most
southerly recorded point reached by the
ice sheets in the London area and provides
unique evidence that gravels of the
highest (and one of the oldest) terraces of
the lower Thames valley are younger than
the Anglian tills. The site is therefore of
considerable significance to understanding
the evolution of the River Thames and the
Thames Basin.

Clearance work has once again revealed
the cutting face following collaboration
between Natural England’s London team,
national geology specialists, Network
Rail’s environment managers and the local
maintenance team in Romford, combined
with valuable advice from a number of
academics who have worked on the site in
the past. This has enabled a further bout of
recording which will add to our existing
knowledge of the geology of the cutting
and lead to the identification of other
areas of the site to target for future
investigation.

The importance of this site in unravelling
the history of the Thames and Thames
Basin means that despite its relative
inaccessibility due to its location on an
operational railway line, it has
experienced periodic bursts of interest
since it was first described in the 1890s; in
1983 a major section was exposed, and a
further research visit took place in 1996.

Natural England and Network Rail are in
the process of agreeing a long-term
management plan which will ensure that
Hornchurch Cutting is managed
appropriately for its geological interest. ■
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the Cambridgeshire countryside during the
Anglian glaciation around 450,000 years
ago.
A planning examination held in 2008, gave
the go-ahead for the ‘North West
Cambridge’ housing development. The
proposals include 3,000 new homes, student
accommodation, academic and research
space and a local centre, along with green
infrastructure. The University of
Cambridge, which owns and currently
farms much of the land, intends to submit a
planning application for the development
later this year. As this is a very large site,
development is likely to be phased over a
long period of time. The intention is that
Traveller’s Rest Pit SSSI will be at the
centre of the main green corridor
connecting to other green networks and
wildlife habitats.
Natural England has worked closely with
the University of Cambridge to build the
natural environment. Traveller’s Rest Pit
SSSI, along with other sites across England,
provide evidence of the impact of past
climate change on the landscape, and is
important in helping us understand the
potential effects of future climate change.
The SSSI will protect these sediments for
future study, as well as offering an excellent
research facility on the doorstep of the
university. Working alongside development
planners from Cambridge has facilitated the
provision of several benefits to the local
community – not only protecting a valuable
geological resource, but also making
significant contributions to local green
infrastructure, leisure and recreation space
as well as conserving space for wildlife. ■
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Dating
the

Norber
Erratics
V

ery few visitors to the
boulders of Silurian
greywacke perched on
pedestals of Carboniferous
limestone at Norber Brow,
above Austwick village in the Yorkshire
Dales National Park, will have left
without wondering just how and when
these rocks got there.

HOW: it has been generally agreed for
many years now that the boulders were
deposited by the last glacier that crossed
these low, south-western slopes of the
Ingleborough massif. The glacier was
probably a tongue of ice that diverged from
the powerful Ribblesdale ice stream, and
passed over a low point on the SulberMoughton ridge into Crummackdale. Once
there it quarried the boulders from Silurian
outcrops on the valley side and carried them
along the hillside for about 1 km before
dumping them on the limestone.
Deposition of the boulders was in
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response to climate change and decay of the
glacier.

WHEN: this has proved to be a more
contentious issue and has previously been
‘guestimated’ by several Earth scientists
with particular interests in the rate of
limestone dissolution and development of
the pedestals on which many boulders are
perched. In the late 19th Century, ages of
6,000 and 20,000 years were proposed;
more recently ages of 10,000 to 15,000
years have been given in scientific papers.
These latter ages have been based on dates
for the timing of deglaciation and the
establishment of more temperate climatic
conditions obtained from adjacent regions.
However, direct dating of the boulders or
other materials such as loess (see Earth
Heritage 33) at Norber, has not previously
been undertaken and therefore the
guesstimates may be regarded as ‘erratic
judgements’!

