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Introduction
This field site offers superb opportunities to explore folding of sedimentary rocks and a famous volcanic vent.
In 1867, Archibald Geikie led a group of geologists including Charles Lyell and Roderick Murchison on a field
trip “along the shore to the east of St Andrews for the purpose of examining the singularly clear and
instructive sections of the Lower Carboniferous strata and the volcanic vents, which have been laid bare by
the sea”. The field site considered here is the same coastal strip visited so long ago by these famous
geologists. It runs from the East Sands (NO520160) east for 2.5 km to a position a short distance east of
Kinkell Ness (NO 541155).

Using this guide
This guide is written to as a resource to aid teachers in leading a field trip. It cannot be a complete package –
you'll need to do a site visit, carry out a risk assessment and choose localities and activities that are suitable
for your group and the theme that you want to explore. You might want to prepare material for pupils. The
text and figures in this guide are available as separate files from www.sesef.org.uk, where you will also find a
gpx file that can be downloaded to a handheld GPS unit to help you find the suggested localities.
We welcome feedback, ideas and examples of how you have used the guide. Contact us through the SESEF
website www.sesef.org.uk.

Overview of the geology
The key features of the site are:
•

Excellent exposures. Geological features are clearly displayed.

•

A sequence of sedimentary rocks whose structures and fossils show that they have been deposited
under deltaic conditions with occasional marine incursions.

•

Good examples of folds and faults including synclines, anticlines and domes.

•

An ancient volcano showing various phases of eruption and into which large masses of tuff and
sedimentary rock have subsided.

•

Basaltic and pyroclastic intrusions.

•

Glacial erratics, raised beaches, and an ancient sea stack now raised above the level of high tide.
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The sedimentary rocks were deposited in early Carboniferous times (about 340 - 325 million years ago), and
include mudstones, siltstones, dolomitic limestones, seat earths and coals deposited in just south of the
equator in tropical latitudes. Plant fossils and trace fossils are common and non-marine bivalves are present.
Occasional incursions of the sea left beds rich in marine bivalves, crinoids, brachiopods and bryozoa.
Folds (synclines, anticlines and domes) and faults are clearly visible, demonstrating complex deformation in
the late Carboniferous or early Permian age.
Features of basaltic volcanism are well displayed, particularly at the Kinkell Ness Neck that includes a
famous sea stack, the Rock and Spindle. Here there are thick-bedded tuffs which fell into the vent when the
volcano collapsed in on itself; basalt intrusions; numerous xenoliths; explosion breccia; and pale igneous
rock called white trap. The igneous rocks are of late Carboniferous - early Permian age, around 290 millio
years old.
The last major glaciation, which reached its peak about 20,000 years ago, has left erratics (e.g. dolerite,
fragments of sandstone, and Highland igneous and metamorphic rocks). Following glaciation, raised
beaches were established and on the lower raised beach, the Maiden Rock stands as an old sea stack now
raised above the level of high tide. The shoreline is being eroded so present-day landforms include cliffs, a
rugged wave-cut platform, and landslides.

History & heritage
The town of St Andrews sits on a broad promontory surrounded by sandy bays. The shape of the coastline
comes from contrasting properties of the underlying sedimentary rocks, with some tough, thick layers of
sandstone visible near the castle and the aquarium. St Andrews has long been a place of pilgrimage, and
legends tell of a bishop called Rule or Regulus, who in 370AD sailed from Patras in Greece carrying relics of
St Andrew (some bones and a tooth) and was shipwrecked at Muckross (‘headland of the boars’) in what is
now St Andrews Bay. You can read more about the history and heritage of St Andrews in Appendix 1.
St Andrews Castle dates from around 1200 with many episodes of destruction and renewal. In 1654 much of
the castle stone was removed to repair the harbour. The cathedral was similarly used as a source of building
stone.
St Andrews University has many geological connections, and offers an undergraduate Geoscience degree
course – http://www.st-andrews.ac.uk/gg/courses/ug/geosciences.shtml. Some famous names associated
with geology at St Andrews include
- James Forbes (1808 - 1868) physicist, glaciologist and mountaineer. He was a friend of Louis Agassiz and
he showed that glaciers moved like viscous fluids with the ice in the middle of the glacier moving faster than
the ice at the edges. Forbes also invented the seismograph.
- Matthew Heddle (1826 - 1897) chemist and mineralogist is best known for his work The Mineralogy of
Scotland (1901). He had a grand collection of minerals which is now mostly in the Royal Museum of
Scotland, Edinburgh.
- Thomas Jehu (1871 - 1945) set up the university Geology Department in 1903. He became professor at
Edinburgh in 1914.
- Charles Lapworth (1842 - 1920) was a teacher of English in Madras College. He became Professor of
Geology at Birmingham University and he proposed and named the Ordovician System. He was an authority
on graptolites and did much to elucidate the geological structures of the Southern Uplands and North-west
Highlands.

