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Introduction
The Queensferry coastline has lots to offer for a field trip exploring topics in the Social Studies and Science
areas of the Curriculum for Excellence at levels 3 and 4 (lower Secondary), with particular potential for
cross-disciplinary studies, making links between the bedrock, landscape, human use of the area and the
ecology of the seashore. The area described is a coastal strip of the Firth of Forth from Queensferry
eastwards for 2.5 km to Hound Point. It is easily accessible with good coastal roads and paths. Potential
themes for a field trip include:
•

Landscape features resulting from the differential coastal erosion of varied bedrock, glaciation and
associated changes of sea level, and deposition of sand on beaches and in dunes.

•

Relationships between people and the environment. The Firth of Forth narrows at Queensferry
because there is resistant rock on both sides. It was the site of an important ferry crossing before being
bridged. It now provides a major link where road and rail transport systems converge. Ships dock at the
tanker loading terminal at Hound Point and pass to ports further up the Firth. Sewage pollution caused
the loss of rich oyster beds, and the herring fishery is long gone.

•

Use of specialised maps and geographical information systems. There is a wide variety in patterns
of human activity and physical processes.

•

Habitats, biodiversity and adaptations. Study varied habitats from tidal to woodland, each with its own
range of plants and animals. There are good examples of zonation of seaweeds and lichens on the
shore. Lots of evidence of organisms adapted to suit their environments, including lichens, different shell
forms of burrowing and attached bivalves, and underground stems and extensive roots of dune grass.

•

History, technology and engineering. How have people used this landscape in the past? Explore the
role of the Firth of Forth in the first and second World Wars, and how the Firth has been a transport route
and a barrier. How were the bridges built and why was this an ideal crossing point? Discover oil shale,
and explore how has the oil industry changed since the world's first oil refinery was established nearby in
1851?

Using this guide
This guide is written to as a resource to aid teachers in leading a field trip. It cannot be a complete package –
you'll need to do a site visit, carry out a risk assessment and choose localities and activities that are suitable
for your group and the theme that you want to explore. You might want to prepare material for pupils. The
text and figures in this guide are available as separate files from www.sesef.org.uk, where you will also find a
gpx file that can be downloaded to a handheld GPS unit to help you find the suggested localities.
We welcome feedback, ideas and examples of how you have used the guide. Contact us through the SESEF
website www.sesef.org.uk. Throughout the guide underlined words are linked to the glossary at the end.
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Strands
A field trip to Queensferry shore has many opportunities for exploring different themes across the curriculum.
You will find a wide range of suggested activities in this guide, more than could be accomplished even in a
full day. Teachers and group leaders will need to select localities and activities that form a suitable excursion,
by referring to the relevant Curriculum for Excellence outcomes here (more details on page 5), and making a
exploratory visit. We would recommend not trying to accomplish too much, and focus on forming a coherent
whole rather than just a series of localities.

Landscape
The big question ...

Why is the land
shaped this way?

Ecology
The big question ...

How has life
adapted to live in
this environment?

Society
The big question ...

How has the land
influenced
people?

Key CfE Outcome

Key CfE Outcome

Key CfE Outcome

SOC 3-07a Processes
which form and shape
landscapes

SCN 3-01a Sample and
identify living things from
different habitats

SOC 3-13a Landscapes
influence human activity

Themes to explore ...

Themes to explore ...

Themes to explore ...

• Firth of Forth, bays &
headlands
• different kinds of rock
• processes that formed
rock in the past
• glacial erosion
• raised beach

• evidence of life here in
the past
• evidence of changing
environments in the past
• sample modern
seashore environment –
shells, seaweed, lichen,
marram grass

• shape of the Firth –
narrow crossing point
• Forth Rail Bridge,
building stones
• oil shale layers, modern
transport of oil

Localities to visit ... see map, p8

Localities to visit ... see map, p8

Localities to visit ... see map, p8

1 view of surrounding area,
sandstone
2 glacial erratic, raised
beach
3 sedimentary rocks and
fossils
4, 5 igneous intrusion,
crystals
7 (if time) contact between
sedimentary and igneous
rocks, headland

2 stromatolite fossils
3 sedimentary rocks and
fossils
4 zonation on shoreline
6 marram grass, shells

1 view of surrounding area,
sandstone, bridge
column
3 sedimentary rocks and
fossils: oil shale
5 igneous intrusion, oil
transfer station
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The geological background
The rocks around the Firth of Forth record a story of changing conditions in the past. There are a variety of
sedimentary and igneous rocks, formed in different ways, and with contrasting properties that are
responsible for the shape of the surrounding landscape. The rocks date from the Carboniferous Period (359-299 million years ago), when Scotland was located close to the equator, enjoying a sub-tropical climate.
Rivers carried sediment from the high ground to the north into the Midland Valley, a subsiding basin, where
the sediment was deposited under shallow seas, and on surrounding flat muddy plains and lagoons, building
up layer upon layer as the land sank. These sedimentary rocks – mudstones, sandstones and later coal and
limestone – form the bulk of the bedrock of the Lothian area. At any one location we find a variety of
sedimentary rocks, showing that the depositional conditions changed with time – over a timescale of
thousands of years an area might change from a river delta (sandstone and mudstone), to a forested swamp
(coal) to being flooded by rising sea (limestone). Thus the Carboniferous rocks preserve a record of
changing conditions in the past, particularly related to changing sea level, and there are links with the
modern environment and changing conditions resulting in different sediment getting deposited in the Firth of
Forth in the recent past, the present and into the future.
At Queensferry, many of the sedimentary rock layers formed in a large lake, known as Lake Cadell, which
was cut off from the sea and contained diverse life, including fish, bivalve shellfish and algae. At times the
lake must have developed stagnant bottom waters where hydrocarbon-rich sediment accumulated, forming
the oil shale that produced one of Lothian's most important industries. James Young (1811-1883) built the
world’s first true oil refinery at Bathgate in 1851. The oil was extracted by heating boghead coal. When the
small coal deposit was exhausted Young found that he could use oil shale (a type of mudstone). When the
heated shale came from the retorts it was still black, but it turned red as it oxidised and can still be seen in
local bings. The industry died out in 1962. David Livingstone (1813-1873) was one of Young’s college
classmates, and Young paid for many of Livingstone’s travels in Africa. It is said that the world’s oldest petrol
station is at Newton, a short distance from Queensferry.

Figure 1: timeline

Stretching and rifting of the continental crust
accompanied the formation of the sedimentary rocks,
and this allowed magma to form and rise towards the
surface, erupting as volcanoes. Local examples
include Arthur's Seat, Burntisland/Kinghorn and in the
Bathgate Hills. Large bodies of magma also remained
trapped below ground, often intruding horizontally
through the existing rocks to form flat sheets of
crystalline igneous rock, called sills e.g. Cramond
Island, Whitehouse Point.
There is a strong contrast in the properties of the
easily eroded sedimentary rocks and the large
masses of more resistant igneous rocks; it is this
contrast between rock types that is responsible for the
varied landscape of central Scotland and the shape of
the coast of the Firth of Forth (see Figure 2), with
most hills, islands and headlands, such as Hound
Point and Whitehouse Point being made of more
resistant igneous rock.

