Earth Science Outdoors
Teachers' Guide: CfE Levels 3/4
with additional suggestions for Level 2 and Intermediate/Higher

Crawton, South of Stonehaven, Aberdeenshire
Highlights

ESO Teachers' Guide: Crawton Aberdeenshire

•

dramatic coastal erosion features

•

spectacular lava flows and
conglomerates

•

excellent evidence of ancient
environments and geological
processes
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Introduction
Visiting the coast at Crawton for the first time is a powerful experience. The grand scale of the cliffs,
the noise of the sea-birds (in Spring), the rhythmic surging of the sea, and the dramatic geology on
display, all combine to make this a location that makes a memorable impact on your senses. Once you
start examining the rocks, however, the intriguing story that emerges adds a whole new dimension to
the experience.
This guide to Crawton can be used to support visits by pupils at most levels. It is written for teachers
who may have varying levels of interest in and experience of interpreting landscape and rock features.
Detailed descriptions of six locations are provided. These can be used to guide comprehensive
studies at all levels. However, if you simply want a shorter introduction to the area, you should first turn
to the section headed Suggestions for a shorter excursion and then dip into the other parts of the
guide that relate to the three selected locations listed.
Allow at least two hours for a visit to Crawton, and nearer four for detailed studies of all the locations
described.

Using this guide
This guide is written 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 (coming soon!) 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.
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Is Crawton for you?
The table below sets out information you may need when considering taking your pupils to Crawton:

Main aim:

To work out what has happened to shape the coast at Crawton and form
the rocks that can be seen while exploring its bays and headlands.

This field trip and subsequent related classroom activities can provide excellent contexts for your
pupils to develop a range of information handling, communication and collaborative skills. More
specifically, it can help them to develop their curiosity and understanding of the environment and their
place in the physical world. The physical environment at Crawton is well suited for helping pupils to
address issues of assessing and managing risk with a view to protecting themselves and others.

Level 2
Key CfE outcomes:

Level 3/4
Key CfE outcomes:

SOC 2-07a Explain how major
SOC 3-07a Investigate
landscape features were formed processes which form and
shape landscapes
MNU 2-20b Carry out surveys
and communicate results in
SCN 3-17a Describe the
appropriate ways
formation and characteristics of
basic types of rocks

Earth Science topics that can
be explored here include:

Earth Science topics that can
be explored here include:

• bays and headlands
• changing coastlines

• how the processes of erosion
and deposition create many
different coastal features

• different kinds of rock and
how they are formed
• how studying rocks and
fossils can give us information
about past environments
• how the many past
environments represented in
Scotland’s rocks can be
explained by plate
movements

Suggested described locations
to visit (see Figure Three):
1 - but viewed from road above
Trollochy - looking at and
describing landscape
features
2 - but only nearer rock outcrops
- lava flow and conglomerate
details
6 - active pebble beach with lots
of interesting pebbles; also
plants and seabirds

• why outcrops of bedrock can
only be seen in certain places
• how different kinds of
sedimentary and igneous
rocks are formed
• how studying rock layers can
give us valuable information
about past environments
• how the many past
environments represented in
Scotland’s rocks can be
explained in terms of plate
tectonics

Intermediate & Higher
The submission of a fieldwork
report is a requirement of final
assessment at both Higher and
Intermediate 2 Levels.
Investigating the geology of this
area will also support the
following broad areas of study:
minerals & rocks; structural
geology & plate tectonics;
isostacy; stratigraphy; Earth
history
Geological features and topics
that can be studied here
include:
• various rock outcrops of
conglomerate, sandstone and
andesite lava
• faults and joints
• lava flow features, including
columnar jointing, amygdales
and phenocrysts
• dip and strike
• local stratigraphic
relationships and their
representation
• identification of rock types
represented by beach
pebbles
• coastal landforms

Suggested described locations to visit (see Figure Three):
1 - looking at and describing landscape features; learning to
distinguish bedrock outcrops from drift and loose rock materials
2 - lava flow and conglomerate relationships and detailed features
3 - bays and headlands; using beach pebbles to study and describe
different rock types
4 - lava flow and conglomerate relationships and detailed features
5 - different type of lava
6 - comparing currently active processes of erosion and deposition
with those that gave rise to the rocks that form the bedrock at
Crawton; also chance to study coastal plants and birds
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Suggestions for a shorter excursion
This is a suggestion for an excursion to Crawton which allows younger pupils to learn about the story
told by the local rocks and landscapes without getting too involved in technical details or having to visit
locations that may not be easy for them to access.
Of the six locations described in detail above, it is suggested that:
• Location One is replaced with viewing Trollochy from the road; although this viewpoint has very
little of the “Wow!” factor of Location One, group leaders may feel more comfortable where
youngsters are unable to access cliff edges
• the visit to Location Two is restricted to examining the nearer outcrops
• Locations Three, Four and Five are omitted
• Locations Six takes in whatever features are revealed in Crawton Bay by the state of the tide at
the time of the visit.
The amended excursion is summarised below with a brief indication of the key features that each
location offers for observation and study. The activities referred to in italics are described in detail in
the separate section headed Suggestions for pupil activities.

Location

Key Features

Possible Activities

Location One
Overlooking
Trollochy

• range of coastal landscape
features
• erosive power of the sea
• contrasting lava and
conglomerate cliffs

• learning to describe landscape features and
exploring appropriate language for doing so
(Look all around)
• recording observations in the form of notes,
sketches, photos and/or video clips (Always
take a notebook)

Location Two
First Lava Flow

• large-scale outcrops of
• as above but observing, describing and
bedrock unobscured by
recording detailed features displayed in rock
vegetation and soil
outcrops
• lava flow base resting on thick • writing down topics for further research
layer of coarse conglomerate
afterwards (eg how lava flows are formed;
the types of environment where
• a variety of interesting features
conglomerates might be formed)
clearly visible within individual
rock outcrops

Location Six
Crawton Bay

• former fishing station (only cliff- • Every pebble tells a story
top ruins and access track
• observing and recording information that can
remain)
be used to Make a story from the clues
• plant and seabird ecology
• observing and recording information relevant
to the human history and ecology of the area
• active pebble beach and
higher-level storm beach
for including in a classroom presentation
about the excursion
stunning
cliffs
of
conglomerate
•
with sandstone lenses
• lava flow at E side of bay may
be of interest at low tide

Safety and conservation
The excursion involves relatively easy walking on path and shore but, being an area of high coastal
cliffs, significant hazards are never too far away and pupils should be made aware of the need to
follow instructions closely. Of the six suggested locations for visiting, the first is the only one that is
unsuitable for those likely to experience vertigo. It is possible, though less inspiring, to carry out the
suggested observation and recording activity from a location where this is less likely to be a problem.
It is, of course, the responsibility of each group leader to take an informed decision on where to take
their particular group at Crawton. Prevailing weather conditions should also be taken into account
when making this decision.
ESO Teachers' Guide: Crawton Aberdeenshire

23 October 2009

4

The main hazards that need to be considered are:
Hazard

What might happen

Weather conditions
can change rapidly on Exposure to cold /
this coast, leading to
wet / heat/ strong
unexpected degrees
winds
of exposure
Rough paths and
shores

Suggested control measures
Pre-trip instructions to bring warm waterproof clothing
and adequate footwear. Group leaders carry spare
clothing. Sun-protection lotion may be needed. Be
ready to abandon this excursion if the wind becomes
particularly strong or gusty.

