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Introduction
The seaside town of North Berwick is known for its seabirds, offshore islands and its prominent cone shaped 
hill:  Berwick Law. What you may not know is that this area used to be volcanically active. The Scottish 
Seabird Centre, for instance, lies on top of several old lava flows. The shore displays layers of volcanic ash, 
and solidified magma.

North Berwick lies at the northern edge of the East Lothian district, which forms a promontory into the Firth of 
Forth. The main reason that the coast is shaped this way is that the local, hard igneous rock is more resistant 
to erosion than neighbouring rock types. The rocks do not stick out only in map view, but also form prominent 
topography. For example, Berwick Law, which is the remains of an extinct volcano.

Volcanoes may be the most obvious ways of forming igneous rocks, but there are other processes that take 
place at their feet and underground. North Berwick harbour and its surroundings are good places to find 
clues about the activity of volcanic eruptions, molten rock and ash. 

This Teachers' Guide describes a short walk (around 2 km) along the shore, and takes in 4 geology stops.

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. All the 
figures in this guide are available as separate jpg or gif files from www.sesef.org.uk. 

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 on page 4.
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The geological background
The local volcanoes erupted around 343 million years 
ago, during the Carboniferous Period (see timeline). 
At that time Scotland was located south of the 
equator, enjoying a sub-tropical climate. On the 
surrounding flat muddy plains and lagoons close to 
the sea new sedimentary rocks were forming. These 
sedimentary rocks – mudstones, sandstones and later 
coal and limestone – form the bulk of the bedrock of 
the Lothian area. 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.

Figure 1: Reconstruction of the Carboniferous volcanic 
environment in the Edinburgh area (from “Edinburgh's 

Volcano” published by the Edinburgh Geological Society.

Figure 2: Timeline

For several million years in the early part of the Carboniferous Period, East Lothian was an very active 
volcanic field, with many different craters in a small area. At the start of the volcanic activity, the area was 
probably wet, and so the first eruptions were highly explosive as red-hot, mobile, basaltic magma turned 
groundwater to steam, blasting its way to the surface. The eruption of Surtsey in the  Atlantic Ocean to the 
south of Iceland in 1963 (Figure 3) gives some idea of what the volcanoes would have looked like in their 
early stages.

Figure 3: Surtsey on November 30, 1963, 16 days after 
the beginning of the eruption. Image: Howell Williams 

NOAA.

Figure 4: Basalt lava flow in Hawaii
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As the eruptions progressed an island built up 
above the sea, and in the later eruptions magma 
was able to get to the surface without exploding, 
and spread out across the area as thin lava flows. 

The rocks in this area also demonstrate what 
happens when magma gets trapped beneath the 
surface and cools as intrusions, and there are 
several different types in the area. Igneous rocks 
formed beneath the surface tend to be even 
tougher than lava flows – all the islands visible from 
North Berwick have formed from magma trapped 
beneath the surface.

All these rocks formed a long time ago – and they 
are only here now because they've been protected 
from erosion for millions of years and only exposed 
at the surface recently. At one stage all these rocks 
must have been several kilometres underground, 
and gradually they've been exhumed.

The ice ages are a very important part of the story 
– in the last few hundred thousand years this 
landscape has been scoured several times by thick 
glaciers travelling from the west. Glacial erosion is 
very good at picking out the contrast between 
different kinds of rocks. The direction of ice flow 
determines the shape of the landscape, as the ice 
gets diverted around the hard lumps of igneous 
rock, meaning that it can't easily erode the softer 
rocks behind. So each piece of hard rock creates a 
'tail' of softer rock in its lee. The tail of Berwick Law 
is visible on the eastern side, where there is a 
stand of tall beech trees (Figure 5). Where's the 
tails of Craigleith Island and the Bass Rock? If they 
still exist, they are now under water. This 
emphasises another facet of the ice ages, in that so 
much water was tied up in the ice sheets that global 
sea level dropped by 120 m or more. So the Firth of 
Forth would have been a wide plain and the ice 
sheet would have extended far to the east.