Figure 2: Summary Geological Map. The modern
landscape results mainly from the contrast between
sedimentary and igneous rocks of the Carboniferous Period
(Extract from Simplified Geological Map of Scotland,
available from SESEF).

The minor headlands are made by layers of sedimentary rocks that are more resistant to erosion than the
adjacent mudstones: near the Forth Bridge the resistant layers are of sandstone, while the Long Rib consists
of limestones.
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Glaciation has also played a part in shaping the land. The recent glaciation ended around 11,500 years ago
as the last ice melted. The ice was moving from west to east and has excavated the less-resistant
sedimentary rocks and resulted in the development of a west-east trend to the landscape. In some places
the land has been eroded away (e.g., the crag-and-tail landform of Binny Craig near Dechmont). In other
places boulder clay has been deposited in the form of low, elongate hillocks called drumlins. Such deposition
diverted the River Almond from its previous course at Dalmeny House, so it now reaches the sea at
Cramond. Erratic boulders were also left behind when the ice melted.
One of the most visible effects of glaciation here is the formation of raised beaches. The ice had depressed
the level of the land, so when the ice melted, sea level rose to a higher level than today. Over time the land
slowly rebounded, leaving two levels of raised beach.
Processes of erosion and deposition continue along the shore. The sea is eroding headlands and sand in
some places, while elsewhere the wind deposits sand in dunes.

Links with the curriculum
Curriculum for Excellence Outcomes

How the outcomes can be addressed

SOC 3-07a Having investigated processes which
form and shape landscapes, I can explain their
impact on selected landscapes in Scotland,
Europe and beyond.
SOC 4-07a I can explain how the interaction of
physical systems shaped and continue to shape
the Earth's surface by assessing their impact on
contrasting landscape types.

Find the rock types that underlie central Scotland,
and explore the impact of physical systems such as
the rock cycle, plate tectonics and the Ice Age.

SOC 3-13a By comparing settlement and economic
activity in two contrasting landscapes, I can reach
conclusions about how landscapes influence
human activity. I can explain my findings clearly to
others.

Relationship between the shape of the land and
transport links (along the Forth and across the Forth
– bridges), sheltered anchorages. Study use of local
resources – e.g. early hunter-gatherers, oil shale.

SOC 4-10a I can develop my understanding of the
interaction between humans and the environment
by describing and assessing the impact of human
activity on an area.

Construction of bridges and tanker loading terminal.
Industry around the firth – e.g. Rosyth. Remains of
war defences: gun emplacements and look out
posts.

SCN 2-01a I can identify and classify examples of
living things, past and present, to help me
appreciate their diversity. I can relate physical and
behavioural characteristics to their survival or
extinction.
SCN 3-01a I can sample and identify living things
from different habitats to compare their
biodiversity and can suggest reasons for their
distribution.

Seashore – range of habitats from tidal to terrestrial,
including obvious zonation in lichens and seaweeds.

SCN 4-01a I understand how animal and plant
species depend on each other and how living
things are adapted for survival. I can predict the
impact of population growth and natural hazards
on biodiversity.

Survey plants and animals in seashore environment.
Discuss impact of environment change and people
on the environment – e.g. Oil spill.

Evidence of glaciation and active processes of
erosion and deposition.

Range of living things can be studied, including
marram grass, shell fish, lichens and seaweeds.

Other relevant outcomes include:
SOC 3-14a I can use a range of maps and geographical information systems to gather, interpret and
present conclusions and can locate a range of features within Scotland, UK, Europe and the wider
world.
SOC 4-14a I can use specialised maps and geographical information systems to identify patterns of
human activity and physical processes.
SOC 4-10c Having studied an economic activity, I can explain its development and assess the impact
of change within its locality and beyond. Oil (oil shale and North Sea oil), tourism, fishing, agriculture and
forestry.
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Sources of further information & support
Before taking a party in to the Dalmeny Estate (localities 4-7) you should consult the Estate factor –
www.dalmeny.co.uk, phone 0131 331 1888. The museum in the High Street, Queensferry includes
information about the bridges, oil shale industry and distilling.
For a general introduction to the geology of this area we recommend:
McAdam, D (2003), “Edinburgh & West Lothian, a landscape fashioned by geology”, Scottish Natural
Heritage, ISBN 1-85397-327-0. Available to view or download online at
http://www.snh.gov.uk/pubs/detail.asp?id=45.
Clarkson, E & Upton, B (2006), “Edinburgh Rock: the geology of Lothian”, Dunedin Academic Press, ISBN 1903765-39-0.
SESEF's Intermediate/Higher Geology Teachers' Guide gives more details about the geology of the site and
you can also consult McAdam, D & Clarkson, ENK (eds), "Lothian Geology: An excursion guide", Scottish
Academic Press, 1986 (2nd edition). ISBN 0-7073-0385-0.

Location maps, directions & local facilities

Figure 3: Location maps www.ordnancesurvey.co.uk/getamap. Image produced from Ordnance Survey's Get-a-map service.
Image reproduced with permission of Ordnance Survey and Ordnance Survey of Northern Ireland.

By Road: From Edinburgh and East Lothian take the A90 north. From the A90 follow the slip road onto the
B924, signposted South Queensferry. Continue straight on for 3.5 km to reach the Hawes Inn beneath the
Forth Bridge.
From Glasgow and the South West take the M8 east, leaving at junction 2 (M9). Follow the M9 north for 3km,
leaving at junction 1a (A8000) for South Queensferry and the Forth Road Bridge. Follow the A8000 onto the
A90, leaving the A90 for South Queensferry before the Forth Road Bridge. After exiting the A90 take the
fourth exit onto Ferry Muir road. Then take the first exit at the next roundabout. Follow Kirkliston road north
for 1 km, turning right at the very end onto High Street. Continue down High Street to the Hawes Inn beneath
the Forth Bridge.
From Fife and the North take the Forth Road Bridge south (A90), leaving the A90 at the first exit after
crossing the bridge. Take the first left onto Ferry Muir road, then the first exit at the next roundabout. Follow
Kirkliston road north for 1km, turning right at the very end onto High Street. Continue down High Street to the
Hawes Inn beneath the Forth Bridge.
There is a large car-park on the esplanade just to the west of the railway bridge. Roadside parking is also
available on Hawes Brae and in Newhalls Road at the west end of the main car-park.
By Rail: Dalmeny station is a 10 minute walk from the field area. Leave the station by the ramp down to the
car park. Turn right and walk around the lower station building. After crossing the road look for a narrow path
next to the railway embankment. Follow the path through woodland for 350 m, crossing the tarmac path.
Follow the path beneath the rail bridge, turn left and follow the wooden steps beneath the rail bridge down to
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the road. From here, follow the road left under the rail bridge and around to the Hawes Inn on the left.
Toilets: The male toilets are on the ramp down to the shore opposite the Hawes Inn. The female toilets are a
short distance west of the Hawes Inn and on the same side of the street.