Links with the curriculum
A field trip to St Andrews can encompass a range of topics in the Higher and Intermediate 2 Geology
curriculum, including minerals and rocks, structural geology, isostasy and Earth history.
At both Higher and Intermediate 2 Levels the submission of a fieldwork report is a requirement of final
assessment. The report contributes 15 out of a total of 110 marks. The reports are marked in the school or
college. Marks are assigned under three headings:
•

Gathering of information (planning and organization of work; observation; recording)

•

Processing information (identification and description of geological features; geological content of the
report; presentation of the report)

•

Interpretation (quality of interpretations and the extent to which interpretations are justified)

St Andrews provides every opportunity for Higher and Intermediate 2 Level students to meet, and more than
meet, SQA field report specifications. While there is no SQA requirement for students at Access 3 and
Intermediate 1 Levels to undertake fieldwork, it would be beneficial for such students to study rocks in the
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field. This site has much to offer to those studying geology at any level or to anyone with an interest.

Sources of further information & support
GeoHeritage Fife have published two leaflets relevant to this part of Fife: St Andrews Geological Trail and
Dura Den Geological Trail. There is also a leaflet on the Jurassic Garden in Kinburn Park. Close to the Golf
Museum is a wall containing 22 rocks from different parts of Fife, also described in a GeoHeritage Fife
leaflet. The wall was constructed under the auspices of the St Andrews Geological Heritage Project. There is
some information online at http://www.st-andrews.ac.uk/gg/html/staghp.html or contact Richard Batchelor for
further information, rab@st-andrews.ac.uk.
This section of coast is described in MacGregor, AR, 1996, Fife and Angus Geology, Pentland Press.

Location maps, directions & local facilities

Figure 1: 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. Red circles mark the
suggested parking place at the Leisure Centre.

St Andrews is reached from the north via the A919; from the west via the A91; and from the south via the
A917, A916 or B9131. Turn off St Mary’s Street towards the East Sands Leisure Centre (Albany Park, KY16
8LH). Go past the Centre and park in the car park. Steps near the front of the Leisure Centre lead to the
beach. There are toilets in the entrance hall of the centre (payment required) or a short distance to the north
on the promenade.

Safety & conservation
This is a rocky shore partly backed by cliffs. Rock falls and landslides occur from time to time so hard hats
should be worn. Walking is difficult where the cliff base is cluttered with fallen blocks and is especially difficult
where the beds dip at a high angle. In addition, there are places where seaweeds make the rocks slippery. It
is essential that good quality footwear is worn. Parts of the suggested excursion are only possible at low tide,
so tides must be checked. Tide information is available from published tide tables or online at
http://easytide.ukho.gov.uk/EasyTide/EasyTide/SelectPort.aspx.
There is a cliff-top path along Kinkell Braes. For part of the way this path has a cliff-edge branch which
provides good views of the folds and faults on the wave-cut platform. The path descends to the shore at the
eastern end of Kinkell Braes, and the next section of path may be muddy and deeply incised by cattle
hooves.
You should follow the Scottish Fossil Code and the Scottish Outdoor Access Code, both published by
Scottish Natural Heritage. The shoreline is designated as a Site of Special Scientific Interest (SSSI), notified
for geological, grassland, wetland and coastal features and therefore should be treated carefully. Hammering
of bedrock exposures is not encouraged. Collection of loose fossils and other geological specimens is
generally ok, but you should follow the Scottish Fossil Code and exercise restraint.
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Suggested pre- and post-visit activities
Pre-visit
The teacher/lecturer should visit the field site, evaluate potential hazards, check tides and plan the field trip.
A checklist of features which students would be expected to study and report upon could be prepared.
During pre-briefing, the following could usefully be covered:
•
•
•

•
•

•

Planning and organising. Students are expected to say how they would plan the field visit, and to
organise work relating to the trip. Students should be made fully aware of the marking instructions so
they know exactly what is required of them.
Safety. e.g. appropriate footwear and clothing; use of hard hats; potential hazards in the field area.
Items which should be brought on the trip e.g. notebook; pens and pencils; camera; hand lens;
compass; clinometer; packed lunch; waterproofs; sun cream. If necessary, practice may be given in
the use of equipment. such as the compass and clinometer. The use of hammers and chisels is to be
discouraged and the collection of specimens, where allowed, should be kept to a minimum.
Advice on note taking in the field. It is important that notes are sufficiently detailed to allow students
to write their reports. A good example of a sample field notebook page is given in the South
Queensferry guide.
Field sketching. The examples given may provide a basis for discussion, e.g., of how much
extraneous detail (vegetation, boulders) should be ignored during sketching; and of how much
extrapolation and interpretation may justifiably be included. Generally, solid lines would be used to
show visible boundaries and other features. Dashed lines would be used to indicate boundaries and
features thought or known to be present but not actually visible.
Drawing sketch maps. Good examples of sketch maps are included in the South Queensferry guide.

Post-visit
The teacher/lecturer may wish to review the visit so that problems and difficulties which students have may
be discussed. Specimens should be studied. The student is required to produce a report on the field study.
This would involve processing data; preparing maps and illustrations; and perhaps constructing graphs and
tables. The report should meet, cover and include, in appropriate measure, the requirements given in the
marking instructions. It should be noted, for example, that presentation is given much less weight than
interpretation. While advice and guidance may be given, it should be noted that the fieldwork report should
be essentially the work of the student so teacher/lecturer input should not be overly significant.

Stratigraphy of the area

Figure 2: Part of the Carboniferous lithostratigraphy and the position of the St Andrews sequence within it.