With financial support from Natural
England and approval of the landowner, we
took small samples of rock from the top
surfaces of four of the Norber erratics and
obtained ages for boulder emplacement
using Cosmogenic Isotope Surface
Exposure Dating (see box for details).
Because of the chemical and physical
composition of the greywacke boulders we
used the isotope Chlorine-36.
The resulting average ages are somewhat
older than several of those quoted above
and because there are two slightly different
methods of calculating Chlorine-36
exposure ages, we have derived two
average ages, each of which has an
associated small uncertainty value of
around 8-9%. The two ages are
22,246±1,950 years and 18,011±1563
years. The age calculations take no account
of the likely variations in the rate of
Chlorine-36 production over time and
therefore the true ages may be 5-7% older.
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One of the erratic boulders at
Norber, the scale bar is 30 cm long.
Photo by Peter Wilson

Peter Wilson, Tom Lord,
Peter Vincent, Christoph
Schnabel and Klaus Wilcken
Cosmogenic Isotope
Surface Exposure Dating
Cosmogenic isotopes are produced when a rock
surface is bombarded by high-energy particles
from outer space and particles produced by
reactions in the atmosphere (primarily neutrons).
These particles (known as cosmic rays) interact
with all elements contained in the minerals of the
rock and create radioactive isotopes.
The isotopes, principally Beryllium-10 (10Be),
Aluminium-26 (26Al) and Chlorine-36 (36Cl),
accumulate in the rock over time, depending on
the half-life of the isotope, the erosion rate, the
composition of the rock and the intensity of the
cosmic rays.
The procedure for establishing cosmogenic
exposure ages involves careful field sampling and
measurement of the rock surfaces followed by a
series of chemical procedures to extract and purify
the required isotope from the samples. The
number of atoms of the isotope are counted in an
Accelerator Mass Spectrometer. For 36Cl it is also
necessary to determine the elemental composition
of the rock.
By measuring the concentration of an isotope and
knowing the rate of isotope production, it is
possible to establish how long the rock surface
has been exposed to cosmic radiation. For erratic
boulders the cosmogenic exposure age represents
the time that has elapsed since they were
deposited by the glacier.

At present it is not possible categorically
to reject either of these ages in favour of
the other.
However, wider available dating evidence
from loess deposits and cave sediments for
the timing of the last episode of extensive
glaciation in north-west Britain, indicates
that deglaciation and erratic emplacement
at Norber probably occurred 19,00018,000 years ago, rather than 23,50022,000 years ago.

would seem unlikely, therefore, that they
were transported when the last glaciation
was at its maximum extent, about 24,000
years ago. At that time ice from this part
of the Dales formed part of the flow that
reached to the West Midlands.

Valuable information

An alternative explanation is that the
Norber erratics were quarried and
deposited by a re-advance of the ice sheet
around 19,000-18,000 years ago following
its withdrawal into the Dales. The
distribution of boulders suggests that the
re-advance did not get beyond Austwick.

Knowing the age of the Norber erratics
also gives us valuable information and
raises intriguing questions about other
aspects of the local glaciation and the
character of the Dales landscape following
ice removal. For example, the greywacke
boulders extend for a very short distance
downslope of Norber Brow towards
Austwick and then terminate abruptly. It

We may also speculate why an erratic train
of greywacke boulders was not created
when the ice was at its maximum extent.
Was it because the pattern of ice flow was
different at that time? Or perhaps it was
because the greywacke inlier in
Crummackdale was not exposed and
therefore not available for erosion by ice;
maybe it was the re-advance of ice that
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stripped away the surviving beds of
limestone and began to quarry the
greywacke?
Although glacier ice seems to have left
Norber Brow 19,000-18,000 years ago,
another 4,000 years or so were to pass
before large mammals colonised the area.
Bones of brown bear from Kinsey Cave, 6
km south-east of Norber, have been
radiocarbon dated to 14,600 years ago.
This suggests that the environment
remained inhospitable to carnivorous
mammals until, as is recorded in the
Greenland ice cores, abrupt warming of
the North Atlantic climate occurred 14,700
years ago.
Finally, in the light of the cosmogenic age
for erratic emplacement, the karst
geomorphologists will need to revise their
estimates of the rate of limestone
dissolution and pedestal formation. ■
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Tracking the future of
Neil Clark
Hunterian Museum,
University of Glasgow