Safety and conservation
SESEF's “Earth Science Outdoors – Overview” document provides generic advice about leading fieldtrips
and carrying out risk assessments. The main hazards here are slippery rock surfaces, particularly when wet,
slippery seaweed and grass and uneven surfaces, including rough ground and boulder beaches. All of the
localities along the shore can be safely accessed during mid to low tide, and there are unlikely to be
problems of getting cut off by rising tides. Tide information is available from published tide tables or online at
http://easytide.ukho.gov.uk/EasyTide/EasyTide/SelectPort.aspx.
You should follow the Scottish Fossil Code and the Scottish Outdoor Access Code, both published by
Scottish Natural Heritage. The shoreline is included in the Firth of Forth Site of Special Scientific Interest
(SSSI), notified for geological features and wildlife, and therefore should be treated carefully. Hammering of
bedrock exposures is not encouraged. Collection of loose fossils and other geological specimens is generally
ok, but you should follow the Scottish Fossil Code and exercise restraint.

Suggested pre- and post-visit classroom activities
Pre-visit
SESEF's Earth Science Outdoors: Activities for all ages guide suggests a range of activities that could be
carried out before a visit to Queensferry Shore, including simple activities to explore geological time and the
properties of different kinds of rocks.
Explore Scotland's rocks and your local rocks. Compare satellite images e.g. Google Earth with a local
geological map, which are available online from the British Geological Survey, (although probably in more
detail than you need) http://www.bgs.ac.uk/education/geology_of_britain/home.html, or use the simplified
version in “Edinburgh and West Lothian, a landscape fashioned by geology” available online at
http://www.snh.gov.uk/publications/on-line/geology/edinburgh_wlothian/map.asp.
Once the broad connection between rock type and landscape has been established, zoom in close on a
satellite image for good views of the igneous rock headlands all along the coast of the Firth of Forth.
Pupils should have some prior knowledge about biological adaptations. If activities include biological
sampling, they will need to understand the principles of sampling, and how to obtain a representative
sample. You could do this by, for example, drawing samples from batches of multi-coloured beads. Exercises
on sampling along a line or over an area can be simulated using coloured dots on large sheets of paper, with
the dots distributed both randomly and to simulate zoning.
Explore geological time and place the Carboniferous Period and the Ice Ages relative to events such
dinosaur extinction. See Earth Science Outdoors: Activities for all ages guide for some ideas.
Experiment to discover the resistance of different rock
types to erosion. This can be done using a good
quality rock file, e.g. a tile file, to scratch different
rocks held over a sheet of paper (Figure 4) – you
should find that sedimentary rocks such as sandstone
crumble more easily than igneous rocks. Or put small
samples in a strong plastic bottle and give it a good
shake. This can be done on the beach with the local
rocks, and is a good model for the work of a glacier in
scraping the bedrock.

Figure 4: the result of vigorous filing of a piece of sandstone
with a tile file for less than 30 seconds.

Post-visit
Classroom follow up is desirable to help consolidate the outdoor learning, with pupils preparing and
presenting information and results. Further study of shells will help to understand adaptations, and
experiments on the formation of raised beaches, headlands and dunes could be undertaken.
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Figure 5: Map of localities
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Suggested localities
Location 1: Forth Rail Bridge NT 1376 7839 and sandstone NT 1378 7840
The promenade next to the lifeboat station is a good place to introduce the excursion. What can you see?
Pupils will spot a range of features, both natural and man made. Perhaps the most obvious features are
related to the interaction of humans with our environment – bridge building, lifeboat station, yachts and
tankers, traffic and tourism. You can see the chimneys of the Longannet Power Station to the west. Many of
these human features are here because Queensferry is situated at an important point in the landscape,
where the estuary of the Firth of Forth is narrow. You can also spot high ground in the distance, including the
Ochils and the Trossachs area.
This is also a good place to appreciate that the varied landscape reflects the rock beneath. Hard igneous
rock underlies the high ground to the north and behind Queensferry, forms the headlands of North
Queensferry and Hound Point to the east and also creates the islands of the Firth of Forth (see Appendix 1
for background information about Inchcolm, Inchkeith and Inchmickery).
In front of you are signs of how the landscape has been moulded by ice travelling from west to east. The
igneous rock of the Inchgarvie, the island next to the centre of the Forth Rail Bridge, has survived the glacial
onslaught of successive ice ages relatively unscathed while other rocks in the Forth have been eroded away
as the ice flowed past, deepening the channel. By looking at a depth survey or an admirality chart you can
see the distinct ‘teardrop’ shape of Inchgarvie, a good example of ‘crag and tail’ morphology.
As an island at one of the narrowest points on the firth, Inchgarvie has enjoyed importance in a number of
ways over the centuries. Militarily speaking, it has great strategic value as a defensive position, guarding the
upper reaches of the estuary. This led to its fortification during several historical episodes. Later, its position
was of key importance in the construction of the Forth Rail Bridge, providing the foundations of one of the
huge cantilever sections (Figure 6). This new role served to enhance the island’s strategic value and it was
further fortified during the first and second world wars, housing a number of gun emplacements and support
structures.
Go down the slipway opposite the Hawes Inn to the base of the Forth Rail Bridge, and walk 20 m past
the bridge column to the exposed rocky headland.
The sedimentary rock layers here include harder sandstone and softer mudstone, which has been worn
away forming bays. This thick layer of sandstone forms a headland and the foundation of the south end of
the bridge. The varied rock types reflect changing conditions when the rocks were being formed, and are
typical of the rocks of the Carboniferous Period in central Scotland, formed from sediment deposited in a
river delta in south tropical latitudes. Look out for large fossil roots (Figure 7) still in their growth positions.

Figure 6: Inchgarvie provides the foundation for the central
section of the Forth Rail Bridge.

Figure 7: fossil root (Stigmaria) in sandstone

Suggested activities:
1.Use a hand lens to examine the rock. What can you see?[grains of sand] Rub the rock with your
fingers, what happens? [grains of sand rub off] Step back, what can you see? [the rock is layered with
fossils]
2. Is the rock igneous, sedimentary or metamorphic? [Sedimentary: made of sand grains, contains fossils,
shows signs of ripples and river currents, formed in flat-lying beds].
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3. Look around. What can you tell about this layer of rock compared to its neighbours? [the layer of
sandstone forms a headland, so it is harder than the other rock round about.]
4. Sample the sand and mud at different places on the beach. Students could stick samples on glue spread
on sheets of paper, to allow further study using microscopes later. What sort of sedimentary rock would
these samples form? [you should find a reduction in the size of the rock and mineral grains as you go down
the beach. Near low tide there is lots of mud, characteristic of deposition by slow sea currents in estuaries.
There are plenty of shell fragments as well, which might dissolve as the sediment gets buried, eventually
helping to cement the rock particles together.]
5.Study and draw the plant fossils. What does the size of the fossil roots suggest about the size of the plants
which once grew here? [large trees e.g. Lepidodendron which sometimes reach 30 m high.]
Walk back along the beach to the bridge column.
The bridge columns are made of blocks of
Aberdeenshire granite, laid here in about 1883.
Remarkably, the track above was built at ground
level then jacked up as the columns were raised
beneath. It is noticeable that the granite has
suffered very little weathering over more than a
century. The plaque on this column reads:
International Historic Civil Engineering Landmark
The Forth Bridge
Opened 4 March 1890
Engineers Sir John Fowler & Sir Benjamin Baker
Main Contractor Tancred & Arrol
Presented 27 August 1985 by Institution of Civil
Engineers and American Society of Civil Engineers
Figure 8: Forth Rail Bridge columns