Figure 3: Summary geological map of the local area.
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Brachiopods

Composita (Athyris)
[not illustrated]
Actinoconchus (Athyris)

Productus
Lingula

Bivalves

Naiadites

Aviculopecten

Schizodus
[image courtesy Edinburgh
Geological Society]

Crinoid fragments

[not illustrated]

Sanguinolites

Myalina

Burrows

Plant Fragments

Chondrites

Stigmaria
Figure 4: Common fossils found at St Andrews.
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Suggested localities
The localities described lie on a route from west to east along the shore. Some activities are suggested at
each locality, and pupils could also carry out standard activities such as observing and recording features
(e.g. sedimentary structures, fossils, faults, radial joints), field sketching, measuring (e.g. strike and dip,
displacement on a fault, plunge of a fold), interpreting geological processes (e.g. why volcanic tuff shows
vertical bedding) and interpreting past environments (e.g. conditions of deposition of thick sandstones).

Figure 5: Maps showing the localities described in the text.
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Location 1: Faults and plant fossils NO 5198 1589
The East Sands Leisure Centre sits on the lower raised beach and the old sea cliff can be seen sweeping
inland a short distance to the east. Descend to the beach at the Leisure Centre and move east.
The first rocks are deltaic sandstones. Water from a drain runs along the line of a fault, trending at 020º. On
the east side of the fault the beds strike north-west and dip to the south-west; on the west side of the fault the
beds strike north and dip steeply to the west. There is another fault shown by changes of strike where the
coastal path begins to ascend. Continue past the fallen blocks till you see the sequence of sandstones and
siltstones in the cliff base (NO 5228 1584; Figure 6). Small scale landsliding and ironstone nodules can be
seen. Many features of interest (e.g., ripple marks, plant fossils, weathering patterns) can be found in the
fallen blocks. Glacial erratic of igneous and metamorphic rocks are present. About 400 m east of where the
cliff begins to rise is the fossilised trunk of a large plant (Figure 7). The fossil lies in the bedding and like the
other plant fossils at this locality it has been carried by a stream and perhaps deposited on becoming
waterlogged. Ripple marks are common in the rock face.

Figure 6: Sandstone, siltstone and mudstone at base of
cliff.

Figure 7: Large tree trunk in sandstone (may not always be
visible due to shifting shingle)

By the small circular wall the beds strike at 080º and dip at 42º to the south. About 50 m before reaching the
large landslide there are two red-brown patches where ground water rich in Fe2+ from the solution of
ironstone and marcasite nodules has run onto the shore. On coming to the surface the Fe2+ has been
oxidised and precipitated as insoluble Fe3+ . In this area, too, slickensides may be seen on loose blocks.

Suggested activities:
1. Draw a sketch map of the area of the fault. Measure the strike and dip of the beds on each side of
the fault.
2. Explain why none of the plant fossils is in its growth position.[these fossils have been transported to
this location by river currents.]

Location 2: Landslide NO 5246 1582
Here, a large mass of rock has broken loose and slid
down the steep slope. Fracture surfaces at the top of
the slide can be examined on the walk back. The slide
material consists of sandstone fragments set in sticky
mudstone now turned to clay. It seems that slope
failure on curved surfaces has been followed by flow
of rock debris. Details of the mechanism of slope
failure can be found in the Advanced Higher Unit
‘Geology and Engineering’. Sliding occurs when the
slope becomes too heavy to support its own weight,
often because of water added by heavy rain. The
shear strength of rocks (the sliding force required to
cause failure) comes from cohesion (a measure of
how well the particles are stuck together) and friction
(the force which acts to prevent movement down
slopes).
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The presence of water reduces strength because the water pressure reduces contact between particles and
so reduces the frictional component of shear strength. Note that the water does not provide lubrication - it
provides uplift.
The sandstone fragments at the base of the slide are rich in plant fossils, and in burrows and trails. A type of
burrow called Chondrites is found as ironstone nodules (see Figure 4).

Suggested activities:
1. Study the slide material. What are the main constituents? [sandstone fragments and clay.] What is
the source of the clay?[mudstone.]
2.Draw a section through the landslide from its head to its toe. Explain why the slope failed at this point.
3. Find and study the trace fossils and plant fossils in the fragments of sandstone. Make annotated sketches
of the fossils.

Location 3: The Maiden Rock, the Maiden Rock Syncline and fault NO 5265 1580
The Maiden Rock is an ancient sea stack formed about 6,500 years ago when its base lay beneath the level
of high tide. It was then isostatically raised above present sea level. The Maiden Rock consists of well-jointed
sandstone with vertical bedding.

Figure 9: Maiden Rock and the Maiden Rock syncline
Figure10: Vertical block within the Maiden Rock Fault Zone.

Slightly to the east of the Maiden Rock is the Maiden Rock Syncline. On the western limb of the fold the
strike is 015º and the beds dip to the west at 044º. Approaching the core, the strike is 013º and the beds dip
to the west at 072º. On the eastern limb close to the core the strike is 55º and the beds dip to the north-west
at 50º. A short distance to the east, the strike is 054º and the beds dip to the north-west at 35º. The core of
the fold is somewhat open so it is not easy to accurately fix the direction (about 020º) and angle (about 30º)
of plunge.
About 50 m down shore from the Maiden Rock a marked change of strike and dip indicate the position of the
Maiden Rock Fault. The fault line trends at about 055º. On the north-west side of the fault the beds lie outwith
the Maiden Rock Syncline and they strike at 088º and dip to the north at 31º. On the south-east side, the
beds within the syncline strike at 030º and dip at 52º to the north-west. There is a jumbled mass of rocks
within the fault zone. (One large block has been twisted into a vertical position.) No fault breccia can be
seen.