Glossary
Basalt the most common type of lava; fine-grained, 
dense and dark in colour.

Carboniferous Period geological period 359-299 
million years ago, when North Berwick's rocks 
formed.

Dyke intrusion formed when magma moves vertically, 
shaped like a wall.

Fine-grained description of igneous rock with small 
crystals, which has cooled quickly

Granite a coarse-grained igneous rock; it is resistant 
to weathering and is particularly common in NE 
Scotland

Igneous rock members of this family of rocks have 
all crystallised from molten magma or lava

Intrusion cooled body of magma trapped 
underground

Lava / magma molten rock that has come from deep 
beneath the surface. Magma becomes lava when it is 
erupted at the surface

Phonolite is an unusual volcanic rock, containing 
more silica than basalt, and found at the Bass Rock 
and Berwick Law.

Thin section a thin slice of a rock, cut to allow light 
to pass through the mineral grains so that they can 
be examined under a microscope.

Tuff rock formed from volcanic  ash

Volcanic ash fragmented material that has been 
blasted out of a volcanic vent during an explosive 
eruption.

More definitions online at http://geology.com/geology-
dictionary.shtml 
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Links with the curriculum
North Berwick has many opportunities for cross-
curricular themes. You will find a wide range of 
suggested activities in this guide. 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, 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.

Figure 5: Berwick Law crag and tail.

Curriculum for Excellence Outcomes How the outcomes can be addressed in this area

SOC 3-07a Having investigated processes 
which form and shape landscapes, I can 
explain their impact on selected landscapes 
in Scotland, Europe and beyond. 

The contrasting resistance to erosion of different rock types 
is responsible for the local landscapes; the direction of ice 
flow shapes the local hills such as Berwick Law; changing 
sea level in post-glacial times has formed raised beaches; 
the sea cliffs are continuing to erode to create boulders and 
pebbles and eventually beach sand.

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. 

Explore processes in the past that have created and eroded 
different rock types – volcanic activity, erosion and 
deposition. Classroom activities before or after a visit could 
consider how  North Berwick's landscape differs from other 
areas.

SCN 3-17a Through evaluation of a range of 
data, I can describe the formation, 
characteristics and uses of soils, minerals 
and basic types of rocks.

Hands-on exploration of local rock types, including igneous 
and sedimentary rocks, which can be collected on the 
beach. Examine a lava flow and rocks from the crater of the 
volcano.

MNU 3-11a I can solve practical problems by 
applying my knowledge of measure, 
choosing the appropriate units and degree 
of accuracy for the task and using a formula 
to calculate area or volume when required.

Opportunities to measure the angle of slopes and estimate 
the height of the North Berwick volcanoes.

SOC 4-14a I can use specialised maps and 
geographical information systems to 
identify patterns of human activity and 
physical processes. 

Use Google Earth, British Geological Survey online maps, 
etc in advance of a visit to discover links between bedrock 
and scenery. Patterns of human activity may be seen in:
- The distribution and forms of settlements
- Land use (towns, farming, golf courses)
- Construction (harbours, sea walls)
- Recreation (tourism, boat trips, walking, cycling, sailing)

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. 

Humans have modified the natural headland to create a 
safe harbour. Sea wall built at the back of the beach. 

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. 

Berwick Law has long history as an easily-defended sites 
and lookout; Bass Rock used as a prison; early settlers 
lived by the shore, fishing and gathering shells; Harbour 
area has a long history of use; North Berwick an important 
seaside resort in the past. 
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Sources of further information & support
At the Scottish Seabird Centre (www.seabird.org) pupils can discover what it’s like to be a wildlife camera 
operator for the day, learn about the importance of the Firth of Forth wildlife and find out about the creatures 
that live in the rockpools on the beaches that surround the Centre. There are lots of exciting learning 
opportunities for pupils of all ages and abilities including a cinema, telescope deck, Migration Flyway and 
interactive displays. By combining a visit around the Centre with a workshop, the Education Programme 
offers an immersive, multi-sensory experience that will stimulate pupils’ imaginations and bring the 
curriculum to life. There is also a range of free downloadable, photocopyable resources to help prepare for 
your visit (www.seabird.org/education-downloads.asp). Teachers can ask for a free familiarisation visit.