Suggested activities:
1. Use a hand lens to examine the rock used
to build the column. Is it igneous, sedimentary
or metamorphic? [the rock is crystalline and
typical of igneous rock - granite] Why has this
rock been used to build the piers?[it is very
durable].
2. Test the granite and the white precipitate (Figure
9) with dilute hydrochloric acid. It resembles the
material which forms stalactites in limestone caves.
Suggest where this white material may have come
from.[This is Calcium Carbonate, which fizzes with
dilute hydrochloric acid. In contrast, the granite
blocks do not fizz. The precipitate may come from
blocks of sedimentary within the piers.] Does the
column consist of solid granite? [No]. Explain why
the column would be packed with stone. [As the
piers were built up they were packed with stone to
give the workmen a platform to work on.]

Figure 9: Aberdeenshire granite blocks with white precipitate
of calcium carbonate from dissolution of internal packing
stone (no, it's not the deposit of a passing sea gull!)

3. Explain why there is a small hole in each stone. [To allow the stone to be gripped by callipers as it was
lifted into place. Each stone has a hole inside and out.]
Now retrace your steps to the slipway and turn east on reaching the road. Take the lower coast road.
Alongside the road you may see evidence of littering and fly-tipping which can prompt discussion of
the ubiquitousness of plastic in the environment. After 200 m take the path which leads down to the
beach.
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Location 2: Beach, glacial erratic and igneous intrusion NT 1402 7845

Figure 10: glacial erratic boulder on foreshore

Figure 11: sill altered to 'white trap'

The beach is a good spot to spend some time exploring the varied local rocks. On your left is sandstone
similar to location 1, with a flat-topped glacial erratic lying on top (Figure 10). On the right, you will see a strip
of white rock (Figure 11), which is an altered igneous intrusion. The stromatolite fossils (see below) are at the
northern end of this headland.

Suggested activities:
Using a hand lens, examine the glacial erratic boulder (figure 10) and the rock upon which it sits. Are
the boulder and the underlying rock the same? [No, the boulder is igneous (dolerite) and the bedrock
is sedimentary (sandstone)]. How would a large boulder such as this come to be located here?
[transported by ice]. Why does the boulder have a flat face? [rubbed down as the boulder was carried
along in the base of the glacier.]
Lots of hands-on activities could be carried out here. Some suggestions from Earth Science Outdoors:
Activities for all ages include:
• Make a rock collection. Each student collects as many different kinds of rock as they can find. What
makes one rock a 'different kind' from another? How could you classify your rock collection? How do you
describe rocks – what features can you see that make them unique? Is a brick / piece of clay pipe / piece of
pottery a rock?
• What happens when you scratch a rock with a metal nail? (or a fingernail!). What can you see with a
magnifying glass? Why are some rocks good for skimming?
• Matching pebbles – pupils make a collection of specimens representing the rocks of the local area, and
write descriptions. They can then test their descriptions with other students (see Earth Science Outdoors Crawton Teachers' Guide).

Numeracy link
Measuring the dimensions of a selection of
rocks from the beach should demonstrate
that the local dolerite and sedimentary rocks
have characteristic shapes. Layered rocks
such as most sedimentary rocks tend to
make flatter beach pebbles. Non-layered
igneous and metamorphic rocks tend to be
more equidimensional, with more similar
short and long axes

Figure 12: example of measuring the ratio of the short and long
dimensions of contrasting rock types.

For each pebble, measure the short axis and the long axis and calculate the ratio (figure 12). Flat pebbles
will have a low short/long ratio. You could pool the class results, making piles of rocks with similar ratios and
perhaps find that the ratio is a good indicator of rock type, although there will always be exceptions.
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The strip of white rock (called “white trap”) is an
igneous intrusion. Liquid magma has pushed its way
into layers of sedimentary rock before solidifying to
form igneous rock. Initially, the rock would have been
dark in colour, but the original minerals were changed
to white minerals by chemicals given off by the
surrounding rocks as they were heated by the magma.
You can see that the white rock has been intruded as a
liquid because it does not form a single, confined layer,
but changes its level within the sedimentary rock and
gives off extensions which penetrate the surrounding
rock.
This rock exposure helps to demonstrate that the rocks
along the shore were not all formed at the same time,
and different processes operating at different times
give rise to rocks with contrasting properties. Unaltered
igneous rocks tend to be very tough and resistant to
erosion, forming islands and headlands.

Figure 13: Close up of the white igneous rock, splitting
into fingers.

Suggested activity:
From its relationship with the rocks above and below, how can you tell that the white rock forms an
igneous intrusion? [it changes level within the layers of sedimentary rock and splits into fingers]
At the end of the headland lumpy fossil stromatolites (Figure 14) are visible on the surface of a rock layer.
These are the growth mounds of blue-green bacteria and algae and are one of the most obvious fossils
found here. Stromatolites are a very ancient lifeform, one of the dominant lifeforms on Earth during the first
3.5 billion years of our history. Nowadays they are mostly found in highly salty lakes and lagoons, e.g. Shark
Bay in Australia.

Figure 14: stromatolites (left and right of ruler)

Figure 15: Pebbly raised beach deposits on top of
mudstone.

Carry on round the end of this small headland and into the next rocky bay. There is a cliff of mudstone.
In the corner are pebbly raised beach deposits (Figure 15) which show that the relative levels of land
and sea have changed since the end of the last Ice Age, due to following sequence of events:
1.When glaciers form, sea level falls and the weight of the ice pushes the land down.
2.When the ice melts, sea level rises faster than the land so coastal areas are flooded and beach deposits
form.
3.The slowly rising emerges from the sea back, lifting the beach deposits above present sea level.
The Statistical Account (1845) notes “In digging the foundations of houses or graves in the churchyard, seashells were found, affording evidence that the whole site of the town has been reclaimed from the sea.”
These raised beach deposits show that sea level was much higher just a few thousand years ago, a topic
that can be explored in more detail as you walk along the raised beach between locations 3 and 4.
Walk 50 m east along the beach to where the beds are steeply tilted. This is Location 3. The ridge
running out to sea is known as the 'Long Rib'.
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Location 3: Sedimentary rocks and fossils NT 1412 7846
The Long Rib is formed by two limestone beds with an intervening mudstone. The limestones (technically a
type called dolostone or dolomite) have a pale brown weathered surface because they contain a small
amount of iron (Figure 16). The varied sedimentary rocks tell us that conditions were changing as these
rocks formed – see the (see Fossil ID sheet – next page) for more information.
Search amongst the layers for leathery mudstone that
turns brown when scratched, and forms curly
shavings when cut with a knife (Figure 16). These are
oil shales, representative of the layers from which oil
was extracted in West Lothian between 1858-1962.