Suggested activities:
1. Measure the strike and dip of the beds across the fold. Draw a sketch map of the fold. Account for
the fact that the beds on both limbs of the fold dip in the same general direction.
2. Measure the strike and dip of the beds across the fault . Draw a sketch map to show the line of the fault
and the strikes and dips of the beds on each side of the fault.
3. Account for the fact that the stack is now located above the level of high tide.
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At this point you may take one of two routes.
Route 1: Ascend to the cliff top path. The walking is easy and it is easy to see the folds and faults
exposed on the wave -cut platform. It is generally safe to look down from the cliffs but sensible
precautions must be taken, and visibility is somewhat obscured when the vegetation is high. The path
returns to the shore at Location 7 soon after passing Kinkell Cave Dome.
Route 2: Continue along the shore (only possible at low tide). The advantage of this route is that you may
closely examine rocks and structures. However, walking is very rough and difficult, because of steep bedding
and fallen blocks, . People taking this route have to be properly shod and reasonably fit. This route takes
much longer so if time is an issue take Route 1.

Location 4: The Saddleback Anticline NO 5289 1578
The Saddleback Anticline is about 200 m east of the Maiden Rock. The beds on the western limb strike at
025º and dip at 35º to the west. The beds on the eastern limb strike at 350º and dip at 46º to the east. The
fold plunges at 25º to the north-east. The fold is cut by two obvious faults. One strikes at 302º while the other
main fault strikes at 292º. The main fault is ostensibly a sinistral tear fault since the beds on the western limb
of the fold show left-lateral displacement by several metres (Figure 11). However, faulting is rather more
complex than this. The fact that a bed of sandstone has been bent into a vertical or near vertical position on
the north-east side of the fault plane indicates downward movement to the north-east. Also, on the eastern
limb of the fold, slight right-lateral displacement may be seen. This may indicate horizontal dextral slip or
upward movement on the north-east side of the main fault.

Figure 11: Saddleback Anticline, seen from the cliff path at
NO 5274 1573. Note the left-lateral fault displacement on
the west (left hand) limb.

Figure 12: Flame and load casts in sandstone, exposed in
the cliff in the core of the Saddleback Anticline.

Cross-bedding is evident on the eastern limb, and load casts and flame structures can be seen in the cliff
face on the western limb (Figure 12).

Suggested activities:
1. Measure the strike and dip of the beds across the fold. Find the direction and angle of plunge.
Study the faults. What types of faults are present and how have they displaced the rocks? Draw a
sketch map of the fold with the faults shown.
2. Make sketches of the load casts and flame structures. How were these structures formed?

Location 5: Marine band and coloured sandstone NO 5298 1575.
This is a small cove where water from a drain runs on to the cliff face. About 40 m west of the cliff are purple
and brown rings and bands running through the sandstone (Figure 13). These appear to be liesegang rings
formed by the solution and precipitation of oxides of manganese. In the cove is a succession of finely bedded
siltstone, sandstone and mudstone with partings of ironstone. (Strike 025º, dip 53º SE). The marine band
which is broken by a small fault is packed with fossils, which are mostly bivalves (Figure 14).
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Suggested activities:
1. Take photographs of the coloured rings and bands running through the sandstone. Suggest a
mechanism by which they have formed.
2. Study and identify the body fossils.

Figure 13: Liesegang rings of manganese oxides in
sandstone

Figure 14: Marine band with bivalve fossils, with ironstone
and mudstone.

Location 6: The Kinkell Cave Dome and Neck (seen from cliff path NO 5313 1577)

Figure 15: Kinkell Cave, seen from the shore

The cave in the core of the fold was eroded at a time
of higher sea level after the ice age. On the dome, the
strike and dip change from north-west to south-east
as follows: strike 62º,dip 24º NW; strike 110º, dip 15ºN;
strike 14º, dip 16ºE. The neck of pale-coloured
volcanic breccia lies towards the low tide mark, and is
rich in xenoliths of sedimentary rock. This rock is
tuffisite. By general usage, tuffisite is tuff which forms
an intrusion (but it has also been defined as “a rock
consisting of a mixture of pyroclastic and sedimentary
detritus, especially ash and fine sediment” and as
“volcaniclastic rocks and sediment which have 2575% by volume of pyroclastic fragments”). In this case
the tuffisite is 'white trap' tuffisite that would have
originally been dark in colour, but the original minerals
were altered to white minerals by chemicals given off
by the surrounding rock when they were heated by the
intrusion.

Figure 16: Kinkell Cave dome, viewed from the cliff path.

Figure 17: Pale-coloured tuffisite in the Kinkell Cave neck,
with a xenolith of sedimentary rock.

A short distance up the shore (at NO 5316 1577) is a melange of sedimentary rock fragments which seem to
have been broken up by steam generated by the heat of the intrusion. This type of rock has been described
as tuffisitic breccia because fine-grained tuff fragments have been fluidised by the steam and injected as a
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gas-driven fluid among the fragments of brecciated sedimentary rock. Again by common usage, tuffisitic
breccia is volcanic breccia which forms an intrusion. A short distance east of this location you can see an
east-striking fault. Cross-bedding is also in evidence.