Slips or falls leading to
twisted ankle/staved
Wearing appropriate footwear and paying due
wrist injuries and head attention to the underfoot conditions.
knocks

Students forbidden to stray from route followed by
Injuries due to slipping
High vertical cliffs and
leaders. Hard hats to be worn if approaching base
or falling; injuries due
smaller crags
of steep cliffs or crags; nobody in party to approach
to falling rocks
within 10 metres of cliff bases.
Deep and sometimes
surging sea-water

Hypothermia or
drowning from falling
into the sea

Avoiding locations where this is possible; none of the
recommended excursion locations expose party
members to this hazard.

You should follow the Scottish Outdoor Access Code published by Scottish Natural Heritage. The
route between Locations Three and Four passes close to a private home. Party members should
avoid straying from the public path at this point.
There is no real need to hammer outcrops since there is ample loose and fresh material on the pebble
beaches. Responsible collecting of such material is permitted.

Access, parking and local facilities
Crawton is situated 7 km (4 miles) south of Stonehaven along the A92 road. Turn off the A92 at [NO
873 810] along the single track road sign-posted to Crawton. The turn-off is indicated by the arrow on
the left map below. Note that there are very few passing places on this road. There is a small car
park near the end of the road with a turning space suitable for a minibus if it is not too congested. This
car park is mostly used by visitors to the RSPB Fowlsheugh coastal nature reserve. There are no toilet
facilities beyond Stonehaven.

Location maps: www.ordnancesurvey.co.uk/getamap.
Image produced from Ordnance Survey's Get-a-map service. Image reproduced with permission of Ordnance Survey.
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The geological background
Underlined words are listed in the glossary at the end of this Guide.

The bedrock
The rocks that can be seen at Crawton make up a small part of what were formerly known as Lower
Old Red Sandstone strata that crop out along the coast between Stonehaven and the Firth of Tay.
They belong to the local sequence of rock layers known as the Dunnottar-Crawton Group. At Crawton,
four lava flows can be seen alternating with layers of spectacularly coarse conglomerates and localised
lenses of sandstone (Figure 1).

Figure 1: Geological map of Crawton showing numbered excursion locations and the sequence of
conglomerate and lava layers. Based on the Aberdeen Geological Society field guide map. Note
that only areas with actual bedrock exposed are mapped. The timeline shows the geological context.
These rocks were formed in a low-lying area around 415 million years ago, during the latest Silurian
and earliest Devonian periods. Detailed studies show that the conglomerates accumulated when large
amounts of coarse material were eroded from nearby volcanically active areas that lay to both the south
and the north of what is termed the Crawton basin. The material was transported by shifting,
periodically turbulent river systems that created broad alluvial fans. These were largely composed of
boulders and were bordered by deposits of sand, most of which were flushed away during rain storms.
The lava flows were early representatives of a major period of volcanic activity that eventually gave rise
to thick lava accumulations at several locations in Scotland, the nearest forming the Sidlaw and Ochil
hIlls. They are made of the rock type basalt and were erupted into a generally barren landscape.
Crawton is regarded as an important geological site because of the clearly displayed relationship
between the lava flows and the sedimentary rocks that enclose them.
At the time that these rocks were being formed 415 million years ago, Scotland lay somewhat south of
the equator in a land-locked semi-arid environment. The continental collision that produced nearly all
of the metamorphic and igneous rocks that make up the Scottish Highlands was in its final stages. A
major fracture in the Earth’s crust caused by the collision, the Highland Boundary Fault, was active less
than ten kilometres to the north. The area was thus ‘geologically hyperactive’ with contemporaneous
earthquakes, volcanic eruptions and large-scale erosion of newly uplifted mountains all happening at a
pace that hasn’t been equalled in Scotland since.
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More recent features
Crawton exemplifies the effects of recent marine processes on rock layers of varying resistance to
weathering and erosion (Figure 2). Features that are well displayed include cliffs, bays, storm
beaches, promontories, wave-cut platforms, a cave, a former blow-hole, and a hanging valley. There
are several examples of minor faults and major joints which are currently being preferentially exploited
by weathering and erosion to produce inlets, clefts and undercut outcrops.
The hanging valley above the waterfall was formed when the course of the small stream was blocked
by glacial till. Varying thicknesses of till rest on top of all the cliff sections and show the scars of
numerous minor landslips.

Figure 2: View from near Location One of the promontories formed by lava flows that are more
resistant to erosion than the interbedded conglomerates. The distant cliffs and headlands, however,
are all formed from more resistant Catterline Conglomerate.

The key features of Crawton are:
• large scale outcrops that expose broad stratigraphy as well as detailed relationships
• boulder conglomerates incorporating a wide variety of rock types
• lava flows with large feldspar phenocrysts, gas cavities, and various flow structures
• coastal landforms dominated by erosional features
• a harsh environment exposed to pounding seas and yet home to a variety of plants, birds and
marine life.
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Sources of further information & support
More information about this period in Scotland’s geological past can be found by interacting with the
Geological Time Scale at:
http://www.scottishgeology.com/geology/geological_time_scale/time_scale.html
and by reading the Midland Valley section of the Regional Geology pages on the same website.
The information summarised above is partly derived from this and other websites (see below) and from
the BGS publication Bedrock Geology UK North (ISBN-13: 978-0751835021).
For support when planning a group visit to Crawton, please contact the Scottish Earth Science
Education Forum (SESEF) to check if a local facilitator is available to accompany your group.
SESEF’s contact details are:
Tel: 0131 6517048

Email: sesef@ed.ac.uk

Web: http://www.scottishgeology.com/SESEF/

At the time of writing (July 2009), the SESEF development Officer is Catherine Morgan. Another
person to contact for help in planning a visit is the Aberdeenshire Kincardine and Mearns Ranger who
can be contacted at:
Tel: 01569 768292

Email: kincardineandmearns.ranger@aberdeenshire.gov.uk

If you are also considering visiting the adjacent Fowlsheugh RSPB Reserve, you can find details at:
http://www.mearns.org.uk/stonehaven/rspb.htm

For more comprehensive and technical details about the geology of the Crawton coastal section,
there are now two excellent online sources. The Crawton chapter of the out-of-print Excursion
Guide to the Geology of the Aberdeen Area sites is now accessible in digital format at:
http://www.aberdeengeolsoc.org.uk/ags-aberdeen-guide.html
You can also download the Crawton Geological Conservation Review extract at:
http://www.jncc.gov.uk/pdf/gcrdb/GCRsiteaccount2493.pdf
One of the best reconstructions of plate movements over the past 750 million years can be found at:
http://www.ig.utexas.edu/research/projects/plates/
Look for the Movies section on this rather crowded webpage and then for PLATES 2002 Atlas of
Plate Reconstructions (750 Ma to Present Day). This link downloads a Powerpoint presentation
showing plate movements in some detail, including those at the time of the formation of the
Dunnottar-Crawton Group.

Suggested pre- and post-visit activities
1. Explore Scotland's rocks and your local rocks. Experiment to discover the resistance of different
rock types to erosion.
2. Study landforms and erosional processes in modern mountain ranges in arid climates.
3. Visit the University of Texas website (see the last item in the boxed information on the previous
page) and study reconstructed plate movements from around 450 to 350 million years ago, paying
particular attention to the area that became the UK : this period includes the time that the rocks at
Crawton and surrounding areas were formed at 415 million years ago.
4. Study Google Earth or similar satellite images of the coast of this part of Aberdeenshire and Angus
and look for correlations between landforms and local rock types as shown on geological maps of
the same area (eg http://www.scottishgeology.com/geology/geology_of_scotland_map/
scotland.html)
5. Follow up the excursion with research activities into observed features of interest and collate
participants’ experiences into an appropriate form of presentation.
ESO Teachers' Guide: Crawton Aberdeenshire
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The field localities

Figure 3: Aerial photo of Crawton showing excursion locations and access routes.