Figure 16: waxy oil shale shavings, the presence of
kerrogen makes this less flaky than other mudstones.

Figure 17: Mudstone (on the left) and limestone – this is the
same type of limestone that forms the Long Rib.

Fossils are not easy to find, but include plant fragments, fish scales and parts of fish (see Fossil ID sheet –
next page). Oval shapes seen in the rock face are coprolites – fossilised fish droppings. Originally, these
would have been cylindrical but they've been flattened as the rocks were compressed during burial.
The presence of one layer of marine mudstone shows that there were changes in the relative levels of land
and sea, somewhat similar to the recent sea level changes that have formed the raised beaches.

Suggested activities:
1.Search for fossils in the mudstone fragments lying on the beach. If you see fossils in the rock face
observe and draw them but do not remove them. Explain why plant fragments are most common.[plant
fragments washed into the lake during storms are easily buried and preserved. Animal carcases are
likely to be scavenged and destroyed before they have a chance of being buried and preserved.]
Explain why fossils of fish droppings are more common than fossils of fish scales or parts of fish. [one
fish produces lots of droppings!]
2.Think about why there are different types of sedimentary rock here and what the fossils tell us about the
environment when these rocks were forming.
Now retrace your steps back to the road and walk 400 m towards Long Craig Gate. Note the
information boards at the gate. On the wall of the gatehouse is the coat of arms of the Primrose family.
The motto Honi soit qui mal y pense ('Shame on whoever thinks evil of this') is that of the Order of the
Garter.

Suggested activities:
1.Draw a labelled diagram (e.g. Figure 19)
to show the form of the shore and land
surface from low tide level to a position
about 100 metres past the top of the
steep, wooded slope. Explain why the
surface of the land has this shape.[there
are two benches showing previous high
shorelines, with a line of cliffs between.
The coastline shows the result of sea level
fall since the end of the Ice Age.]

Figure 19: example labelled diagram of raised beaches

2.The upper raised beach is about 15,000 years old and associated deposits contain fossils of shells which
now live in Arctic and sub-Arctic areas. The lower raised beach is about 6,500 years old and it contains
fossils of shells which still live on the present-day shore. How has the climate of this area changed over the
last 15,000 years? [fairly rapid change from Arctic conditions to conditions similar to the present day.]
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Fossils found at Queensferry Shore – ID sheet
Many fossils have been found here, and they help to explain the environmental conditions that existed when
the rocks were forming around 340 million years ago. Most of the sediment was deposited in a large brackish
lake, Lake Cadell, which was cut off from the sea. On one occasion the sea flooded the lake and marine
fossils were deposited. These are only found in one layer, a sulphur-coated mudstone called the
Pumpherston Marine Band.
Most of the fossils here are bivalves (with two equal shells). They can be compared with modern bivalve
shells on the sea shore, see Locality 6. There are more details about the rocks and fossils found here in
SESEF's Queensferry Shore Intermediate and Higher Teachers' Guide.

Non-marine fossils: bivalve
Naiadites obesus surrounded by
minute ostracods.

Flattened fish dropping (coprolite) to the right
of the eraser, within mudstone.

Eurynotus fish, responsible for many
of the coprolites found in non-marine
mudstone.

The marine band: fossil-rich layer formed when the sea flooded Lake Cadell

A sulphur-coated mudstone layer, “the marine band”, the
only bed here that formed under the sea.

A highly mobile, carnivorous mollusc,
like a cuttlefish – Orthoceras
cylindraceum

Brachiopod: Lingula squamformis

A stationary bivalve, living on the
seabed – Aviculopecten cf.
subconoideus

A bivalve that was able to move
against the current - Sanguinolites
aff. clavatus

Figure 18: Fossils found at Queensferry Shore.
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Soon after passing the gatehouse descend to the shore. Proceed east for another 200 m, noting the
huge glacial erratic, until you see some layered rocks. This is Location 4.

Location 4: Igneous rock (intrusion); zonation in shoreline environment NT 1478
7895
The rock which makes up Whitehouse Point is part of a large sill of igneous rock – formed by the
underground intrusion of magma. This is a good place to explore the toughness of igneous rock and
appreciate how it forms this headland and the islands, and is responsible for the narrowing of the firth to
make a useful crossing point.
The first rocks seen here are layered sedimentary rocks that lie above the sill and have been heated and
changed (metamorphosed) during the cooling of the underlying igneous rock. Metamorphism has partly
recrystallised the original rock so it has become tougher and developed spots (Figure 21).
The first igneous rock met is close to the top of the sill (Figure 20). It is composed of small crystals
(described as 'fine-grained' by geologists) because the magma cooled quickly in contact with the overlying
sedimentary rocks. Rapid cooling does not allow time for large crystals to grow before the magma solidifies.

Suggested activity:
How can you tell that the sedimentary rock above has not melted when it was heated by the magma?
[original features of the sedimentary rock are still visible, such as layering, even though the rock has
been toughened.]

Figure 20: igneous rock near the top of the intrusion (sill). The
rock type is a form of dolerite, but near the top the rock is finegrained because of more rapid cooling.

Figure 21: spotted metamorphic rock formed by the
alteration of sedimentary rocks by heating.

A short distance further east the sloping rock surface provides a good site to investigate the change from the
tidal (littoral) environment, through the splash zone to the terrestrial environment (Figures 22 & 23).

Figure 22: Zonation. Going from bottom to top, brown
seaweed – green seaweed – orange and yellow lichen –
grey lichen – grass - trees
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Going up the shore, zoning of various types is evident. For example:
Seaweeds → lichens → grass and trees
Brown seaweeds → green seaweeds, and zonation within the brown seaweeds
Black and green lichens → yellow and orange lichens → grey lichens
Changes in the species of periwinkle
Salt-tolerant plants with waxy leaves → normal plants.

Figure 24: Close up of splash zone lichens: Xanthoria
(yellow), Ochrolechia (grey) and Ramalina (fruticose, centre
of image).

Figure 25: Below the high tide level. Channel wrack
seaweed, spots of black and green Verrucaria lichen, plus a
grey lichen (probably Lecanora)

Note that there are no sharp boundaries between the zones. This is a good place to appreciate adaptations
to this hostile environment.

Suggested activities:
1.Count the number of different types (species) of plants and animals within 1 m square quadrats laid
in the splash zone and below the level of high tide. Pool class results. Which area shows the greater
biodiversity? Explain why.[higher biodiversity below high tide, as it is covered by water twice daily and
many more types of organism can live in water than on bare rock exposed to air.]
2.Give two ways in which lichens are adapted to live in the splash zone and the topmost brown seaweed
(channel wrack) is adapted to live high on the shore [resistant to desiccation, extremes of salinity and
temperature.]
Continue about 500 m around Whitehouse Point, passed the trees to where two flags are visible
offshore.