There are information boards around the harbour which explain some of the human history of the area.

For a general introduction to the geology of this area we recommend:
McAdam, D (1997), “East Lothian and the Borders, a landscape fashioned by geology”, Scottish Natural 
Heritage, ISBN 1-85397-242-8. Available to view or download online at www.snh.gov.uk/pubs/detail.asp?
id=49. 
Clarkson, E & Upton, B (2006), “Edinburgh Rock: the geology of Lothian”, Dunedin Academic Press, ISBN 1-
903765-39-0.

Lothian and Borders RIGS Group is developing an information leaflet about the geology of the area, which 
should be published in 2009. For further detailed information about the geology: McAdam, D & Clarkson, 
ENK (eds), "Lothian Geology: An excursion guide", Scottish Academic Press, 1986 (2nd edition). ISBN 0-
7073-0385-0. 

The British Geological Survey poster “Edinburgh: Born of fire and ice cradle of modern geology” is available 
to purchase from the BGS Bookshop http://shop.bgs.ac.uk/Bookshop/product.cfm?id=VPEDIN and is 
relevant to the study of North Berwick's volcanoes.

Location maps, directions & local facilities
The harbour is a short walk from North Berwick train station and the town has bus links with Dunbar, 
Haddington and Edinburgh. There is free parking for coaches, minibuses and cars along Shore Road (but 
watch for seasonal restrictions) and at the car park in Melbourne Place and a Park and Ride to the west. 
There are public toilets at the Seabird Centre and in the centre of town. The Seabird Centre has a shop and 
cafe.

Figure 6: 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.
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Safety & conservation
North Berwick beach is visited by thousands of people every year and is generally safe. Care needs to be 
taken close to the sea and the paddling pool. The beach is sandy, but with some sections of boulders and 
pebbles that can be slippery. There are cliffs and steep slopes at the east end of the beach and around the 
harbour. The main hazards that need to be considered are:

Hazard What might happen Suggested control measures

Water (sea and paddling 
pool)

Drowning; Immersion in 
cold water

Safety briefing at start of activity; close supervision of 
students next to water; adequate adult/student ratio; Group 
leaders carry spare clothing, foil blankets. Group leaders 
aware of procedure for calling Coastguard / lifeboat (dial 
999 or 112).

Weather conditions – areas of 
the park can be very exposed

Exposure to cold / wet / 
heat

Pre-trip instructions to bring warm waterproof clothing and 
adequate footwear. Group leaders carry spare clothing.

Rough beach Twisted ankle / injuries due 
to slipping or falling

Adequate footwear.

Waste materials on beach Cuts from sharp objects; 
infection from waste

Safety briefing at start of activity; provide wipes / hand gel 
for cleaning hands.

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 geological specimens is generally ok, but you 
should follow the Scottish Fossil Code and exercise restraint.

Suggested pre- and post-visit activities
The Earth Science Outdoors: Activities for all ages document suggests a wide range of activities that can be 
carried out in the classroom or school grounds. These include 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, 
http://www.bgs.ac.uk/education/geology_of_britain/ho
me.html (although probably in more detail than you 
need), or use the simplified version on page 25 “East 
Lothian and the Borders, a landscape fashioned by 
geology” available online (in the pdf version) at 
www.snh.gov.uk/pubs/detail.asp?id=49. 

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 East Lothian coast.