Suggested activities:
1. Measure the strike and dip of the beds around the fold. Draw a sketch map of the fold.
2. Study the body of pale rock found at the level of low tide. How has it been formed? Identify the rock
types found as xenoliths.
3. Study the mass of broken-up sedimentary rock. How has this rock been broken up?

Location 7: Syncline and convolute bedding NO 5331 1573
Here, the path from the cliff top descends to the shore (Figure 18) where a wide syncline is in evidence. The
beds on the western limb of the syncline strike at 180º and dip to the east at 28º; the beds on the eastern
limb of the syncline strike at 030º and dip to the west at 32º. Continuing to the east you will see a fine display
of cross- bedding, convolute bedding and dewatering structures. The dewatering structures look like small
upward-pointing cones where water has risen and escaped from the saturated sand. Convolute bedding
forms where the sand is wet and fluid. It may be caused by sand sliding down a shallow slope or by the
sediment becoming partially liquified when water rising and being expelled from the sediment lifts and
separates the sand grains to create quicksand conditions.

Figure 18: General view of the syncline, where the cliff path
descends to the shore

Figure 19: convolute bedding caused by water movement
through unconsolidated sediment.

Suggested activities:
1. Measure the strike and dip of the beds on each limb of the syncline. Draw a sketch map of the fold.
2. Take photographs of the cross- and convolute bedding. How have these types of bedding formed?
Continue east till you reach the ancient volcano of Kinkell Ness Neck with its famous sea stack called
the Rock and Spindle.

Location 8: Kinkell Ness Neck - the Rock and Spindle NO 5384 1559
The eruptions that formed the neck were phreatic. That is, the volcanic pipe was drilled by steam from
groundwater being boiled by heat from rising magma. The rock in the gas stream was thoroughly broken up.
A large volcanic cone then built up, composed of ash and larger fragments. Each phase of eruption was
followed by collapse of bedded tuffs from the cone back down the neck. Finally, basaltic magma was
intruded into the neck to form dykes and cylindrical masses.
Approaching the neck from the west the sandstone surrounding the neck can be seen to be dipping at a low
angle (strike 065º; dip 19º NW). Just inside the neck margin there are large xenoliths of sandstone (two of
which are vertical) separated by volcanic breccia. Towards the sea from this and still within the neck is a
white mudstone with ironstone nodules. Originally, the mudstone would have been black but its carbon has
been removed perhaps by reaction with steam.
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Figure 20: volcanic breccia and sandstone blocks near the
western margin of the vent

Figure 21: sandstone blocks, some with near-vertical
bedding near the western margin of the vent

There are three sea stacks. The first, westernmost stack, where the path comes to the shore, shows volcanic
breccia with numerous xenoliths. A small headland a short distance to the east shows tuffs in which the
bedding is close to being vertical. Such steep bedding shows that the this tuff has fallen as a consolidated
mass down into the neck of the volcano. Xenoliths of limestone are common.

Figure 22: Kinkell Ness Neck, and the three stacks seen
from the NE. The Rock and Spindle is on the left.

Figure 23: Close up of bedded tuff from the headland east
of the first stack, with fragments of variable sizes and a
basalt bomb.

The second stack shows bedded tuffs also with vertical dip. Again, the tuff has fallen into the volcano. The
third stack is the Rock and Spindle. It is so called because of its resemblance to equipment once used to
spin wool and flax. For such spinning, Scottish women used a rock and reel - that is, a distaff and spindle.
Rocks and spindles were replaced by spinning wheels by about 1740.
The tall part of the stack is the Rock. It consists mainly of agglomerate rich in large xenoliths of fragmented
basalt, with a dyke on the north-western side of the stack. The Spindle, on the south-eastern side of the
stack, is the circular section, with radial columnar joints, of a cylindrical intrusion of basalt. The joints may be
seen in section on the north-eastern and south -western walls of the stack. Also, the Spindle has a rim of
white trap sometimes called ‘bleached basalt’.
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Figure 24: The Spindle, showing radiating columnar jointing
and dyke on the left.

Figure 25: Columnar joints seen in section on the west side
of the Spindle.

On a bearing of 042º from the Rock and Spindle part of a large xenolith protrudes as a mass of limestone
with crinoid fragments (see Figure 4). This limestone is of a type found 600 m higher up in the stratigraphical
sequence, so this block has fallen 600 m down into the neck. Recent piddock burrows in the limestone are
now above the level of high tide, showing isostatic uplift in recent times.
On the south-east side of the neck, a narrow dyke runs for about 50 m away from the neck. It starts at the
north-west end of the Rock and Spindle where it is about 25 cm thick, and runs at 280º. Outside the neck it
trends at about 255º.
About 30 m to the southeast of the margin of the neck is a mass of sedimentary rock (tuffisitic breccia)
fragmented by a steam eruption. In wet weather, this explosion fissure is marked by the line of a stream.

Suggested activities:
1. Explain why large masses of sandstone some with vertical bedding - are found within
the neck.
2. How has the bedded tuff been formed? Explain why
large blocks of vertically bedded tuff are found within
the neck.
3. Study and identify the xenoliths. Note and account
for the differences in size. Do the xenoliths indicate
that volcanic activity has occurred in one or many
phases?
Figure 26: Tuffisite breccia in explosion fissure about 30 m
SE of the neck.