Location 5: Tanker berth, coarse-grained igneous rock NT 1506 7935
This is where the pipelines to the tanker berth cross the
shore. Tankers dock here to be loaded with North Sea oil
stored at a tank farm a short distance inland. The firth is
relatively sheltered, but with water deep enough for
medium-sized tankers.
The rock is from the middle of the sill, and it is very coarsegrained because the magma in the middle of the sill cooled
very slowly. Some crystals are 15 cm long.

Suggested activities:
1.Explain why the crystals are much larger than the
crystals in the igneous rock at Location 4. [slower
cooling in the centre of the sill results in larger
crystals.]

Figure 26: Coarse-grained gabbro from the centre of
the sill, which has cooled slowly

2.Explain why this rock forms a headland.[this is a very
hard rock, more resistant to erosion than the margins of the
sill.]
Continue east to the last rock exposure at the west end of Peatdraught Bay. This is Location 6.
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Location 6: Marram grass, shells & environmental change NT 1540 7943
This is a good spot to appreciate adaptations for particular
environments and consider the consequences of
environmental change and human activities on biodiversity.
Take care not to walk too much on the sand dunes - they
are delicate structures which cannot tolerate trampling. The
dunes are fixed by marram grass, which is very well
adapted to live on coastal dunes for the following reasons:
•

It has rapidly spreading underground stems (rhizomes)
which give off leaves and extensive roots. If covered by
wind-blown sand more leaves soon reach the surface.
The leaves reduce the speed of the wind and allow
sand to accumulate.

•

It has long fibrous roots which hold the sand in place.

•

It does not require a nutrient-rich substrate in which to
grow.

•

It is resistant to water loss. The outside of the leaf has a
waterproof coating and the leaves curl to a tubular form
with the leaf pores (stomata) on the inside of the tube to
restrict evaporation of water.

•

It does not provide much nourishment so it is not eaten
by herbivores. This also means that herbivores do not
trample the dunes. (It is, however, eaten by the
caterpillar of the shore wainscot moth.)

At the far end of Peatdraught Bay fallen trees and a
concrete water tank on the beach show that in this area the
sand is being eroded by the sea. The tank was on the
beach in 1994 but at this time no trees had fallen.

Figure 27: Marram grass

Figure 28: fallen trees, the roots have been undercut
by erosion of the sand.

Over the past few thousand years there have been drastic natural changes in the climate and environment
with the advance and retreat of glaciers and change of the relative levels of land and sea. Such changes
alter communities (e.g. the upper raised beach has Arctic and sub-Arctic shells while the lower raised beach
has shells of temperate forms) and levels of biodiversity (e.g. there tends to be a greater level of biodiversity
in times when the climate is warm than in times when the climate is cold).
Human activities also cause major changes in biodiversity. For example:
Agriculture. Planting crops after clearing woodland, draining marshes, and filling ponds replaces areas of
rich biodiversity with areas where numbers of species are much reduced. Overgrazing, the use of pesticides
and herbicides, and the destruction of predators reduce species numbers still further.
Fisheries. The herring fishery was virtually destroyed by over-fishing and by dragging trawl-nets over the
sea-floor egg beds. Over-fishing of sand eels causes populations of sea birds such as puffins to fall. Pollution
by sewage caused loss of the Forth oyster beds and contamination of mussels. From time to time, sea birds
are caught in small oil spills or discharges in the Firth.
Bird harvesting. Gannets from the Bass Rock were formerly taken for food so their numbers were
drastically reduced. Pupils should realise that changing the number of one species in a food web will change
the numbers of other species. For example, reduction in gannet numbers would increase the numbers of
their prey species. Other bird and seal populations may then increase as they feed on fish formerly eaten by
gannets.

Suggested activities:
1.In a quadrat of appropriate size count the number of plant and animal species on the dunes and in
the grassland a short distance inshore. Explain any differences in biodiversity.
2.On an area of eroded dune study the underground part of the marram grass. Compare the amount of the
plant above and below the surface. Explain why marram grass is well adapted to live on moving sand dunes.
3.Walk down to the lower part of the shore. Make a collection of shells, and examine and make labelled
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drawings of structures such as ripple marks in the sand and lugworm burrows. What adaptations are
possessed by burrowing bivalves such as gapers, otter shells and razor shells? Compare the cockle shell
with the razor shell. Which is a deep burrower and which is a shallow burrower? Give two reasons for your
choice.
4. Predict the consequences of environmental change and human activities on the biodiversity of this site.
How would biodiversity be affected by: climate becoming warmer or colder; the sea becoming warmer; a
major oil spill (reaching the shore or offshore); all parts of the coast have sewerage treatment plants installed
so no sewage enters the Firth; another road bridge is built beside the present bridge?
Location 7 is the far side and most easterly part of Hound Point (Figure 29). It may be reached by
walking round the shore at low tide (on sand with some slippery rocks) or by crossing the headland to
the south.

Location 7: Hound Point rocks NT 1583 7952
Next to the sand, igneous rock is in contact
with layered sandstone (Figure 30). You can
see that the igneous rock (dolerite) is intruded
into the sandstone, rather than being a lava
flow on top of the sandstone, because it has
lifted and intruded as a wedge under a raised
sandstone block. If you go up the cleft in the
rock face you can find a body of black
mudstone, enclosed and metamorphosed by
the sill. The mudstone has lost its flakiness and
become hard and dense. The holes in the rock
are where samples have been taken to
measure the ancient magnetic properties of the
rock.

Figure 29: The base of the Hound Point sill. The rocks at the base of
the cliff are sandstone. Red box shows location of Figure 30.

Suggested activities:
1.Use a hand lens to examine the rocks
seen at beach level. Are they igneous,
sedimentary or metamorphic?
2.Make a labelled drawing of the lower part of
the rock face. How can you tell that the
igneous rock has been intruded into the
sandstone? [a block of sandstone has been
pushed up by the magma.]
Figure 30: Base of sill with block of sandstone forced up by intrusion
of magma.

Location 7 is the final location in the itinerary. Return to the start point by the coastal path – the easiest
route is to go south of the headland and follow the path back to the road.