Figure 7: Summary map of the geology of the Firth of Forth 
area showing areas of sedimentary and igneous rocks 
from the Carboniferous Period. (Extract from Simplified 

Geological Map of Scotland, available from SESEF) 

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 document 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 8) – 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 (Figure 9). 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.
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Figure 8: the result of vigorous filing of a piece of sandstone 
with a  tile file for less than 30 seconds.

Figure 9: pieces of sandstone that have been shaken in a 
strong plastic bottle.

Find out about modern volcanoes, especially red 
basaltic lava flows e.g. Hawaii, Iceland, Mount Etna. 
Learn the parts of volcanoes – magma chamber, 
crater, lava flows, ash. Take one of the virtual walks 
up a modern volcano at Stromboli online 
www.swisseduc.ch/stromboli/. The walks up Stromboli 
and Nyiragongo, DR Congo (Figure 10) give a good 
impression of how North Berwick might have looked in 
the past.

Make an erupting volcano model – lots of ideas at 
volcano.oregonstate.edu/education/models/index.html 
although most people go for a simple vinegar and 
baking soda version - 
www.volcanolive.com/model.html.

Figure 10: virtual walk on Nyiragongo

Figure 11: Simplified geology of the North Berwick shore. Numbers 1-4 indicate the position of the field localities described 
below. Map after McAdam, in "Lothian Geology: An excursion guide", Scottish Academic Press, 1986 (2nd edition)
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Suggested localities
The localities described follow a route starting at the Scottish Seabird Centre and walking east along the 
beach for 1.5 km. You'd be best to avoid high tide, although some features will still be visible. You'd need at 
least two hours to do the whole walk, and longer if you do some of the suggested activities. However, even if 
you've only got 30 minutes to spare, stops 1 and 2 give a good introduction. The stops described below are 
just suggestions, you'll find lots of interest along the shore, around the harbour and in the views out to sea.

Stop 1: Views of the landscape, lava flows NT 5540 8553
Before going down to the beach, take time to appreciate the big picture and the shape of the landscape 
around you. What can you see? Pupils will spot a range of features, both natural and man made.  

Some questions to lead discussion:
What can you see around you? Beach, Berwick Law, houses, Seabird Centre, harbour, Bass Rock,  
islands, coast of Fife in the distance. Tease out the observation that the Seabird Centre is built on a 
rocky headland surrounded by sandy beaches.

Why is there a rocky headland here? Hard rock, soft rock. Does this apply to the islands too? Yes! And to all  
of the landscape of central Scotland.

What might this area have looked like in the past? The information board near the ruined chapel shows a 
reconstruction of the original settlement here, when sea level was higher. You could use this as inspiration to 
delve further back in time to explore the idea of volcanoes being here and creating different kinds of rocks.

What did the volcanoes look like? Explosions, flying blocks, gushing red lava spreading across the area.

The Scottish Seabird Centre is built on lava flows, which 
were once nearly-horizontal sheets and have later been 
tilted. This is basalt, a hard, dark crystalline rock formed 
from red-hot lava spilling from a nearby crater. 

Before you go down to the beach, examine the War 
Memorial.  It is made of a rock found nowhere in North 
Berwick naturally (Figure 12). It is a granite, and has large 
pink and grey crystals. Compared with the basalt that 
forms the lava flows, granite has larger crystals that have 
taken longer to grow out of magma, in the same way that 
a bucketful of water takes longer to freeze than an 
icecube tray. This type of rock was kept hotter and deeper 
in the ground than the basalt, in a magma chamber, 
where it cooled over a much longer time. Figure 12: close up of the granite war memorial

Go down to the beach immediately to the east of 
the Seabird Centre, which is a good place to 
examine basalt (Figure 13). 

Up close, behind the seaweed, you might be able to see 
small shiny crystals within the rock; a sign that the rock 
has crystallised from magma. However most of the 
crystals are too small to see with the naked eye (they are 
fine grained), so the crystalline structure is best seen 
using a microscope (see next page).