Introduction
There are six localities described in this guide as shown on the geological map (Figure 1) and the aerial
photograph (Figure 3). From the car park, continue on foot along the road past the entrance to
Fowlsheugh until the deep inlet called the Trollochy opens up on your left. Follow the small footpath
along the far side of the Trollochy to reach Location One. Locations Two and Three are also accessed
off this path.
Locations Four to Six form a separate group that are reached by descending the old fishermen’s track
that leads down to Crawton Bay. Unfortunately, it is not possible to follow the along coast directly from
Location Three to Location Four because of an intervening crag.
As numbered and described below, the sequence of locations leads up through the stratigraphic
succession towards the youngest rocks at Location Six. Because of the necessary detour between
Locations Three and Four, you will actually pass Location Five on the way to Four. To preserve a
sense of the stratigraphic succession, you are advised to examine the rocks at Five on the way back
from Four.
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Location 1: Trollochy
This location is an excellent one for
learning how to look at and describe
landforms and rocks. It also
introduces the main rock types that
feature in the local geology. Take
your group down the path that heads
eastward along the south side of
Trollochy. Gather on top of the small
hill (or just beyond) at Location One
and face north towards the cave and
waterfall on the other side of the inlet
(Figure 4). This is definitely not a
place for wandering about and it will
be safer if everyone sits down! Ask
your group to have a good look at
everything they can see, looking to
both left and right.
Figure 4: Location One and Trollochy
When they have done this, one (or all) of the pupils should start making a list of the landscape and rock
features that they can see. As the teacher, you should avoid doing this yourself since you will need to
focus on helping pupils to find appropriate words to describe the features they are observing. You will
also need to ensure that everyone stays put.
There is a lot to see and it makes sense to start with the larger features and gradually focus in on detail.
The following is an example of what might be listed, but bear in mind that some of these features are
well over 50 metres away and not all of the detail will be obvious to the inexperienced. Depending on
their pre-knowledge, pupils may also use very different terms!
•

a narrow inlet with cliffs all round and a small boulder beach at the west end

•

a stream falling abruptly over the cliff opposite in a vertical waterfall

•

the cliff is mostly made of conglomerate composed of rounded boulders, some of them very
large

•

a few beds of sandstone occur interbedded within the conglomerate

•

there is a cave cutting into one of the larger sandstone lenses

•

more sandstone and pebbly beds can be seen on the slopes above the cliff

•

there is a large deep hole high on the grassy slope just below the road (this is a largely in-filled
former blowhole)

•

steep grassy slopes stretch up to the road level above the highest rock outcrops

•

the cliff above the beach and below the road consists of a massive lava flow resting on bedded
sandstones and other sedimentary rocks

•

the relatively smooth surface of the lava outcrop contrasts with the lumpy-looking conglomerate
opposite

•

the lava near the minor faults is more heavily jointed than in the outcrop described above

•

the base of the lava flow significantly overhangs the layers of sedimentary rock below

•

the sequence of rock layers that can be seen above the west end of the inlet (lava flow,
sandstones and conglomerates) is disturbed by a series of small faults which bring the base of
the lava flow to a lower level southwards

•

in one prominent outcrop between two faults, the base of the lava flow can be clearly seen
resting on a sequence of sandstone and conglomerate beds
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Although it is not always easily done, care should
be taken to separate observation from
interpretation. The following are examples of
observations which include an element of
interpretation:
• the faults exposed at the end of the inlet have
been exploited by the sea to create the inlet
• the sedimentary rocks below the overhanging
lava are more easily eroded
• the cave exists because the localised body of
sandstone is more easily eroded than the
surrounding conglomerate
• the steep grassy slopes are underlain by
unconsolidated (and unstable!) glacial till
Depending on how much was observed on the way
to Location One, some pupils may have noticed the
line of faulting cutting through the rocks on both
sides of the inlet and heading north-west in the
direction of the blowhole (Figure 5). This line of
weakness has been exploited by the sea to cut a
cave. Air trapped by waves crashing into the cave
is compressed and escapes explosively through the
fracture, gradually enlarging it to form the blowhole. Figure 5: The blowhole area showing fracture
that helped create the blowhole
Retrace your steps a short distance from Location One and take the small path down to the left that
follows the line of this minor fault. Descend to Location Two, a narrow inlet that is the fault’s seaward
expression to the south-east (Figure 6).

Figure 6: Overview of Location Two and paths to Location Three
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Location Two: First lava flow
This location allows you to examine at close quarters the first lava flow in the Dunnottar-Crawton Group
and the conglomerate that underlies it. These are the same stratigraphic units that were observed from
Location One. Location Two is a good one for developing and practising the skills involved in taking
field notes (see more detailed advice in the separate Suggested Activities section). There is a variety
of geological features on scales ranging from very small to fairly large that lend themselves to the basic
recording technique of creating annotated sketches. Backing these up with digital images is also to be
recommended.
The first feature to look for are eroded tops of
columnar jointing (Figure 7). These take the form
of more or less hexagonal shapes with upstanding
rims and eroded cores which are often water-filled.
Columnar jointing is only well developed locally
and is created by shrinkage of the lava as it cooled
and crystallised after flow movement had ceased.
Rain water percolating down into the cracks as
they formed may have helped to extend them.
The margins of the columns are thought to be
slightly finer grained and more resistant to
weathering and erosion than the more coarsely
crystalline interiors of the columns. Be sure to
look at the sides of the outcrops to gain a threedimensional impression of the phenomenon.

Figure 7: Differential weathering in
columnar jointed lava

Jointing in lava flows can often reveal information
about the way in which the lava originally flowed.
The vertical lava face adjacent to the eroded
column tops has one or two sections through
columnar jointing that seem to define a curved
shape. Other prominent joints seem to separate
parts of the flow into units that lie on top of one
another (Figure 8). Both of these features are
fairly typical of lava that was cooling and becoming
more viscous. Individual lava fronts cease to flow
(the curved jointing) and are then over-ridden by
further flow units (separated by sub-horizontal
zones picked out by weathering and erosion).
Figure 8: First lava showing flow units with
conglomerate below
It is also possible to examine the base of the lava
flow and its contact with the underlying
conglomerate in several of the outcrops at this
general location. The best place to examine this
relationship lies on the other side of the narrow slot
that marks the line of the fault. Some boulders
wedged in the slot provide helpful crossing points,
though not every group leader may be willing to
take a group across this particular obstacle. If the
rocks are at all wet, or if the group is not
particularly agile, exploration of Location Two
should be limited to the outcrops above the highwater mark where under-foot conditions are more
secure.
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For those that cross to the other side of the ‘slot’,
the features shown in Figures 9 and 10 can be
studied. As well as describing the cleanly exposed
conglomerate under the slight overhang of the lava,
pupils should note the variety of rock types evident
in some of the larger boulders between this outcrop
and the slot. In spite of a patchy covering of lichen
and general weathering, various granite, jasper and
quartzite boulders stand out because of their
colours. For help with identifying local rock types,
refer to the written and photographic descriptions of
various local rocks that are included in the Pebble
Identification activity later in this guide.
In several of the outcrops at Location Two, there is
evidence of locally very slaggy phases within the
lava flow, indicating a high level of degassing
before the lava solidified. One upward flaring
structure in particular is interpreted as a spiracle
formed by explosive gasification of water trapped in
wet sediment beneath the advancing lava flow
(Figure 10). The other slaggy phases probably
have a similar origin.
Finally, some of the cleaner outcrops of lava display
large numbers of long pale narrow crystals set in
the brownish fine-grained ground-mass typical of
the lavas at Crawton (Figure 11). These are
feldspar crystals and provide evidence of two
distinct stages in the cooling history of the lava.
For crystals like these to grow to sizes up to 2 or 3
centimetres, requires a long period of undisturbed
cooling and slow crystallisation. When such
crystals are set in a groundmass composed of
much smaller crystals, this is evidence of a second
much more rapid phase of cooling.