Glossary
Part 1: Earth Science
Drumlin: An elongate, smooth, rounded hillock of boulder clay deposited and moulded by a moving ice
sheet.
Dolerite (micro-gabbro): A medium-grained igneous rock, formed when magma solidifies before it reaches
the surface.
Fossil: The remains (e.g., shells, roots) or traces (e.g., burrows, tracks) of organisms preserved in rocks.
Sometimes the organism is preserved in its original form (e.g., flies in amber) but, generally, the remains
have been modified (e.g., sea urchin preserved as flint; plant remains left as carbon ).
Ice Age: A time when major ice sheets exist upon the Earth. The last major glaciation reached its peak about
21000 years ago. At this time Scotland was completely covered by ice.
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Igneous rock: A rock formed from molten rock (magma) from deep within the Earth. If magma reaches the
surface it flows as lava from volcanoes to form rock such as basalt. Magma is gassy so volcanoes often give
off clouds of ash.
Igneous intrusion: Mass of igneous rock which has solidified before reaching the surface. A dyke is an
intrusion shaped like a wall; a sill is an intrusion which lies between layers of other rock.
Landscape: The sum total of all the landforms in an area especially where produced or modified by
geological processes. (E.g., Hawaii has a volcanic landscape; an area where ice sheets have moved over
the land would have a glacial landscape.)
Landform: A specific feature of the Earth’s solid surface (e.g., crag-and-tail; drumlin; valley).
Raised beach: An old beach now lying above present sea level. During the last Ice Age, sea level fell
because the water was locked up in ice sheets, and the weight of the ice pushed the land down. When the
Ice Age ended sea level rose quickly and the sea covered the depressed land. The land rose slowly and
pushed the sea back to its present position to leave old beaches and sea cliffs as dry land. At Queensferry
there are two raised beaches - the younger just above present sea level and the older at the top of the steep
slope which was once a sea cliff. The younger, lower raised beach (Main Postglacial) was formed about
6500 years ago when sea level was about 14 m above OD. Implements left by humans have been found on
this raised beach. The older, upper raised beach (Main Perth) was formed about 15000 years ago when sea
level was about 30 m above OD
Sedimentary rock: A rock formed at the Earth’s surface under water, air or ice. May consist of broken and
weathered material (e.g., sandstone, mudstone); organic material (e.g., coral limestone, coal); or may form
by precipitation from solution (e.g., salt deposit). Oil shale has formed from a mixture of mud and organic
matter.

Part 2: Biology
Adaptation: Structure or physiological property possessed by an organism which allows it to live in better
harmony with its environment. E.g., a shark is very well adapted for life in the sea because of its streamlined
shape, fins and gills. A dolphin is less well adapted because it has to come to the surface to breathe. A seal
is less well adapted still because it has to come ashore to breed.
Biodiversity: A measure of the variety of species in a habitat. See, also, ‘species richness’ and ‘species
diversity‘.
Bivalve: shellfish with a shell of two equal parts. Modern examples include clams and mussels. Some bury
in sediment, and others attach to rock.
Brachiopod: Shellfish with a shell of two unequal parts. Common in the Carboniferous Period, but now a
minor group that are not present in the modern Firth of Forth.
Community: All the organisms which live in a habitat.
Ecosystem: habitat plus community.
Habitat: The place where an organism lives.
Littoral zone: On the shore, the zone between high and low tide.
Sample: Small part of a population or community taken to make study of the complete population or
community manageable. Ideally, the sample should be representative; that is, all components and age
ranges of the whole group should be present in the same proportions in the sample. On the shore, a
common way to take samples is to lay frames (quadrats) along lines (transects). At Queensferry, for the
purpose of environmental monitoring, the positions of fixed transects are marked by stainless steel bolts
sunk into the rocks close to the tanker loading berth.
Species diversity: A measure of diversity in a community that includes the number and relative abundance
of species.
Species richness: The number of species in a community.
Splash zone: On the shore, the zone above high tide which is splashed by waves.
Zoning: Progressive but overlapping changes in communities and populations moving up the shore. (E.g.
red seaweeds -> brown seaweeds -> green seaweeds; flat periwinkle -> common periwinkle -> rough
periwinkle -> small periwinkle)
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Appendix 1: Further information on industry, history and the islands
Industy
The main industries associated with the Queensferry area are:
Construction. The major impact of building the railway and road bridges lies outside South and North
Queensferry because they provide communication links between South-East Scotland and the North. The
railway bridge also carries coal to the power station at Longannet.
Oil. It is said that the world’s oil industry started in West Lothian when James Young (1811 - 1883) extracted
oil from Bathgate Coal and then from oil shales. There was an oil works at Dalmeny and oil shales can be
seen on the shore a short distance east of the Forth Bridge. Mining and processing oil shale was a major
employer but now the local impact remains as bings of red, spent oil shale. A beneficial effect was that Young
produced paraffin (kerosene) which could safely be burned in lamps. Paraffin was exported to places such
as the USA and the lamps seen in prairie schooners burned paraffin from West and Midlothian. The oil shale
industry ended in 1962. North Sea oil was discovered in 1969 and it first came ashore from the Argyll Field in
1975. Now, crude oil comes south from Cruden Bay by pipeline to be treated at the Kinneil Terminal. From
here, stabilised crude oil goes to be stored at the Dalmeny tank farm a short distance from Queensferry
before being transferred to the tanker loading terminal for export mostly to EU countries.
Tourism. The iconic Forth Bridge has always been a major tourist attraction, beginning during the 1880s
when horse-drawn carriages ran regularly from Edinburgh to see the construction works. The bridge was
completed in 1890 and people have come to see it ever since. People would also have come to see the
ships because this part of the Firth was a major naval base. It was from here in 1916 that Beatty took the
Cruiser Fleet to fight at the Battle of Jutland. The navy has gone but visitors still come to see the bridges, to
enjoy the coastal walk to Cramond, to visit Dalmeny House, to watch birds, and to spend time in the
attractive town of Queensferry. The effects of tourism are local in that income is brought into the community
but the costs and environmental effects of travel lie mainly away from the area visited.
Fisheries. At one time herring fishing was the major source of winter employment in Queensferry. Herring
fishing started in1792 but from 1831 it was generally unproductive. It is interesting to note that Bo’ness
further up the Firth had a successful season in 1794-95 but after that the herring did not return. In 1869, it
was stated that 'our herring fishery is a blunder from beginning to end'. These were prophetic words because
a major sustainable resource and a huge export market were destroyed by over-fishing by about 1930. The
Firth of Forth was also a major oyster fishery. The oysters had been killed by pollution by about 1907. This is
another example of a resource being lost - this time by indirect human activity.
Agriculture and forestry. Dalmeny Estate consists of arable and grazing land with deciduous and
coniferous woodland. The local effects of agriculture and forestry lie in providing employment. The wider
effects of agriculture are in providing food for people in this and other areas. Information boards on Dalmeny
Estate are situated at Longcraig Gate.