C

oastal exposures of palaeontological
significance are more at risk from
natural erosion than perhaps any
other type of exposure in Scotland.
The slow and steady erosion,
punctuated by episodes of rapid erosion, of these
localities can be beneficial by exposing new evidence.
However, erosion is usually considered detrimental
to preserving and conserving important structures
and fossils that eventually become lost to science. Of
these exposures, biogenic sedimentary structures –
trace fossils, such as footprints and trackways – are
at highest risk since they are often shallow surface
impressions which are easily damaged.
In terms of coastal erosion, exposures on the western
side of Scotland appear to be at most risk, as most
storms hit the UK from the Atlantic. The east of
Scotland’s more continental climate is less damaging.
However, each fossil locality has its own
vulnerability, depending on the composition of
substrate and extent of exposure. Importantly, it is
not just natural forces that are significant in terms of
trace fossil damage and loss.
Various locations around Scotland illustrate the
vulnerability of trackways in coastal exposures to
erosion, damage and loss. In the west there are the
chirotheroid footprint localities of south and west
Arran and the dinosaur trackways of northern
Trotternish on the Isle of Skye. In the east, important
localities include the Elgin footprints and the giant
eurypterid trackway of Fife (facing page).
With many of these trackway sites, geoconservation
appears to be heading towards moulding and casting
of surfaces to keep a permanent record. But a means
of producing useful empirical data for feeding into a
site management plan is lacking. The site may
benefit from consolidation, removal, moulding and
casting, or protective breakwaters. At the moment,
there is no means for recording the detailed effect of
erosion on the coastal exposures of special geological
interest.
A proper quantitative monitoring scheme is needed.
One such would be an annual high-resolution 3D
laser-scanning programme that looks at the effect of
erosion on a millimetre scale. Annual comparisons
would reveal how rapid the erosion is and where it is
most acute. Without this detailed information,
geoconservation at coastal sites is speculative. The
longer we wait, the more damage will take place, and
critical sites such as those mentioned here, will
disappear forever.
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Isochirotherium,
Arran
Triassic footprints occur on
Arran in sandstone exposures
on tidal shore platforms. The
first footprint discovery was
made at a cliff section near
Blackwaterfoot in 1993. By
2002, when the find was first
published, nearly 40 other
footprints had been discovered
on the Blackwaterfoot tidal
shore platform. Since then,
many more have turned up at a
number of coastal localities,
from Kildonan in the south of
Arran all the way to
Blackwaterfoot in the west,
bringing the total number of
footprints to over 100. These
represent the only occurrences
of this type of footprint in
Scotland, yet there has been no
attempt so far to preserve
them. At least no geo-vandals
have tried to remove the
footprint on the cliff section
which has now become a site
of pilgrimage by
undergraduate geologists
visiting the island. The welltrodden path to the footprint reveals the large
number of visitors to the site. This, and
erosion caused by the nearby stream, may
eventually cause the slab of sandstone that
contains the footprint to tumble over,
obscuring the print itself. The cliff section
footprint was moulded and cast in 2002 as a
safeguard for future generations.