Figure 10: Upward flaring spiracle in lava flow

Figure 11: Porphyritic lava with feldspar
phenocrysts and vesicles

This is a very common characteristic of lava rock and suggests a period of slow cooling at depth,
possibly in a magma chamber, followed by rapid chilling after eruption at the surface. The larger
crystals can be of several different mineral types and are collectively termed phenocrysts. The texture
of a rock containing prominent phenocrysts is described as being porphyritic.
Although the feldspar phenocrysts in some of the Crawton lavas are often described as needle like,
they actually have a more platy form and only appear very thin in cross-section. Occasionally, lava
pebbles are found with very large platy crystals that look very different from the normal lava pebbles.
These turn out to be just the same lava, however, with the crystals exposed in a different orientation.
As might be expected in a rock that flowed into position, phenocrysts provide information about the
direction and nature of the final flow movements. Occasionally, they are seen to be closely aligned;
more commonly they are either poorly aligned or distributed in largely random orientations.
Incidentally, you may notice small, very round holes in some rocks, both here and elsewhere. These
are the result of sampling rock using a portable diamond drill. Those who are responsible for doing
this, mostly researchers and academics, seem to be universally unwilling to follow the recommended
practice of filling the holes with some kind of matching cement afterwards. Mostly they are not very
obvious, but there have been some shameful examples of geo-vandalism where scientifically and
historically important outcrops have been seriously disfigured.
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Once justice has been done to the various features of interest, your group should retrace its steps a
short distance. You will have to choose whether to follow the small path that takes you up and over the
low rocky outcrop on the left or by-pass this obstacle by scrambling up the grassy slope to the cliff-top
and then coming back down again beyond it (Figures 3 and 6). Both routes take you on the the upper
surface of the lava flow that you have been examining. Head generally south-westwards down the
sloping lava surface towards the next inlet.
On the way, you may start noticing patches of
distinctive brick red and white crystals
occurring on the surface of the lava (Figure
12). These are in-filled gas bubbles known as
amygdales. What starts as a cavity is in-filled
as circulating ground-water rich in dissolved
minerals gradually deposits crystalline
material, often in successive layers of different
types and textures. The white mineral in the
centre of these amygdales is calcite and the
distinctive brick red one is stilbite. It is
common for the upper portions of lava flows to
be rich in vesicles and amygdales. Vesicles
are simply unfilled cavities that were originally
gas bubbles trapped before they could rise to
the top of the lava flow and escape.

Figure 12: Large amygdales filled with calcite and
brick red stilbite

You have arrived at Location Three when you descend on to the pebbly beach at the head of the next
inlet.

Location Three: Pebble beach
This small beach (Figure 13) is noticeably cleaner
than most of the others in the immediate area and
lends itself to a study of the rock types represented
in the pebbles and boulders that make up most of
the beach. Technically, the term pebble is used for
sizes bigger than sand grains up to around 6 cm.
Cobbles are the next size up, leading to boulders
which are more than 25 cm across.
Depending on the state of the tide, it may be
possible to locate outcrops of conglomerate poking
through the loose beach materials. Some of the
outcrops show an intimate relationship between
lava and conglomerate. Although the evidence
can be ambiguous, the conglomerate is in fact
resting on the upper surface of the lava flow that
you have just crossed. All the rock layers in this
part of the coast, are tilted towards the south-west
at an angle of around 15 degrees. This inlet marks
a fairly thin layer of conglomerate sandwiched
between the tilted first lava flow across whose
upper surface you have been walking and the
second lava flow whose precipitous outcrops are
facing you on the other side of the inlet.
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Because the material on this beach is constantly exposed to energetic wave action, the surfaces of the
pebbles and boulders are mostly fresh and unweathered. It makes an ideal spot to start looking in
detail at the variety of rock types represented locally. Refer to the separate list of suggested activities
below for details of some effective ways of engaging pupils in making detailed observations of rocks.
After completing whatever activities you choose to carry out at Location Three, make your way back up
to the road returning along the same route that you followed on your way down. When you arrive at
the road, turn left and follow the main track, passing close to some properties, until it descends to the
beach at Crawton Bay. When you reach the beach, turn left and make your way eastwards round into
the next bay. Keep going to the far side of this smaller bay across the generally coarser blocks and
cobbles of its beach until you arrive at Location Four, the distinctive rocky point shown in the photo
below and on the aerial photo in the Introduction. This circuitous detour between Locations Three and
Four is necessary to avoid the un-scaleable crag beyond the beach at Location Three.

Location Four: Rocky point
The rock that forms this rocky point shows
conglomerate clearly lying as a layer on top of lava
(Figure 14).
Depending on the state of the tide, it is possible to
view the contact between the two units in detail.
The west side of the point is the more accessible.
It should be possible to see that the top of the lava
flow is irregular and that conglomerate fills in the
hollows. It is possible that the flow top was eroded
prior to the deposition of the conglomerate. It is
also possible that the original surface of the flow
was left in an irregular state when flow movement
ceased. Note also that this lava, the third flow in
the sequence, is porphyritic with flow aligned
feldspar crystals up to 2 cm long visible locally.

Figure 14: Location Four showing isolated layer
of conglomerate on top of third lava flow

This location lends itself to an activity exploring how such outcrops are represented on a geological
map. Most maps are simply plan views from above. A map of this point would show mostly
conglomerate since that is the rock at the surface. Most of the lava below would not be shown on a
plan view since it is pretty well hidden beneath the conglomerate. Looking at the rocks on the point, it
is instructive to consider how the conglomerate and lava units of this area would be represented on a
simple map.
It is normal for a geological map to include
idealised vertical sections and crosssections to allow the relationships
between map units to be represented
more clearly. Depending on the preknowledge of your pupils, they could
attempt to produce their own geological
sketch maps and sections of this limited
area and compare them with those
opposite (Figure 15). These particular
diagrams are largely fictional and are
simply intended to illustrate the general
relationship between the lava flow and the
overlying conglomerate. Note that pupils
would be expected to annotate such
Figure 15: Geological sketch map and section of Location
diagrams with scales, compass
Four
orientation, and observational notes.
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Location Five: East side of Crawton Bay
Retrace your steps back to Location Five on the east side of Crawton Bay.
The outcrops here are of lava. This is the fourth lava flow in the sequence and differs from those you
have already examined in having virtually no prominent feldspar crystals. This fourth flow overlies and
is therefore younger than the conglomerates at Location Four. Locations One to Five have allowed
you to examine successively younger rocks as you have progressed down the coast with the rock
layers dipping away in roughly the same direction at around 15 degrees.
Once you have examined these rocks, make your way westwards along the beach towards the other
side of Crawton Bay.

Location Six: Crawton Bay
As you progress along the beach, note how the frequency of the various rock types encountered here is
different from the beach at Location Three. There are fewer lava pebbles and many more
metamorphic and granitic rocks. These have been derived from reworked pebbles and boulders within
the conglomerate, making this at least the second time that these particular pebbles and boulders have
had a separate existence. Originally, they were transported and deposited by fast-flowing rivers,
probably as flash-flood deposits in alluvial fans. Now they are being worked by the sea. Were sea
levels to rise rapidly in the near future, they would stand a slight chance of becoming part of another
conglomeratic bed. More probably, they will be reduced to smaller and smaller sizes until they form
sand grains that will migrate along the coast or get carried down into deeper water. This beach is a
good source of hand specimens of pebbly conglomerate (ie made up of pebbles mostly up to around 6
cm across), not normally an easy rock type to collect.
Note the two distinct levels in the beach shingle. These are created respectively at the limit of normal
high tides and at the higher level occasionally reached by storms. The freshness or otherwise of the
beach materials is a good indication of how recently the storm level has been reached by wave action.
It is well worth going right along to the far end of the beach simply to be impressed by the sheer scale
of the conglomerate layer that is exposed in the vertical cliff face. Note too the sizes and shapes of the
component boulders - but do not get too close to the base of the cliff for obvious safety reasons. As
you gradually approach the cliff, look for variations and patterns within the exposed rock unit. This cliff
and the outcrops on the slopes to your right provide spectacular vertical sections through stratified
(layered) conglomerates with occasional lenses of sandstone.