History
Queensferry: Named after Queen Margaret wife of Malcolm Canmore (son of King Duncan who featured in
Shakespeare’s Macbeth). Margaret was born in Hungary in 1046. Her father, the Anglo-Saxon Edward the
Exile, had been sent for protection to King Stephen. In 1054, Edward was recalled to replace Edward the
Confessor. Edward died almost as soon as he reached England. Following the Norman Conquest, Margaret
and her brother Edgar Atheling took ship for the continent. Being blown off course they fetched up in Fife.
King Malcolm married her in 1070. Margaret often crossed here while travelling between Dunfermline and
Edinburgh. She died in 1093 and was canonised in 1250. St Margaret’s Chapel in Edinburgh Castle is the
oldest example of Scottish Norman architecture. The seal of Queensferry inscribed Insignia Burgi Pasagi
Reginae shows Margaret in a small ferry boat. The first steam ferry, the Queen Margaret began operating in
1821.The ship’s bell can be seen in the town museum.
The harbour and ferry works were greatly improved (1809 - 1818) by John Rennie. Rennie built Lambeth,
Waterloo, Southwark and London Bridges. He designed London Docks and improved the harbours and
dockyards at Portsmouth, Chatham and Plymouth. Rennie also constructed the Kennet and Avon Canal.
Dalmeny Estate: Home to the Earls of Rosebery. The 5th Earl, Archibald Primrose (1847 - 1929) was Prime
Minister 1894 - 95. It has been said that he was the most intelligent person ever to hold the post and,
perhaps unusually for a politician, he would complain that the government and local councils interfered too
much in people’s lives. His horses won The Derby three times (1894, 1895 and 1905) and the Scottish
football team once played in the Primrose colours of pink and yellow. Victoria and Albert went to lunch in
Dalmeny House on 3rd September, 1842. She described the estate as ‘beautiful, with trees growing down to
the sea. It commands a fine view of the Firth, the Isle of May, the Bass Rock, and of Edinburgh. The grounds
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are very extensive being hill and dale and wood. The house is quite modern; Lord Rosebery built it and it is
very pretty and comfortable.’. Queen Victoria visited again on 16th August, 1877.
Forth Bridge: Following the collapse of the Tay Bridge, the Forth Bridge was designed by John Fowler and
Benjamin Baker to withstand huge wind pressures. The contract to build was given to Messrs. Tancred, Arrol
and Company at the end of 1882 and work began in 1883 under the supervision of William Arrol. The bridge
was made from 54,000 tons of steel (mostly from Motherwell) with piers of granite from Aberdeenshire. At
times more than 5,000 men were employed and at least 57 were killed. The bridge was opened on March 4th
1890 when the Prince of Wales drove in the last (gold) rivet. This bridge is ‘the greatest single achievement
of Britain’s 19th century engineers’ and a book on engineering geology says:
Geologic conditions at the site actually made possible this great triple-cantilever design. The north
main pier is founded on dolerite … The south pier is founded on the sandstone which underlies the
thick deposit of lodgement till characteristic of this shoreline. The till extends into the Firth where it
fills the lower part of a 180m-deep preglacial gorge that exists under the centre of the channel, the
course of the ancient River Forth. This deep gorge itself might have eliminated any possibility of
such a design. Geology, however, had created Inchgarvie (dolerite) so that it provided an ideal
location for the large central foundation. It was so dimensioned that the individual piers could be
separated rather further apart than those of the other two foundations, giving the central span the
extra stability the designers wished to have. … This 2.4 km-long structure will always be an
inspiration to civil engineers, while geologists can take satisfaction from the part that geology played
in its conception, design and construction.
In addition, the design was greatly helped by the presence of steep slopes at each end of the bridge. This
meant that huge embankments were not needed to accept the track coming from the bridge. William Arrol
also built the second Tay Bridge, Tower Bridge in London, and the Middlesborough Transporter Bridge.
During World War 2 the bridge was protected by barrage balloons and anti-aircraft guns. Gun emplacements
can be seen in various places but are most obvious on Inchgarvie.
Forth Road Bridge: When the bridge was opened on 4th September 1964 it was the longest (2.5km)
suspension bridge in Europe. The Encyclopaedia Britannica says:
The Forth Road Bridge, in latitude 56ºN, the furthest north major bridge in the world and built in an
environment notorious for its high winds and storms, presented extraordinary difficulties during
erection.
The north pier is founded on the dolerite (whinstone) of the Mackintosh Rock. For the south pier excavations
had to be carried to 30m below mean sea level through, silt, gravel and boulder clay into sandstone.

Islands in the Firth of Forth
Walter Scott described the islands as ‘emeralds chased in gold’.
Inchcolm (St Columba’s Island) is close to the Fife shore south of Aberdour and about 6km from the Forth
Bridge. It is the site of Inchcolm or St Columba’s Abbey. This was an Augustinian abbey founded by
Alexander I in 1123. In Macbeth, Shakespeare, following Holinshed, calls this island St Colme’s Inch. In Act 1
of the play Macbeth and Banquo defeat the Norwegians at the Battle of Kinghorn. The defeated Sweno asks
that his slain men be buried on this holy island.
Inchkeith is about 16 km from the Forth Bridge and about 4 km south-east of Kinghorn. In 1497, James IV
sent plague smitten people here from Edinburgh ‘to remain till God provide for their health’. This was also the
site of an experiment by James “who had a dumb woman transported to the island, where, two infants were
intrusted to her care, in order to discover, by the language they should adopt, what was man’s primitive
speech … it was found that ‘they spake very good Ebrew.’”. Mind you, Robert Lindsay of Pitscottie (1500 1565) in his Chronicles of Scotland said, ‘Some say that they spoke good Hebrew; but as to myself, I know
not.’.
On 18th August 1773, Boswell and Johnson visited Inchkeith en route from Leith to Kinghorn. Thomas
Carlyle (1795 -1881) recorded seeing the graves of Russian sailors from a squadron which had wintered
here in 1799. The lighthouse was built in 1803 and the island was fortified with four 18-ton coastal defence
guns in 1881.
Inchmickery is 7.5 km from the Forth Bridge and it lies just south of the middle of the Firth. It is called
‘Battleship Island’ because it was modified during World War 1to give it the profile of a warship. It was hoped
that it would attract torpedoes from German U-Boats.
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Lothian and
Borders RIGS

If you have used this guide, we would like to hear from you! We value all comments and suggestions for
improvement, and even a quick email to let us know you've used the guide is useful to help demonstrate the
interest and demand for guides like this – please contact us through the SESEF website.
© 2009 Scottish Earth Science Education Forum. Permission is given to adapt and use this guide and
images for educational purposes only.
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Scottish Earth Science Education Forum
Earth Science Outdoors
Evaluation & Feedback Form
Thanks for using SESEF's resources, we hope you have found them interesting and
useful. We plan to revise and extend these resources and value your feedback.

(1) Which Earth Science Outdoors resource would you like to comment on in this form:
Cowie, Stonehaven
[]
Crawton, near Stonehaven
[]
St Andrews, Fife
[]
St Monans, Fife
[]
Kinghorn, Fife
[]
Queensferry Shore, Edinburgh
[]
Holyrood Park, Edinburgh [ ]
Barns Ness, East Lothian
[]
North Berwick, East Lothian [ ]
Primary Earth Science Outdoors [ ]
(2) Have you:
Read the resource, but not yet visited the site [ ]
Made a personal visit to the site
[]
Used the resource to lead a field trip
[]
If yes: Age of students [
] Number of students [
Other [ ] Please give details:

] Area of the curriculum [

]

(3) How do you rate the various sections of this resource (please tick)?
Excellent

Good

Average

Poor

N/A

Comments:

Introduction/Overview
Location maps, directions
& local facilities
Suggested pre and post
visit activities
Description of suggested
localities
Suggested activities
(questions/answers)
Links with the Curriculum
for Excellence
Historical information

( 4) What worked well?
(5) What did you / would you change?
(6) Did you use local contacts to support you in using this resource? If so, who and how did they support
you?
Your contact details (useful if we have any queries, but if you'd prefer to remain anonymous that's fine):
Name:
Role:
School / Organisation:
Email address or phone number:
Please return this form to SESEF, Grant Institute, School of GeoSciences, University of Edinburgh,
West Mains Road, Edinburgh EH9 3JW or email to sesef@ed.ac.uk.
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