Combining the classification of the kind of rock with the 
overall shape (layers) of the rocks that form the harbour 
area, one can build up a model for the formation of the 
rock. In this case it is likely that this basalt was formed as 
part of a lava flow, which spread out over the landscape 
while molten, to create a sheet, and cooled relatively 
quickly, leaving small crystals.

As you stand looking at the lava, you can imagine the 
scene around 340 million years ago, when a fast-moving 
lava flow came out of a nearby crater and spread across 
the landscape.

Figure 13: basalt lava flow beneath the Seabird Centre. 
The red layer at the bottom is tuff, made of volcanic 

ash, explored in more detail at stop 2.
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Thin Sections: getting a closer view

Geologists often take samples of rocks back to the lab to 
be cut into slices – thin sections. Under the microscope 
and with light shining through them, the rock’s minerals 
and their shapes can be seen more easily. Here are three 
photos of thin sections from North Berwick shore, all taken 
at the same scale to show different sizes of crystals. The 
microscope lighting has been polarised, since the 
minerals that are present often look similar to each other 
in normal light. In general, each individual patch of colour 
in the photos is a single mineral crystal.

The different size of crystals in these rocks is due to how 
quickly they formed. A rock that cools slowly underground, 
like the Bass Rock, has large crystals (Figure 14), 
whereas a lava flow will cool much more quickly and have 
smaller crystals (Figure 13).

Figure 14: Bass Rock phonolite, medium crystal  
size. Cooled relatively slowly underground within 

the pipe of a large volcano.

Figure 15: Basalt from lava flow at North Berwick pier. Out of the 
three rocks shown in thin section, this one is likely to have 

cooled the fastest, as its crystals are so small.

Figure 16: Basalt from Lamb island. The large 
crystals formed first, when the magma was 

cooling slowly and the crystals had time to grow. 
Later, the magma got pushed close to the surface 

and the remaining liquid crystallised quickly.

Stop 2: Paddling Pool: tuff and glacially-transported boulders NT 5544 8554
Look at the flat red rocks next to the lava flow 
of stop 1, on the foreshore near the paddling 
pool (they are covered when the tide is in). 

These rocks are softer than the basalt cliffs, they are 
also volcanic, like the lava flow. However it has 
formed in a very different way, when volcanic ash was 
erupted explosively, and settled into layers that were 
slowly turned into rock, known as tuff. Tuff is one of 
the most common rocks in this area, but because it is 
softer than basalt and other crystalline igneous rocks, 
it is not as visible.

The red tuff lies underneath the lava, and so this tells 
us that the layers of ash were created before the lava 
flows erupted. So we have evidence of a change in 
the behaviour of the volcano; first it exploded violently, 
and later lava oozed out.

Figure 17: The Paddling Pool and layers of red tuff.

The layers of ash formed when showers of ash and rock fragments were blasted into the sky. This probably 
happened because there was lots of water around: magma and water make an explosive mix, as we saw in 
when Surtsey erupted in 1963.
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There are some large boulders of rock on the shore. They are of a similar size to the boulders that used in 
the breakwater beside the Scottish Seabird Centre, so it is unlikely that they were moved here by the sea. 
Instead, they are thought to have been transported by a glacier.

You might see some grey-green circles (around up to 10 cm across) in the red tuff. They are known as 
reduction spots; a sign that parts of the rock have chemically changed (reduction of iron) after its formation. 
The spots are roughly spherical in 3 dimensions.

Suggested activities: 
The beach is a great place to appreciate the 
variety of local rocks. Lots of activities could be 
carried out here – some suggestions from Earth 
Science Outdoors: Activities for all ages 
include:

• Making 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?

Figure 18: close up of tuff, formed from layers of volcanic ash. 

• 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?