Location Six is the final described location.
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Suggestions for pupil activities
Notes on possible activities are provided below for three different
levels -Two, Three/Four, and Intermediate/Higher

Level Two
(written for pupils/teachers)

Be a geologist!
Scientists who study rocks are called geologists. They are looking for clues that tell them about the
Earth's distant past. Since the Scotsman James Hutton became ‘the father of geology’ over 200
years ago, many geologists have worked hard gathering information which now lets us tell the
Earth's story in great detail.
The rocks at Crawton tell us about one particular time around 415 million years ago. It may seem a
long time ago, but the Earth was already more than 4000 million years old by then!
This activity is in three parts. The first helps you to look closely at rocks and to describe what you
see. You will also learn about the kinds of information that geologists get from rocks.
The second part gives you a chance to start keeping a geological notebook. You will be guided
through the process of making sketches and describing features that you can observe in the rocks at
Crawton.
Finally, you can try making a story out of the information you have gathered. Geologists are great
story tellers - and, because of all the work they have done over the last 200 years, they have a
fascinating story to tell us about the planet we live on.

1 Every pebble tells a story
First find your pebbles! Look at the photos below (See page 27 for these photos) and try to find one
beach pebble to match each of the eight photos (or fewer as appropriate). Don’t look for an exact
match - just find a pebble that looks quite like the one in the photo. Because beaches keep
changing, you may not be lucky enough find a pebble to match every photo.
When geologists study rocks like those that make the pebbles you have collected, they are looking
for clues about how the rock was formed a very long time ago. They can then work out the type of
environment that existed at that time.

The geologist’s stories
Here are eight stories that a geologist has worked out for the rocks that make the pebbles in the
photos. Read the stories and see if you can match the clues in the stories to the right pebbles.

1.

This rock is coloured bright red. It was formed on the bed of an ancient ocean when a hot
spring containing dissolved minerals flowed out of volcanic rock.

2.

Pale and dark layers make up this rock. The pale layers were originally sand and are usually
thicker than the dark coloured ones which started as mud. The layers of sand and mud have been
heated and squeezed to make this very hard type of rock.

3.

This rock was erupted from a volcano and flowed away from it as a red hot liquid. It has lots
of holes in it which were once gas bubbles that got trapped inside the rock as it cooled and became
solid.

4.

This rock is usually pale brown or grey and has very smooth surfaces. When it is wet, you
can sometimes see that it is made up of faint layers. It used to be very pure sand that was washed
clean in a river. It has since been heated and squeezed to turn it into this very hard rock.
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5.

This purplish grey rock is common at Crawton. Its surface is covered in pale markings which
are actually crystals inside the rock. The shapes of the crystals are usually long and thin. This kind
of rock was also erupted from a volcano.

6.

You may have to look carefully to find this type of rock. It comes in various shades of pink or
grey. It has no layering and looks the same all over. It is made of lots of different crystals a few
millimetres across and can look speckled from a distance. This hard rock was once a very hot liquid
trapped deep underground.

7.

This rock also came from a volcano. It used to have gas bubbles in it but the holes have all
been filled with pale and greenish coloured minerals. The shape of the filled holes is often quite
rounded.

8.

This is a striped rock that comes in lots of different colours, usually reds and greens. The
stripes are usually pale and cut through the rock in different directions. This makes it look as if it
has been split up and then stuck back together again. Actually, that is exactly what happened!

2 Always take a notebook!
The one thing a geologist must ALWAYS take when setting out to do fieldwork is a notebook and
pencil. A notebook is needed to record all the information that comes from looking closely at rocks
and rock outcrops.
An outcrop is where there is no soil or vegetation covering up the bedrock that makes up the hard
surface of the planet that we live on. It is a place where you can see and touch solid rock. There
are lots of outcrops at Crawton!
When you find an interesting outcrop that you want to study, the first thing to do is to stand back
and really look at it. Think about all the different things you will want to take down information
about. Here is a list of questions that might help you look for the right features. Just don’t expect
to find all these features in one outcrop!
From a distance:
• are there obvious layers in the rock?
• if so, are the layers flat-lying or tilted? - and are they all the same? - or bent into different
shapes?
• are there any other patterns that look interesting? (look for regular patterns of cracks or
shapes)
• are there different looking rocks in the same outcrop?
• if so, how do they relate to each other? (one on top of the other - or side-by-side - or one
cutting across the other)
From close up:
• think about all of the above questions again - you may be able to add more information when
you are closer and can see detail that you couldnʼt see before.
• what colours are there in the outcrop?
• and are there different colours in different parts of the outcrop?
• can you see if the rock is made up of crystals or bits of other rocks - or perhaps both?
• are there any other interesting features?
Having had a good look and a good think, you are NOW ready to start recording information about
your chosen outcrop. Although you can describe an outcrop in words alone, it is much better to
make a labelled sketch of the outcrop. There is an example below of a field sketch of an outcrop and a photo to show the original outcrop [See page 3 above for this sketch and photo]. If you have
a camera, taking a photo is a good way to backup your sketch so that you can improve your sketch
later if you need to.
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3 Making a story from the clues
The really satisfying part of a geologist’s job is looking at all the information recorded in the field and
finding that there are clues which fit together to tell a story about an area’s geological past. The
story of the rocks at Crawton is a really interesting one!
Here are some questions to help you work out what happened for yourself using information you
have gathered during your field trip.
1. Where is the oldest rock unit that you can see at Crawton?
2. What kind of rock is it?
3. What do we know about how that rock unit was formed?
4. Which rock unit was formed next?
5. What kind of rock is it?
6. What do we know about how that rock unit was formed?
And so on - until you come to the youngest unit.
Now you should have enough information to make up a story about the series of events that gave
rise to the rock sequence at Crawton. You can tell that story in whichever way seems best. A
combination of labelled sketches or cartoons would work well - or why not try making up a ‘Mind
Movie’ that tells the story?
And so far, you have only focused on the far distant events that took place in the southern
hemisphere 415 million years ago. What would have happened to these rocks since then? Today,
they form cliffs, bays and headlands on a spectacular piece of Scottish coastline in the northern
hemisphere. Can you imagine all the things that have happened to change these deeply buried
layers of rock into the landscape we can see at Crawton today?
Here is a website that can help you to find out what has happened to Scotland over this long period
of time:
http://www.scottishgeology.com/geology/geological_time_scale/time_scale.html
Click on the different geological periods to see maps showing what Scotland was like at the time.

More detailed information about the pebbles featured in the Every pebble tells a story can be
found as follows:
• a list of detailed descriptions of the eight pebble types is given on page 28
• the names of the rock types represented by the eight pebbles are given in the table on page
29 along with comments and information about how these rocks may have been formed
• the correct association of photo letters and description numbers is also given in this table
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Levels Three & Four
(written for teachers)

Be a geologist!
The activities below are all focused on the kind of work carried out by geologists when they visit an
area for the first time. The suggested sequence of activities starts with just taking a good, slow,
long-distance look at the rocks and the landscape from a good vantage point. This is an excellent
way to ‘tune in’ to what the rest of the excursion will be about and a good opportunity for you to
gauge your pupils existing level of geological knowledge and understanding.
Two close-up activities then focus attention on the variety of rock types found locally and on their
relationships as revealed in outcrops. Examining beach pebbles provides information about local
rock types and is a good way of encouraging pupils to think about suitable words to use when
describing rocks. Sketching and recording details in a field notebook is the time-honoured way of
collecting information provided by individual rock outcrops. Both of these activities require to be
practised to develop proficiency and the beaches and outcrops at Crawton lend themselves to
acquiring the skills involved.
The final activity shows how the various pieces of information gathered from over-viewing the coast
section, examining individual outcrops and studying rock specimens can all contribute to a general
understanding of the geological processes that were involved in creating this spectacular corner of
NE Scotland.