Theropod dinosaur
trackway,
An Corran, Skye
Middle Jurassic dinosaur footprints
are now relatively common on the
Isle of Skye. Several hundred have
been found at various coastal
locations around the Trotternish
Peninsula as well as in Strathaird,
near Elgol. Most of the footprints
and trackways have been found on
loose slabs of carbonate, cemented
sandstone or siltstone, but a set of
over 15 large theropod footprints
was found in situ beside the old

Two trackways of
Isochirotherium on a bedding
surface within a Triassic
sedimentary sequence at
Sliddery, on the south coast of
Arran. The location of individual
footprints on the bedding plane
has been highlighted by wetting.
Photo by Neil Clark,
Hunterian Museum

slipway at An
Corran, near Staffin
at the north of the
island. The
footprints and
trackways at An
Corran are exposed
almost exclusively
during the winter
months when the
coastal platform is
battered by storms
from the north. In summer, the
exposure is covered by a two-metrethick layer of shifting sand. Access
to the footprints has become more
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Hibbertopterus trackway, Fife

the past

Vandalism and the potential of the collapse of the entire trackway of the giant
eurypterid Hibbertopterus, on the north-east coastline of Fife, provides an ongoing
conservation challenge that is being addressed in part through casting of this unique
trace fossil.

Dicynodont
trackways, Elgin
Permian footprints have
long been known about
from the Cuttie’s Hillock
Sandstone near Elgin, as
well as some coastal
exposures of the
Hopeman Sandstone not
far from Clashach Quarry.
The footprints on the
shore close to the village
of Hopeman are less at
risk from storms, thanks
to the less severe east coast climate, than from geovandalism. The trackways and footprints on the shore
were frequently used by the local primary school and
often visited by locals and geological enthusiasts. In
1996, the unthinkable happened. One of the best
footprints on the shore was vandalised. It was
methodically removed using a rock saw leaving a
rectangular hole on the surface where the footprint used
to be. At least one other footprint on the same surface
was also cut. As a result, the National Museums of
Scotland mounted an expedition to remove the
remainder of the surface for posterity. It remains at the
museum in Edinburgh as a reminder of the
thoughtlessness behind the damage caused at Hopeman.
Right is the
brutal
legacy of
the
chainsaw
theft of one
of the
Hopeman
footprints.
Photo by
Carol
Hopkins

This half-metre long Middle Jurassic dinosaur footprint
is one of several in the intertidal area at An Corran.
Photo by Neil Clark, Hunterian Museum

precarious
as a result of
the removal
of large
boulders
that acted
like
breakwaters
against the currents and storms.
This has also had an effect on the
rock that contains the footprints; it
has been visibly eroded back

towards the old slipway since the
prints were first discovered in
2002. The only thing that might be
protecting the footprints from
disappearing completely now is
the thick layer of marine algae that
has grown over the whole surface.
Luckily, a cast of the best of the
footprints was made before the
algae took over in case the tracks
should disappear due to erosion
damage.
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Dave Williams of GeoEd makes a mould of the
Hibbertopterus trackway.
Photo by Dougie Barnett, Scottish Natural Heritage

Mould creates a permanent
record of
threatened trackway
The remarkable Hibbertopterus trace fossil on the north-east
coastline of Fife presents a set of challenging conservation
issues. Thanks to voluntary conservation action by geoHeritage
Fife a permanent record has been made for use in research and
education.
At over 6 metres long and about one metre wide, the trackway
is one of the largest terrestrial trackways of a walking
arthropod to have been found anywhere. The trackway was
made around 330 million years ago by a six-legged water
scorpion, a species of Hibbertopterus (a eurypterid) and is the
only example in the UK. The eurypterid made the trackway as it
traversed a sandbar.
Regarded as one of Scotland’s most important fossil ﬁnds of
recent years, the location of the trackway, on the underside of
an inclined and jointed bed of sandstone just above high water,
means that this unique fossil is in a rather precarious position
and will in due course be lost to natural processes. Other
threats to its integrity include acts of vandalism such as the
instance of spray painting that occurred in 2006. Removing the
trackway to a safe place is being considered. However this will
only be done if the trackway is in imminent danger of collapse.
Several factors have to be considered with such an operation,
including the impact on the trackway itself, the eﬀects of its
removal on the landscape, and the stability of the sea cliﬀs
following the excavation of many tonnes of rock. Any such
removal would involve a formal planning process.
In the meantime the highly successful operation to make a cast
of the trackway and record it for posterity began in April 2010.
GeoHeritage Fife, with funding from Scottish Natural Heritage
and The Curry Fund of the Geologists’ Association,
commissioned GeoEd Ltd of Lostwithiel, Cornwall, to make the
mould. A cast was then made in the GeoEd workshops and
delivered to St Andrews University in June. Part of the cast will
be put on public display at the St Andrews University Museum
(MUSA). MUSA is open to the public and admission is free
(www.st-andrews.ac.uk/musa/ ). The ﬁnal destination of the
whole cast is still under discussion.
– Colin MacFadyen, Scottish Natural Heritage
Richard A. Batchelor, geoHeritage Fife
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Progress