• LETS ROCK (SNH TeachingSpace) Ask the children to pick a rock. Sit them in a large circle (using ‘sticky 
elbows’ so they are touching). Give them a short time to get to know their rock – looking and feeling, so that 
they get to know its distinctive features – e.g. angularity, shape, texture. Get them to blindfold 
themselves/partner or close their eyes. The rocks are passed round the circle until each person is sure they 
have got their rock and holds on to it. Take off the blindfolds – are they right? Ask the children to make rock 
families, and sort themselves into groups of similar rocks. These can be illustrated as a geological Venn 
diagram on the ground using chalk (or in the sand) to group similar rocks.

• 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). You can use the Rock ID guide on the next page as a basis for starting a 
collection.

This is also a good viewpoint to look back towards the harbour and reinforce the differences between rock 
types that has led to the formation of the landscape, and doing an annotated sketch to record this.

• FRAME IT (SNH TeachingSpace) Ask each child to find a place where they can hold up a cardboard 
frame to frame a view that is pleasing or interesting to them. Ask them to transcribe the key elements on to 
an A4 sheet, thinking about where the horizon is, and discuss/show how to represent distant and close up 
features, and annotate their pictures.

Numeracy link
If students measure the dimensions 
of a selection of rocks from the 
beach they should find that the local 
basalt and tuff rocks have 
characteristic shapes. Layered rocks 
such as most sedimentary rocks, tuff 
and slate 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 19: 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 19). 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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Rocks on the beach at North Berwick
(key in all pictures is 4 cm long)

The beach is a great place to find different kinds of 
rocks, most of them from the local area but some from 
much further afield.
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Description of rocks in the rock ID guide, page 12
A Basalt with visible crystals, from the local lava flows.

B Basalt without visible crystals within it, probably also from local lava flows.

C Red tuff (formed from volcanic ash), found next to the paddling pool. Quite a soft rock that gets broken up 
easily in the waves.

D Green tuff. Similar to C but the iron in the rock has not oxidised. Found further along the beach, stops 3 & 4.

E Limestone, with holes made recently by a burrowing shellfish called a piddock. Burrows are often found in 
blocks of limestones along the shore.

F Sandstone. 

G Crystalline igneous rock, a micro-gabbro, not found in North Berwick but there are similar outcrops nearby.

H Concrete. Not a rock! Human detritus, including concrete, bricks, slates and clay pipes are common along 
the shore, from dumped waste and the destruction of World War 2 coastal defences. 

Stop 3: Yellow Craig – basalt intrusion NT 5597 8527

Figure 20: Yellow Craig

A 500 m walk to the east along the beach will take you to Yellow Craig, a lone rocky outcrop that 
protrudes out of the sand. 

Yellow Craig, so named because of the colour of lichen that populates it, is another resistant igneous rock 
feature. It forms a thin crag which sticks out of the sand like a long ship’s keel. Up close, the rock looks 
similar to that found below the Scottish Seabird Centre, and its thin section would look similar – it is basalt. 

The shape of the rock body is different, though. 
Instead of forming a horizontal sheet, this crag is 
nearly vertical. It is an example of a dyke, which 
forms when magma forces its way through older 
rocks in a vertical crack. This older rock has now 
been worn away, leaving the resistant rock 
behind.

Its edges are a paler grey than the central dark 
rock. This contrast formed when the edges of the 
dyke cooled more quickly, where it was in contact 
with colder rock. The centre was more insulated 
and remained molten for longer.

Figure 21: Edge of the Yellow Craig dyke, with a pale margin 
where the edge of the intrusion cooled more quickly. 
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By walking a few paces towards the sea and then 
looking back inland, low, resistant ridges of rock 
can usually be seen, demonstrating that the tuff 
beds are layered. These are the edges of beds 
that tilt away from the observer. Since these 
layers were laid down horizontally, we know that 
they have been subsequently tilted. The rock 
here comprises red and green tuff, and between 
them, a thin band of limestone. The latter is quite 
tricky to pick out, but the top of the bed has a 
rounded, knobbly appearance, which is typical of 
a limestone.

Figure 22: Layering in tuff beside Yellow Craig.