1 Look all around!
Details of this suggested activity are given in the Teacher Notes for Locality One.

2 Every pebble tells a story
The purpose of this activity is to engage your pupils in looking closely at rock specimens and in
learning how to describe what they see in meaningful language.
It is actually quite difficult in many localities to find rock specimens that are clean and unweathered.
It is vital that only fresh rock surfaces are examined since weathered surfaces rarely provide much
relevant information to the inexperienced - and often provide distracting irrelevant information! The
beaches at Crawton, and the one at Location Three in particular, offer an endless supply of freshly
churned pebbles that are ideal for pupil examination.
There are lots of different ways of organising this activity. Here are some ideas:
•

issue laminated sheets showing colour photos of target specimens

•

task pupils with finding matching pebbles (either from photos or from ‘master set’)

•

each pupil can then take his/her collection back to the classroom for further work

•

this could include writing descriptions of each pebble

•

these descriptions and collections can then be swapped and matched by other pupils

•

alternatively, or additionally, the pebbles can be identified (named) using the descriptions
given below which are couched in appropriately modified technical language

•

finally, and most importantly, each pebble should be linked to the geological processes that
created and shaped it - thus drawing out the ‘story’ that each pebble can tell about the area’s
geological past

Note that photos, descriptions and background information about eight different types of pebble
readily found at Crawton are provided below. Depending on the time available, you may wish to
restrict the number to less than the eight illustrated.
The absence of sandstone pebbles on these beaches is surprising at first sight, since this rock type
is common in the local strata. However, all the beaches at Crawton are ‘high energy’ environments
where softer rock types such as sandstone simply do not survive the regular pounding of the waves.
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3 Always take a notebook!
Our geological understanding of any area usually follows from a study of its outcrops. Though not
always readily and safely accessible, there are lots of outcrops at Crawton! Location Two in
particular has several interesting outcrops that are suitable for studying and recording information
that is reasonably obvious and relevant to the story of the local geology.
When an interesting outcrop has been selected for study, pupils should be encouraged first of all to
stand back and really look at it. They should think about all the different things they might want to
take down information about. Here is a list of questions that might help them look for the right
features. Of course they shouldn’t expect to find all these features in just one outcrop!
From a distance:
• are there obvious layers in the rock?
• if so, are the layers flat-lying or tilted? - and are they all the same? - or bent into different
shapes?
• are there any other patterns that look interesting? (look for regular patterns of cracks or
shapes)
• are there different looking rocks in the same outcrop?
• if so, how do they relate to each other? (one on top of the other - or side-by-side - or one
cutting across the other)
Then, from close up:
• think about all of the above questions again - you may be able to add more information when
you are closer and can see detail that you couldnʼt see before.
• what colours are there in the outcrop?
• and are there different colours in different parts of the outcrop?
• can you see if the rock is made up of crystals or bits of other rocks - or perhaps both?
• are there any other interesting features?
Having had a good look and a good think, they are ready to start recording information about their
outcrop. The best method is to make a labelled sketch of the outcrop. There is an example below
of a field sketch of an outcrop - and a photo to show the original outcrop. If a camera is available,
taking a photo is a good way to backup a sketch for cross-checking later.

Figure 16: This example of an outcrop and its field sketch is from the Edinburgh University School
of Geoscience website at http://www.geos.ed.ac.uk/undergraduate/field/fnb/sp1.html

There is more information about how to keep a proper field notebook on the same website.
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4 Making a story from the clues
The really satisfying part of a geologist’s job is looking at all the information recorded in the field and
finding that there are clues which fit together to tell a story about an area’s geological past. The
story of the rocks at Crawton is a really interesting one.
Here are some questions to help your pupils work out what happened, using the information they
gathered during their field trip.
• Where is the oldest rock unit that can be seen at Crawton?
• What kind of rock is it?
• What do we know about how that rock unit was formed?
• Which rock unit was formed next?
• What kind of rock is it?
• What do we know about how that rock unit was formed?
• And so on - until you come to the youngest unit.
This exercise should generate enough information to work out the series of events that gave rise to
the rock sequence at Crawton. The end-product should be a presentation which could take a
number of forms. A sequence of labelled sketches or cartoons would work well. More creatively,
your pupils could generate a dramatised story-board for a ‘Mind Movie’.
It is important to bear in mind that a lot has happened to these rocks since they were formed in the
southern hemisphere 415 million years ago. Today, they form cliffs, bays and headlands on a
spectacular piece of Scottish coastline in the northern hemisphere. Pupils should be encouraged to
think about all the processes that have changed these once deeply buried layers of rock into the
landscape we see at Crawton today.
An excellent website that can help them to find out what has happened to Scotland over this long
period of time can be found at:
http://www.scottishgeology.com/geology/geological_time_scale/time_scale.html
Click on the different geological periods to see maps showing what Scotland was like at the time.
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Intermediate and Higher Level
The outcrops at Crawton are excellent for engaging pupils in a wide range of field activities.
Some basic introductory activities are described in separate documents targeted at Levels
Two,Three and Four. They are designed to guide pupils through various processes of gathering
data from the landscape, from outcrops and from hand specimens, and then collating the data to
work out the geological history of the area.
Listed below are outlines of additional activities more suitable for pupils studying Geology at
Level Five. It is of course, up to teachers to select and develop particular activities that match
the abilities of their own pupils.

1 Taking field notes
There are lots of features of the local geology at Crawton that create opportunities for good notetaking activities. The following lists just some of them:

•
•
•
•
•
•
•
•

columnar jointing
faulted strata
dipping strata
relationships between lava flows and conglomerates
vesicles and amygdales
thicknesses of rock units (see 2 below)
feldspar phenocrysts in the lavas (see 3 below)
conglomerate clasts and matrix (see 4 below)

2 Representing a geological succession
The normal way for geologists to summarise the relationships in any local sequence of rock
strata is to draw up idealised vertical sections and cross-sections. This is relatively
straightforward at Crawton since the dip of the strata is consistently around 15 degrees to the
WSW. There is no obvious folding and the few faults have relatively insignificant throws.
However, it is obviously necessary for pupils to record thicknesses (or more probably estimated
thicknesses) for each rock unit that they identify. The lava flows at Crawton can be treated as
regular strata for the purposes of a local vertical section. On a regional scale, however, these
lava flows would not behave as continuous uniform sheets. For that matter, neither would the
conglomerates!
Making a geological map of Crawton is very much more challenging, principally because an
accurate topographic base map at a suitable scale is unavailable. The extremes of the third
dimension make even geological sketch mapping quite hard for the inexperienced.

3 Lava flow directions
Given that three of the lava flows contain large numbers of elongate feldspar phenocrysts, it
ought to be possible to gather sufficient data from the many outcrops to carry out a statistical
analysis and determine the directions of flow when the lava crystallised. However, in spite of
other geologists’ observations recording excellent examples of phenocryst flow alignment, pupils
may have difficulty in locating a sufficient number of convincing examples. Now there is a
challenge!