on selecting geodiversity sites

I

n early 2009, the City of Edinburgh Council Planning
Department asked Lothian and Borders GeoConservation (previously called LaBRIGS) to identify Local
Geodiversity Sites in west Edinburgh to inform its
review of the Rural West Edinburgh Local Plan.

The Council wanted to ensure all potential sites were surveyed and
the geology group wanted to help promote the need to conserve the
sites and highlight their potential for education and public
enjoyment.

Mike Browne

Lothian and Borders GeoConservation
& British Geological Survey*

Angus Miller

Scottish Earth Science Education Forum

Julie Dewar

City of Edinburgh Council

* Mike Browne publishes
with the permission of the
Executive Director of the
British Geological Survey

LaBRIGS began such work in 1994 and has so far designated and
listed 15 sites in the city with the Council. Progress has been
piecemeal, relying on the knowledge and enthusiasm of a few
volunteers operating without major funding. Site auditing and action
plan work in Scotland has not had the benefit of Aggregates Levy
Sustainability Fund grants that have been so successfully operated
in England and Wales.
Edinburgh Council contracted two local geologists to undertake the
task, with Lothian & Borders GeoConservation part of the project
management team. The British Geological Survey, which provided
field laptops with GPS and mapping software, supported the site
selection and auditing work. This allowed electronic maps to be
accessed in the field, enabling site boundaries to be drawn and
giving the surveyors the ability to collect basic survey information
that could readily be transferred to digital site audit forms and
ultimately to a GIS database. As part of the project, it was also
agreed to prepare a brief draft City Geodiversity Action Plan.
A total of 27 sites was surveyed, mainly in west Edinburgh. They
included natural exposures along rivers and beaches, active quarries,
parts of the Pentland Hills Regional Park and existing SSSIs. The
opportunity was also taken to progress the designation of a few sites
in the rest of Edinburgh, including Edinburgh Castle Rock and The
Royal Mile, and the Canongate Wall at the Scottish Parliament.

The Canongate Wall of the Scottish Parliament in Edinburgh is a fantastic
showcase of Scotland's geodiversity. The sculpture is set into the
concrete wall of the Parliament, and consists of 28 stones with engraved
quotations from a range of Scottish writers, and several other larger
stone blocks. The rocks used come from across Scotland, including many
of the country's most famous rock types including Lewisian gneiss,
Clashach Sandstone and Iona Marble; many of the rocks have strong
links with industry, including granite from Aberdeenshire and Easdale
slate. The quotations even touch on the geological, including Norman
MacCaig’s A Man in Assynt: “this landscape is masterless and intractable
in any terms that are human”.
Photo by Angus Miller

For the first time in Edinburgh, the surveyors used a scoring system
(the BGS scheme) to classify site value. This included the
Geodiversity value, on a scale of 1 to 10, reflecting not just the
scientific merit of the site but
also its value to the local
community and potential for
use in education. The scoring
system allows easy

comparison of sites, so the most important can be identified and
designated. However the parameters used in scoring were quite
loosely defined, allowing subjectivity based on the knowledge and
experience of the surveyor. The Edinburgh Geodiversity Sites
Working Group was set up to review and finalise the site selection
list. This list will go to both the Lothian & Borders
GeoConservation Committee and the Edinburgh City Council
Planning Committee later in 2010 for final approval.