Around 20 m to the east of Yellow Craig lies a flat exposure of green tuff. White lines that cut the rock 
in different directions are called veins – these are vertical planes where water has seeped along 
fractures and precipitated a mineral, probably calcite.

This exposure also shows a range of sizes of rocks that have been embedded in the ash. It is possible to see 
bits of basalt within the ash. These are volcanic bombs that have been thrown out of the volcano.

Suggested activity:
Hunt around – who can find the biggest bomb? You should find that the bombs get larger as you 
approach stop 4. A bomb the size of your fist is probably big enough to fracture your skull – but of 
course there were no people here when this volcano was erupting!

Figure 23: Veins cutting through green tuff. Figure 24: Tuff full of fragments (bombs) of basalt.

Stop 4: Partan Craig volcanic vent NT5679 8531

Figure 25: Partan Crag
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Walk along to the far end of the beach to the green-grey cliff that faces towards you. This is Partan 
Crag. 

From a distance, you can see layers that form a broad upwards-concave shape, like a bowl, with a steeper 
right hand side. The layers in this cliff are mostly made of green tuff.

On closer inspection, you'll find large blocks of 
material embedded in the tuff. The curved layers and 
enclosed pieces of rock are the main clues to support 
the classification of this rock as a vent agglomerate – 
a jumbled mass of rock pieces and ash that have 
fallen into the vent of a volcano. The curved beds are 
thought to reflect the draping of layers across a 
confined space. This is the edge of a volcanic vent 
that extends for around 500 m to the east.

So, we have found the source of some of the volcanic 
material of North Berwick – this was the site of one of 
many local craters that contributed the layers and ash 
and lava that are found all around. The size of the 
blocks in the cliff give some idea of the power of the 
eruptions. Figure 26: blocks of rock embedded in the volcanic vent

Finale: View the volcanic landscape
You can view the volcanic landscape from top of Partan Crag or from the observation deck back at the 
Seabird Centre. 

There are four islands offshore, and Berwick Law towers above the town. These are all lumps of hard 
igneous rock, all formed underground in different ways. They show the high resistance to erosion of igneous 
rocks that formed underground. Once we know this, we can infer that there has been considerable erosion of 
the landscape to allow us to see something that formed at depth. Put another way, intrusive rocks that are 
forming today will not be seen until there has been sufficient erosion to expose them.

Intrusive rocks are tougher than basalt, they tend to be more coherent with fewer cracks and gas bubbles. 
The advantage of viewing igneous rock bodies from this distance is that their overall shapes are more easily 
seen than some of the crags on the shore. A drawback is that smaller features such as crystal size cannot be 
seen: a key to the interpretation of these rocks as being intrusive. 

Figure 27: Underground plumbing beneath volcanoes, and the relationship between the islands and different types of intrusions. 
Drawn by Colin Souness, Our Dynamic Earth.

Bass Rock is perhaps the most striking island. It has steep sides and a domed top, which is normally 
crowded with birds. Some vertical fractures may be visible in the cliff face. It is made of a rock called 
phonolite, which is less common than basalt. If you were to get up close to the rock, it would appear lighter 
and have larger crystals which cooled more slowly than the basalt. Bass Rock is an ancient plug, which is a 
body of magma that solidified in the neck of a volcano.
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Figure 29: Craigleith
Figure 28: The Bass Rock

Craigleith is lower and has sloping sides. This is an 
example of a laccolith, a blister-shaped body of 
magma that has intruded into surrounding rock and 
cooled.

Fidra and Lamb can be seen further to the west. They 
are lower still, and less rounded than Craigleith. They 
are the remains of a sill – a tabular igneous intrusion 
that forms a horizontal sheet. They are composed of 
basalt. Figure 30: Fidra (on the left) and the Lamb, seen from the 

Seabird Centre.
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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 [      ]  Area of the curriculum [                              ]
Other  [ ]  Please give details:

(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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