4 Conglomerates
Conglomerates can be classified according to the rock types represented by the clasts and by
the the relationship between the clasts and the matrix, if any. Although there are wonderful
technical terms that can be used to distinguish different types of conglomerate (the Crawton
conglomerates are technically described as polymictic orthoconglomerates!), the more important
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aspect for pupils acquiring fieldwork skills is the basis for classification. They should thus pay
particular attention to the range of rock types represented within an outcrop of conglomerate and
to the proportion of matrix present. The interpretation of how these conglomerates were formed
(as reported in The Geological Background section of the Teacher Notes) is largely based on
such observations. More about conglomerates and their classification can be found at:
http://en.wikipedia.org/wiki/Conglomerate_(geology)
Provided fresh enough exposures of conglomerates can be found, it may be possible to gather
statistical data about the rock types represented within different conglomerate layers at Crawton.
If not, it is certainly possible to carry out such an analysis of beach pebbles. Locations Three
and Six would make good ‘compare and contrast’ sites.

5 Size, roundness and sphericity
Clastic sedimentary rocks are made up of fragments of pre-existing rock. Apart from the rock
type(s) represented, perhaps the most important characteristics of the clasts are their size and
shape. There are well established standardised terms used to describe these characteristics
and the conglomerates and beach deposits of Crawton provide excellent opportunities for
practising the use of these descriptive terms. This topic will be covered in any general textbook
on geology. One of many internet sources of information is:
http://www.alun.flintshire.sch.uk/subjects/science/geology/wjecinset/Clastic%20Sedimentary
%20Rocks.pdf
The most commonly accepted size scale is summarised in the table below:

Size

Descriptive term

> 256 mm

boulder

> 64 mm

cobble

> 4 mm

pebble

> 2 mm

granule

> 1 mm

very coarse sand

> 0.5 mm

coarse sand

Closely related topics that could be explored include the sorting and maturity of clastic rocks.

6 The skill of estimating
Estimating dimensions is a skill that experienced field geologists and other scientists tend to take
for granted. It is not one, however, that many pupils are good at. Here is a suggestion for an
activity that involves making estimates and also requires pupils to consider the ‘densities’ of
different rock types in a practical context.
The challenge is to estimate the mass of a boulder (on the beach or within a conglomerate) from
its dimensions and probable specific gravity (SG). One of the main difficulties is, of course, in
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estimating the volume of a rounded or irregular boulder. Each pupil’s method for attempting this
should be discussed and explored in detail so that examples of effective techniques can be
shared and their individual merits debated. Pupils should also grasp that it is often not possible
to come up with a definitive answer with which the absolute accuracy of their estimate can be
compared. Sometimes an estimated value is all you can hope to get.
The other difficulty in carrying out this task is identifying the rock type represented by the
boulder. Below is a table of estimated(!) values that might be useful once the identification has
been made. As you can see, there is not a great deal of difference in the densities of the
common rock types at Crawton - with the consequence that this factor actually has little bearing
on an estimated value.

Rock type

SG (kg per cubic metre)

Sandstone

2700

Conglomerate

2700

Granite

2600

Andesite lava

2700

Schist

2800

Gneiss

2800

Extensions (or pre-cursors) to this activity could involve estimating the masses of other bodies
of rock - such as :
•

one square metre of lava three metres thick

•

one cubic metre of beach pebbles

•

one granite or sandstone block in the wall of a building

•

the entire granite (or sandstone) wall

•

the mass of rock extracted from Rubislaw Quarry; the hole has an estimated
diameter of 150 metres and a depth of 140 metres.
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INFORMATION SHEETS FOR THE PEBBLE ACTIVITY
Eight types of pebble found at Location Three, Crawton
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Descriptions of the eight pebble types

1. This type of pebble is mostly coloured red, sometimes a very bright red, but more commonly a
brownish shade of red. Patches, streaks and veins of other colours are common, usually white
or various shades of grey. The rock is very hard and does not break easily.
2. The most obvious characteristic of this rock is its layering which is sometimes folded so that
some or all of the layers are curved. Most of the rock is usually made of thicker pale layers
separated from each other by thinner dark grey layers. Notice how the layers look very different
when viewed from the side compared with from above. A faint rusty reddish colour is often
present throughout much of the rock and is unrelated to the layering pattern.
3. The main feature of this type of rock is the large number of small holes that occur throughout.
Where they are cut through on the eroded surface of the rock, they often appear as scooped out
hollows with very smooth inner surfaces. The shapes of the vesicles can be very variable from
perfectly spherical to elongate and irregular. The rock surface is usually coloured in various
shades of purplish grey and brown.
4. This type of rock is faintly layered, but it often needs to be wet (as in the photo) for the layering
to become obvious. The layers can be very close together or quite widely spaced, often in the
same specimen. The colours can be quite variable but are usually pale in shades of brown and
rusty brown.
5. This purplish or brownish grey rock is distinctive because of the many pale to white crystals that
occur throughout. The crystals tend to appear long and narrow, with parallel sides and
occasionally rectangular ends. They can be up to several centimetres long and may, or may
not be, aligned with one another. Other irregular and variously coloured shapes may also be
present on the rock surface.
6. At arm’s length, this rock type can appear quite uniformly speckled in appearance. Closer
examination reveals a tightly interlocking mass of crystals with no particular layering or patterns.
Most of the crystals are pale in various shades of pink, white and clear grey. Some are much
darker, even black, and sparkle in bright light.
7. This type of rock is closely related to numbers 3 and 5 and may share some of their features. In
addition, this rock has distinctive usually pale coloured shapes on its surface, sometimes
perfectly round in outline, sometimes more irregular. These shapes represent holes in the rock
that have been filled in with minerals. The commonest such minerals are white, but others may
be green or even reddish pink.
8. The main characteristic of this type of rock is the pattern of irregular stripes and streaks that cut
across the rock in lots of different directions, intersecting one another and creating eye-catching
patterns. Although the stripes are usually pale, the rest of the rock may be any colour, often
shades of red or green. Some irregular patterns may be distinguished in the rest of the rock,
but these are usually blurred and vague.
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Names of the eight pebble types - with comments
Image Description

A

B

C

D

E

7

2

3

8

5

Name

Comments

Amygdaloidal
lava

This type of lava was originally vesicular (see C below)
but the vesicles have been infilled with minerals
precipitated from fluids percolating through the rock. An
infilled vesicle is called an amygdale after the Greek
word for an almond, since the most common outline
shape is similar to that of an almond. The most
common minerals found as amygdales are carbonates,
zeolites and chlorites.

Schist

The schists found on this beach are metamorphosed
sedimentary rocks which were originally composed of
alternating layers of sandstone and mudstone. The
sandstone has been changed into hard pale quartzite
and the clay-rich mudstone into minerals belonging to
the chlorite and mica families. During metamorphism,
the layers were often buckled when the rocks were
squeezed horizontally.

Vesicular lava

When magma rises to the surface during an eruption,
large quantities of dissolved fluids turn into gases as the
confining pressure is reduced. These gases appear as
numerous bubbles in the erupting lava which then
become vesicles if they are trapped inside the rock when
it cools and crystallises.

Veined rock

Veining is a term that can be applied to any rock which
has been fractured and the resultant cracks infilled with
secondary minerals. The term comes from the similarity
to branching networks of blood vessels. The detail of
the veining pattern depends on the direction(s) of the
forces that shattered the rock. The most common
minerals that form veins are quartz and carbonates.