Geodiversity plan is integral to biodiversity blueprint
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The Local Geodiversity Action Plan (LGAP) that forms
part of the Edinburgh Biodiversity Action Plan 201015 is a ﬁrst for a Scottish city and only the second for
a local authority (West Lothian is the other; East
Dunbarton will follow shortly). The plan has two
strands. In short-term actions, it identiﬁes what is
already happening on the ground and as a result of
this project, namely the designation of local sites
and their use in community and formal education.
More strategic long-term actions are identiﬁed,
looking beyond 2010, which require more
support from the Council and many other partners.
These long-term actions include broadening the
types of sites that are designated, to include more

geomorphological features and examples of the built
heritage; a review of all existing sites including the
regular monitoring of the site condition; and
developing ways of ensuring management issues are
dealt with. In separating short-term and long-term
actions we recognise the limits of Lothian & Borders
GeoConservation as a small group with no paid staﬀ
support; many of the actions we would like to
achieve in the longer term will not happen without
more generous ﬁnancial investment in local
geodiversity. The LGAP can be downloaded from the
Lothian & Borders GeoConservation website,
www.edinburghgeolsoc.org/r_home.html
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Renaissance Apple...

W

hat do Brunelleschi, the
great architect of
Renaissance Florence,
and today’s most styleconscious corporation,
Apple Inc., have in common?
The answer is set in stone – Pietra Serena
(the beautiful stone) to be exact. This
material is much used by both Brunelleschi
and Bohlin Cywinski Jackson,
the architects who design stores
for Apple.

Mick Stanley
Geodiversity Consulting
columns of the mid-16th Century Mercato
Nuovo (straw market).
In the same century, the supply of the stone
was restricted by the De Medici, the Grand
Dukes of Tuscany and by the early 20th

Century, most quarries around Florence had
closed, but some now have other uses or are
commemorated in street names, such as the
Vicolo della Cava, a lane that once led to a
quarry above the Boboli Gardens. Cava
delle Colonne was turned into an artificial
lake in a park at the Castello di Vincigliata
by John Temple Leader in the 19th Century
and Maiano has an amphitheatre carved out
of the hillside which is now used by rockclimbers and houses a famous
restaurant - Cave di Maiano.

Apple’s stone
Where ever you go in Florence,
Pietra Serena is never far away,
and when you visit an Apple
Store you will most likely see
BCJ’s use of Pietra Serena for
cladding and interior flooring.
In Florence, Pietra Serena is
mainly used for ornament and
Pietra forte, a grey sandstone
that weathers brown and is of
similar Oligocene age, is used
for construction. Both types
outcrop around Florence and
were used in the early middle ages and
in the Renaissance, after 1400 AD, to
build palazzos, plazas, churches and
colonnades. Brunelleschi used Pietra
Serena from the east of the city in 1410
to construct the classical colonnades of
the orphanage – “Ospedale degli
Innocenti” with roundels of fine
ceramics of babies in swaddling by
Della Robbia to decorate the spandrels.
Brunelleschi cut entire column shafts
from quarries at Trassinaia, near
Vincigliata, and the columns for San
Lorenzo came from a site nearby, still
known as the Cava delle Colonne.
By the 15th Century, Vasari notes
that Michelangelo got the Pietra
Serena for the New Sacristy and
the Laurentian Library from a
quarry in the valley below Monte
Ceceri.