4. Study the jointing in the Spindle. How has this
pattern of jointing been formed?

5. Study the strip of white rock close to the western edge of the neck. Is this rock igneous, sedimentary or
metamorphic? Explain why it is white.
6. How have the burrows in the xenolith of crinoidal limestone been formed? What does the presence of the
burrows indicate about isostatic uplift?
7. Write a history of the events which formed this ancient volcano.

Location 9: Dyke of pale volcanic breccia (tuffisite) NO 5395 1549
Location 9 is marked by the presence of a protruding raised cliff, formed by a dyke which cuts through the
sandstone in the cliff behind. The tuffisite may be examined in detail on the shore. Xenoliths of sedimentary
rock are common. An obvious fault plane on the eastern side of the dyke strikes at 344º and dips at 53º to the
south-west.
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Suggested activities:
1. What type of intrusion is formed by the
tuffisite? Explain why this intrusion has been
described as a ‘dyke-like volcanic vent’.
2. The rock making up the intrusion has been
described as white trap. How has white trap been
formed?

Figure 27: Tuffisite dyke intruding sandstone on left and
right.

Location 10: Sandstone with plant fossils NO 5440 1547
About 50 m east of the tuffisite intrusion is a ripple-marked sandstone which is rich in the fossils of large and
small roots.

Figure 28: Sedimentary sequence of sandstone, mudstone and
ironstone.

Figure 29: Ripple-marked sandstones with plant fossils.

Suggested activity:
Study the fossil roots. What do the fine black partings in the rock represent?

Location 11: The Craigduff Necks and marine band NO 5409 1548
A short distance east of Location 10 is a small patch of salt marsh. The Craigduff volcanic necks are a short
distance down shore. The necks consist of dark xenolithic basalt and pale tuffisitic breccia. The western neck
shows a sharp contact with sandstone and siltstone and a dyke trending at 110º can be seen leaving the
neck. On the wave-cut platform about 50 m west of this neck the sandstone has a strike of 050º and it dips at
14º towards the north-west.
The eastern neck also shows sharp contacts with the sedimentary rocks. The sedimentary rocks have a
strike of 038º and dip at 20º towards the north-west. At the eastern end of the salt marsh cross- and
convolute bedding are well displayed in the sandstone. On the landward side of the neck is a pale-brown
dolomitic marine limestone (’Myalina’ limestone) packed with bivalves (Schizodus – see Figure 4). Beneath
the limestone is a thin low-ranking coal with underlying seat earth. Close to the neck the coal, richly veined
with dolomite, has been metamorphosed to become shiny and anthracite-like. Faults may be seen in this
area. The most obvious has a strike of 133º while another strikes at 110º.
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Figure 30: Eastern Craigduff Neck, xenolith of dark
sedimentary rock surrounded by pale tuffisite.

Figure 31: Western Craigduff Neck, contact between pale
tuffisite on left and pale sandstone and dark siltstone on
right.

Suggested activities:
1.Study the contacts between the necks and the sedimentary rocks. To what extent have the
sedimentary rocks been metamorphosed?
2.Explain the rank of the coal changes as it comes closer to the neck.
Location 11 is the final locality. Return to St Andrews by the coastal path, with good views of the
fracture surfaces at the top of the landslide from the path above Location 2.

Further information on the history & heritage of St Andrews
Religion
St Andrews - the Scottish Canterbury - was for long a place of pilgrimage. One legend among others tells us that Andrew,
disciple of Jesus and brother of Peter, was crucified on an X-shaped cross at Patras, Greece on 30th November, 60AD. In
345AD the Roman Emperor Constantine attacked Patras and had Andrew’s bones taken to Constantinople. But Rule or
Regulus, the bishop of Patras, had heard of the Roman approach so he hid some bones and a tooth. In 370AD Rule was
told in holy dreams to take the relics to the westernmost island of the Earth. So Rule with sixteen monks and three nuns
sailed away for many a day till they were shipwrecked at Muckross (‘headland of the boars’) in what is now St Andrews
Bay. (The town seal of St Andrews shows St Andrew on the cross with a boar under an oak tree. The motto is Dum spiro
spero (While I breathe, I hope.) St Andrews has previously been known as Cennrigmonaid, Kilrymont and Kilrule. The
name St Andrews was used from about 1140 when David I made it a royal burgh.) Another account has it that in about
750AD Bishop Acca brought the relics of St Andrew from Hexham and at Kilrymont, on ground already dedicated to the
Columban St Rule, built the church of St Andrew. The Celtic Culdee (‘servants of God’) community was here from the 8th
century and their church (St Mary of the Rock) dates from the 9th or 10th century. In 906AD Kilrymont became the seat of
the Bishop of Scotland. Bishop Robert (elected 1124) began the construction of St Rule’s Church with its distinctive
square tower. Bishop Robert also founded the adjacent Augustinian Priory in 1144. Its magnificent wall was built in about
1516. The chief gate is called the Pends. (A pend is an arch or arched passageway.) [A Dominican Monastery on the
south side of South Street was founded by Bishop Wishart in 1274 and a Greyfriars Monastery to the north of the West
Port was founded by Bishop Kennedy in 1450.] In 1160 Bishop Arnold founded St Andrews Cathedral. It was completed
in 1318 and consecrated by Bishop Lamberton in the presence of Robert the Bruce. In 1538 James V and Mary of Guise
were married in the cathedral.
St Andrews was much involved in the turmoils of the Reformation. Protestant heretics Patrick Hamilton (1504 - 1528),
Henry Forrest (died 1533), George Wishart (1513 - 1546), and Walter Myln or Mill (1478 - 1558) were tried in the
cathedral then send to be burned. Wishart’s death led to the taking of St Andrews Castle by displeased Reformers and
the murder of Cardinal Beaton (1494 - 1546) by James Melville and Peter Carmichael. (‘Although the loon was well
away, The deed was foully done.’) The Reformers held the castle till July 1547 till it was taken with help from the French.
John Knox (1512 - 1572) who had joined the murderers in the castle was sent as punishment to the galleys at Nantes.
The death of the aged Myln stirred nationwide resentment and the Reformers took St Andrews in 1559. John Knox, who
had lived in England and Switzerland after nineteen months in the galleys, now returned to Scotland. In June 1559 he
preached in St Andrews on ‘The Cleansing of the Temple’ and his congregation duly stripped the Cathedral of its icons
and altars.