Porphyritic lava

Lava that has large crystals set in a matrix of much
smaller crystals has had two periods of cooling and
crystallisation. The first would have been very slow and
taken place at depth, possibly in a magma chamber.
Slow crystallisation is required for large crystals to form.
These large crystals (called phenocrysts) would have
been floating in the magma when it was erupted as lava.
Lava flowing on to the surface cools much more rapidly
and the resulting second phase of crystallisation creates
a matrix of closely interlocking much smaller crystals.
The texture of a rock with large crystals set in a matrix of
much smaller ones is termed porphyritic.
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F

G

H

1

6

4

Jasper

The jasper found on the beaches of this area was formed
under very special circumstances. Plumes of very hot
water rising from depth beneath an actively spreading
ancient ocean floor carried dissolved silica and iron up
into the sea water. It was then precipitated as a layer of
gel on the bed of the ocean. This gel later turned into a
rock called chert, of which jasper is an iron-rich variety.

Granite

Most granites are formed when large volumes of the
Earth’s crust at depth become so hot that they start to
melt. The molten rock forms a rising plume of magma
that eventually cools and crystallises before it reaches
the Earth’s surface. The conditions which cause such
large-scale melting are usually associated with colliding
plates and subduction zones. The conglomerates at
Crawton were formed from material eroded from
mountains created during just such a collision. The
granitic roots of these ancient mountains crop out
extensively today to the north-west of Crawton in the
Grampian Highlands. There may also have been granite
sources to the south of Crawton that are obscured by
younger rocks today.

Quartzite

This rock was once a sandstone made almost entirely of
quartz grains. It was heated and subjected to high
pressures which together caused the individual sand
grains to become welded together to form this particularly
hard and durable type of rock. The faint layers that can
often be seen in quartzites are the remains of the
sedimentary layers in the original sandstone.
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Glossary
The list below covers most of the technical words and concepts used in the text above:
Word or Phrase

Meaning in a geological context (underlined words listed
separately)

alluvial

deposited by a river or stream

alluvial fan

a fan shaped deposit of sand and gravel created where
a rapidly-flowing stream or river emerges on to a flat
plain; it is formed where the river’s energy for
transporting its load of sediment is suddenly greatly
reduced

amygdales

former gas cavities in a lava flow that have been in-filled
with minerals deposited by circulating ground-water;
amygdaloidal is the adjective

basalt

the commonest type of lava; fine-grained, dense and
dark in colour; relatively rich in iron, magnesium and
calcium compared with most rocks from NE Scotland

calcite

a common crystalline mineral composed of calcium
carbonate

cobble

the grain size of material that eventually becomes
sedimentary rock is often described by geologists in
order of increasing size as follows:
mud: silt: sand: pebble: cobble: boulder

clastic

a term used to describe sedimentary rocks composed of
fragments (clasts) of pre-existing rocks

columnar jointing

this regular type of jointing is created by shrinkage of
lava or magma as it cools and crystallises; since the
columns develop at right angles to the cooling surfaces,
horizontal lava flows tend to develop vertical columnar
jointing; rain water percolating down into the cracks as
they form may help to propagate them

conglomerate

a course-grained sedimentary rock largely composed of
pebbles, cobbles and boulders

contact

this word is usually used by geologists referring to the
outer surface of a body of igneous rock where it comes
in contact with another type of rock

Devonian

a geological period – see Silurian and Devonian below

differential weathering

this occurs when some parts of a rock are more
susceptible to the ravages of weathering than others; it
results in a rock surface with bumps (the more resistant
parts) and hollows ( the less resistant parts)
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dipping layers

when rock layers are tilted from the horizontal, the
direction of ‘dip’ is the steepest line of tilting on the
surface of a layer; the angle of dip is measured in
degrees from the horizontal

faults

these are fracture planes in bedrock across which
movement has taken place; amounts of movement
range from centimetres to tens of kilometres; the
direction of very large scale movements is often
horizontal rather than vertical

feldspar

a very common mineral found in most igneous and
metamorphic rocks; it is an aluminosilicate containing
varying proportions of calcium, sodium, potassium, and
other elements

flow units

a lava flow from a single eruption may be made up of
several pulses of lava which have flowed over one
another; each pulse is likely to produce a separate flow
unit

geological cross-section

these diagrams are used to represent a geologist’s
interpretation of the geological relationships along a
particular line of section: it is like taking a slice through
the rocks under an area and looking at their
relationships

glacial till

the unsorted mixture of boulders, pebbles, sand and fine
sediment deposited by moving ice sheets and glaciers

granite

a coarse-grained igneous rock made up of feldspar,
mica, and quartz; it is resistant to weathering and is
particularly common in NE Scotland

Highland Boundary Fault (HBF)

one of several lines of movement activated when two
continents collided obliquely over 400 million years ago
and ‘shredded’ Scotland into different geological strips;
at today’s surface level, the HBF separates the largely
sedimentary younger rocks of the Midland Valley from
the metamorphic and igneous rocks of the Highlands; it
stretches from Arran in the SW to Stonehaven in the NE

idealised vertical section

this type of diagram can be considered to represent
what a geologist thinks is likely to be found by a
hypothetical borehole drilled vertically through a local
rock sequence

igneous rock

members of this family of rocks have all crystallised from
molten magma or lava; common types include finer
grained members such as basalt and andesite as well
as coarser-grained granite, dolerite and gabbro

interbedded

one type of rock layer lying between layers (strata) of
another type
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jasper

a hard quartz-rich mineral coloured red because of its
iron content; commonly associated with submarine
volcanicity

joints

these are cracks in bedrock mostly related to flexing and
shrinking; cooling igneous rocks, for instance, often
contract and generate three-dimensional, patterns of
jointing

metamorphic rock

these rocks have been recrystallised at elevated
temperatures and pressures; they form one of the three
rock families into which nearly all rocks are categorised;
the other two families are igneous and sedimentary;
common types include schist, gneiss, slate and marble

Lower Old Red Sandstones

this is the name given to the thick stratigraphic
succession of characteristically reddish coloured
sedimentary rocks of Devonian age, mostly sandstones,
that outcrop in many parts of Scotland; the reddish
colour comes from the iron oxide that cements the sand
grains together and is associated with an origin in arid
conditions

outcrop

an outcrop exists wherever bedrock is revealed by the
removal of its usual cover of soil and loose rock debris
such as sand and gravel

phenocrysts

these are crystals in an igneous rock that are larger, and
therefore more obvious, than the others that make up
the rest of the rock

plate movements

the rock materials that form the surface layers of the
Earth are broken up into what are known as tectonic
plates; these plates move slowly in human terms but
their movements are responsible for nearly all major
geological features – and many smaller ones

porphyritic lava

lava with clearly visible phenocrysts

quartz

one of the commonest minerals and very resistant to
weathering; a form of crystalline silicon dioxide;
commonly the main constituent of sandstone since
quartz is the most durable mineral that remains when
pre-existing rocks are weathered and eroded

quartzite

a sandstone which has been at least partly recrystallised
to form an extremely tough rock largely composed of
quartz

sedimentary rocks

these rocks are composed of the recycled remains of
earlier rocks and living organisms; they tend to be
deposited in layers; common types include mudstone,
sandstone, limestone and conglomerate
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Silurian and Devonian periods

geological time is divided up into many named Periods;
the Silurian period lasted from about 443 to 417 million
years ago: the Devonian from 416 to 359 mya

spiracle

spiracles are formed in lava flows due to the injection of
steam into the flow interior when lava flows over wet
ground

stilbite

a less common mineral belonging to the chemically
complex zeolite group; often crystallises from hot
groundwater

strata

the usual term applied to layers of sedimentary rock

stratified

describes layered sedimentary rock

stratigraphic succession

a recognised sequence of sedimentary rocks

stratigraphy

the comparative study of sedimentary strata to try to
correlate sequences from different locations; the study
of the fossils they contain is the key tool used

till

see glacial till

vesicles

gas bubbles preserved as cavities in lava; formed as a
result of the release of enclosing pressure on magma
during an eruption
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