Pietra
Serena
used in
San Marco
church and
a window
surround
in Florence
(above, left
and below)
and as the
distinctive
neutral
flooring in
Apple
Stores
(below
right)

Apple’s architects select stone
used for stone floor tiles and wall
cladding from the Il Casone
quarry, north of Florence in the
small town of Firenzuola. Il
Casone has used the stone in
Cartier’s offices in Paris, the
Museum of Modern Art in New
York and the Piazza Verdi in
Trieste. Il Casone says that Pietra
Serena sandstone is “appealing
for its unremarkable grey,
slightly bluish colour, enlivened
by a subtle gleam coming from the palecoloured crystals it contains”. The gleaming
crystals are micas. The quarry perfectly
matches the tiles and slabs and provides up
to 500 matched tiles for the average mall
store.
BCJ “prefers a regular pattern of laying the
stone tiles without staggering any of them
and with very subtle joins in terms of
colour and thickness.” The idea is to create
a continuous plane; much the same idea as
Brunelleschi.
Apple’s selection of Pietra Serena has
helped spread awareness of the stone’s
inherent elegant beauty around the
world. ■

Flaky stone
Because Pietra Serena does not
weather well, it was normally
reserved for the interior or in
sheltered areas of buildings,
although the portico of the Uffizi
is a significant exception. Vasari
chose a variety of Pietra Serena
known as Pietra del fossato,
which was also used for the
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Points
mean
prizes!
The vast majority of those working in
geoconservation regularly find themselves
up against the same question… just how
can we get people to engage with the geodiversity that surrounds them every day of
their lives?
This issue is not unique to geoconservation;
how to bridge the perceived disconnect
between people’s lives and the environment
on which such lives depend is something
with which those working in conservation
as whole often wrestle.
Catching the interest of children, tapping
into their natural curiosity about the world
around them, is undoubtedly a key part of
the solution. It is with this aim that the
Countryside Council for Wales (CCW) has
published a series of ‘Countryside
Explorer’ booklets, aimed at primary school
children. The series covers a number of
themes and subjects, including Seashore
and Parks and Gardens. The latest is
Rocks.

The new CCW book ‘Rocks’ aims to capture
the imaginations of young readers through a
mix of vibrant graphics, clear explanations and
a series of 13 activities designed to educate
through fun. CCW has added further reader
involvement by encouraging them to collect
points for tasks and sending off for a small
prize once enough points have been won.

should hold the attention throughout. It
thankfully does not shy away from
introducing challenging words and subjects;
rather it introduces them in an accessible
and practical way, with themes repeated
throughout to reinforce concepts gently.
Important messages about safe and
responsible rock hunting and collecting are
also prominent.

The Rocks booklet provides a
comprehensive (and bilingual) introduction
to rocks, fossils, minerals and all things in
between. It aims to entertain, engage and
educate: the first of three sections provides
an introduction to the subject, from the
basics of ‘what is a rock?’ through to the
rock cycle, geological timeline,
geomorphology and the rocks of Wales.
The second section forms an ‘I Spy’ guide
to the rocks, minerals, fossils and other
features of geodiversity that can be seen in
Wales, rewarding the reader with points for
each item they manage to tick off their list.

big kids amongst us!). Again, points are
rewarded for each activity successfully
completed. Once enough points have been
collected the reader can send off for a free
prize!

The booklet culminates in a series of 13
different activities designed to educate
through fun, and more than a little mess!
From making your own erupting volcano or
geode to making a breccia biscuit cake,
there should be something in there to keep
all types of children
entertained (including those