St Andrews Castle
In its earliest form the castle was an episcopal residence built by Bishop Roger in about 1200. It was much bruised and
repaired during the Wars of Independence and was held for a time by Edward I. The castle was taken by Edward Balliol
in 1332 during his attempt to take the Scottish crown. Andrew Moray retook it for David II in 1336 and pulled it down. The
castle was rebuilt as a stronghold by Bishop Walter Traill during the 1390s. James III was born here in 1452. The castle
was damaged during the siege (1546 - 1547) to eject the Reformers and was repaired by Archbishop Hamilton. In 1583
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the castle gave refuge to James VI after his imprisonment by the Earl of Gowrie in Ruthven Castle (Hunting Tower).
Subsequently, the castle fell into a state of disrepair and in 1654 much of it was removed to repair the harbour. The
cathedral was similarly used as a source of building stone.

The Oldest University in Scotland
At the behest mainly of Bishop Henry Wardlaw, teaching began in 1410 and in 1413 full university status was bestowed
by Pope Benedict XIII. St Salvator’s College was founded by Bishop James Kennedy in 1450; St Leonards College was
founded by Archbishop Alexander Stewart and Prior John Hepburn in 1512; and St Mary’s College was founded by
Archbishop James Beaton in 1538. Alexander Stewart was killed with his father James IV at Flodden in 1513. In 1747 St
Salvator’s and St Leonard’s became United College. In 1889 University College of Dundee became part of St Andrews
University then in 1967 it became part of the University of Dundee. After the Reformation, St Andrews was no longer an
ecclesiastical centre so the town’s fortunes declined. In 1697 it was suggested that the university be moved to Perth
because, as was said of St Andrews, ‘the streets are foul and full of noisome pestilence and the town’s-folk do not look
favourably upon learning’.
A huge number of well-known people have been associated with the university. Rectors have included Fridtjof Nansen,
Arthur James Balfour, Arthur Primrose (5th Earl of Rosebery), Douglas Haig, Jan Smuts, Guglielmo Marconi, J.M. Barrie,
Andrew Carnegie, David Maxwell-Fyfe, J.S. Mill, J.A. Froude, Rudyard Kipling, and Learie Constantine. From 1970
people such as John Cleese, Nicky Campbell, Nicholas Parsons and Tim Brooke-Taylor have filled the post. Chancellors
included Douglas Haig, Stanley Baldwin, Henry Dundas, R.B. Haldane, and Bernard Fergusson. The Duke of
Cumberland was chancellor from 1746 till 1765. The present chancellor is Menzies Campbell. Students have included
James Crichton (‘The Admirable Crichton’), Patrick Hamilton the martyr, James Graham (5th Earl and 1st Marquis of
Montrose), John Napier, Robert Fergusson, and Prince William.

Famous scientists included:
 David Brewster (1781 - 1868), Principal of United College. Brewster was a physicist who specialised in the study of
light. He invented the kaleidoscope and had improved lenses put into lighthouses.
 D’Arcy Thompson (1840 - 1948) zoologist, ,mathematician and classical scholar who specialised in the study of
fisheries and whaling. His defining work On Growth and Form was published in 1917.
 James Gregory (1638 - 1675) mathematician and astronomer, invented the reflecting or Gregorian telescope. He was
a friend of Isaac Newton and his name was actually Macgregor. However, this name had been proscribed so Bob Roy
Macgregor and his relatives, of whom James Gregory was one, called themselves ‘Gregory’.
 James Forbes (1808 - 1868) physicist, glaciologist and mountaineer. He was a friend of Louis Agassiz and he
showed that glaciers moved like viscous fluids with the ice in the middle of the glacier moving faster than the ice at the
edges. Forbes also invented the seismograph.
 Matthew Heddle (1826 - 1897) chemist and mineralogist is best known for his work The Mineralogy of Scotland
(1901) He had a grand collection of minerals which is now mostly in the Royal Museum of Scotland, Edinburgh.
 Thomas Jehu (1871 - 1945) set up the university Geology Department in 1903. He became professor at Edinburgh in
1914.