The booklet is packed full of colour and
interesting facts, and liberally sprinkled
with rock-related jokes (“Where would you
find a fossil cow? In a moooseum!”) and
facts: “Did you know? Some minerals are
smelly: sulphur minerals smell really rotten
while arsenic minerals often smell of
garlic”. The result is a vibrant 40 pages that
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In all this is an excellent introduction to
Earth sciences, and should be successful in
its aim of increasing the awareness of, and
interest in, geodiversity not only in
children, but in their parents too.
Countryside Explorer: Rocks is available
free direct from CCW, as are the other titles
in the range; Seashore, On the Move,
Rivers, Lakes and Ponds, Parks and
Gardens and Woodlands. Phone the CCW
Enquiry Line on 0845 1306 229 for more
details.
– Gareth Owen,
Countryside Council for Wales
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Insect insights
Non-marine arthropods, in the form of the
insects, were the first animals to conquer
the airways and co-evolved with plants.
They remain one of the most important
groups today because of their role in
pollination and carrying disease.
Fossil Arthropods of Great Britain is one of
two new volumes of the encyclopaedic
Geological Conservation Review (GCR)
series published by Joint Nature
Conservation Committee.
The volumes describe the conservation
value of over 100 sites that have yielded
fossil and mineral specimens that have
helped us unravel the geological history of
the UK, and understand the evolution of its
prehistorical cargo of animals. The sites are
protected and conserved as Sites of Special
Scientific Interest and many are worldfamous for the clues that they have given us
to the ‘deep time’ history of Earth.
The study of the arthropods’ fossil record
summarised in GCR volume 35 will
enhance our understanding of the
importance of the group in thinking about
contemporary ecosystems. It shows that the
group has been – and still is - the most
abundant and diverse group of animals in
the history of life on Earth. While the
earliest arthropods diversified and
proliferated in ocean waters, some strands
evolved to play a vital role in the
colonisation of fresh waters and terrestrial
environments.

Mineralization of
England and Wales,
volume 36, describes
sites reflecting some
700 million years of
Earth history through
the wide spectrum of
mineral deposit types
in those two
countries. The rocks
host a vast range of
mineralisation
styles, many of
which provided
deposits of
economic
significance in
the past and
which were
exploited over
many centuries.
Tin and copper ores were being
smelted here perhaps as long as 4,000 years
ago at the start of the British Bronze Age,
and the availability of iron ore was an
important factor at the outset of the
‘Industrial Revolution’ that began in Britain
in the 18th Century.
Gradually, JNCC is making all of its GCR
site reports available through the JNCC
website,
www.jncc.gov.uk/default.aspx?page=2947
and will be a vast contribution to the
geological information resource, but, in
particular, a massive repository for
information about sites recognised for their

conservation value and their scientific
importance. The sites themselves represent
a heritage that has been fundamental to the
creation of the ‘Earth sciences’ and deserve
conservation to enable future research.
For more information about the books, see
the JNCC website www.jncc.gov.uk, or our
distributor’s website, www.nhbs.com, or
write to GCR Unit, JNCC, Monkstone
House, City Road, Peterborough, PE1 1JY.
– Neil Ellis,
Joint Nature Conservation Committee

Beginner’s guide to unlocking the Lake District
Lake District mountain landforms.
Peter Wilson 2010, 210 pp. £20.00.
Scotforth Books, Lancaster.
ISBN 13: 978-1904244-56-1
For anyone who visits the Lake District, in
particular for walking, and wants to
appreciate better or understand the variety,
origins and dynamics of the landforms that
together make up the Lake District – this
book is a must. Illustrated with many highquality (and some spectacular) images, the
text is very accessible and builds from a
foundation that assumes little familiarity with
geomorphology on the part of the reader. The
book covers a range of subjects associated
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with Lake District landforms, from glacial
and periglacial features and processes to
slope and fluvial processes, as well as
looking at man’s impact, providing many
examples that may be easily observed when
outside. A chapter is also dedicated to the
karst landforms present around the margins
of the Lake District.
This book is an excellent guide to the
landforms of the Lake District and also a
good introduction to the science of
geomorphology, and may encourage people
to investigate this and allied subjects further.
– Dave Evans, Natural England
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Earth Heritage magazine is published twice a year to promote
geological and landscape conservation.

In the
foreground is
a half-metrelong Middle
Jurassic
dinosaur
footprint from
which green
algae has
been carefully
removed from
the surface.
It is one of
several
footprints in
the intertidal
area at
An Corran,
near Staffin
in northern
Skye.
What is the
best way to
conserve such
valuable fossil
evidence in
the face of
the forces of
erosion? See
page 10.
Photo by
Neil Clark,
Hunterian
Museum
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