Famous clerics and philosophers included:
 John Major (or Mair) (1469 - 1550) was Professor of Philosophy and Divinity at Glasgow University and became
Principal of St Salvator’s in 1533. He wrote books on logic, theology and on the History of Greater Britain, both England
and Scotland (1521). His students included John Knox, George Buchanan and Patrick Hamilton.
 Thomas Chalmers ((1780 - 1847) theologian, chemist and mathematician. He became Professor of Moral Philosophy
at St Andrews in 1823. In 1843 he led the Disruption and founded the Free Church of Scotland.
 George Buchanan (1506 - 1582) ‘the most illustrious scholar of the Scottish Reformation’ became Principal of St
Leonard’s College in 1566. He was tutor to Mary Queen of Scots and to her son James VI. It is said that his severity
gave James nightmares for the rest of his life. Buchanan wrote against the Divine Right of Kings which did not overly
please James.
 Andrew Melville (1545 - 1622) a superb linguist, was Principal of Glasgow University and then of St Mary’s College.
In both places he greatly improved the standard of education. He was a committed religious reformer and he opposed
James VI’s attempts to introduce Episcopacy to Scotland. His views led to his spending four years in the Tower of
London.
 John Knox (1513 - 1572) a Catholic priest was influenced by George Wishart to follow the teachings of Martin Luther.
Knox joined the reformers in St Andrews Castle after the burning of Wishart in 1546. After the fall of the castle he was
sent to the French galleys. In 1549 he went to England and was chaplain to Edward VI. When Mary I of England came to
the throne, Knox fled to the continent where he was strongly influenced by John Calvin. In 1557 the Reformation
gathered strength when the First Covenant or Bond was signed by a group of lords stating their intention to overthrow
the Roman Church. Knox returned to Scotland in 1559 and after the death of Mary of Guise in 1560 helped establish
Protestantism and was made minister of St Giles.
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Madras College
The building of the school was funded by a bequest from Andrew Bell (1753 - 1832) a native of St Andrews who went to
Madras in 1789 and, while in charge of the Madras Military Orphanage, developed the Madras or Monitorial system of
education in which older pupils taught younger pupils. He came back to England in 1796 and left a large sum of money
to the town and University of St Andrews. He was buried in Westminster Abbey and a year after his death Madras
College opened.
Charles Lapworth (1842 - 1920) was a teacher of English in Madras College. He became Professor of Geology at
Birmingham University and he proposed and named the Ordovician System. He was an authority on graptolites and did
much to elucidate the geological structures of the Southern Uplands and North-west Highlands.

St Leonard’s School and Sixth Form College
The private St Andrews School for Girls was established in 1877 with Louisa Lumsden as first headmistress. In 1882 the
school moved from Queen’s Gardens to the house and lands of St Leonard’s.

Some people associated with St Andrews
 Robert Chambers (1802 - 1871) publisher and geologist lived for a time in St Andrews. His book on evolution
Vestiges of the Natural History of Creation (1844) was published anonymously. He edited Chambers Encyclopaedia
(1859 - 1868) and wrote A Biographical Dictionary of Eminent Scotsmen (1832 - 1834).
 Lyon Playfair (1819 - 1898) chemist and politician, was Professor of Chemistry at the University of Edinburgh (1858
-1868) and MP for St Andrews and Edinburgh Universities 1868 - 1880. He was Postmaster-General 1873 -74. He did
valuable work on coals best suited for naval vessels and on the causes of accidents in mines. He was in David
Livingstone’s class at the Andersonian Institute, Glasgow and gave sound advice to James Young Simpson who was
investigating the anaesthetic properties of various chemicals.
 Mary Queen of Scots (1542 - 1587) often visited St Andrews 1561 - 65 perhaps to visit her half-brother James, Earl
of Moray, who was Commendator of St Andrews Priory. For some of these visits she stayed in what is now called Queen
Mary’s House at the cathedral end of South Street. In 1563, while she was staying in Rossend Castle, Burntisland, Pierre
de Bocosel, Seigneur de Chastelard, a member of her French entourage was found hiding in Mary’s bedroom. The
lovestruck Chastelard had done this before but this time, instead of being admonished and released, he was taken to St
Andrews for execution. Mary left her Greek and Latin books to the university library but they were instead kept by John
Wood, secretary to her half-brother who had become Regent on behalf of the young James VI. James VI(1566 - 1625)
visited St Andrews in 1617.
 Charles II (1630 - 1685) landed in Spey Bay in 1650, visited St Andrews and was crowned at Scone on January 1st,
1651. This drew Cromwell into Scotland. He defeated the Scots at Dunbar then progressed up the east coast. Cromwell
came as far as Burntisland before going back to fight the Battle of Worcester. Monck brought the army on and took St
Andrews on 30th August, 1651. The town stayed under military control till the Restoration. Oddly enough, it was Monck
who put Charles back on the throne.


Daniel Defoe (1660 - 1731) visited during his tour of Britain 1724-26. He called St Andrews ‘a handsome city‘.

 James Boswell (1740 - 1795) and Samuel Johnson (1709 - 1784) visited in 1773. They found the university to be in a
state of decline.
 Walter Scott (1771 - 1832) came to St Andrews on at least three occasions. On his first visit in 1793 he cut the name
of his love, Williamina Belsches ‘in runic characters on the turf beside the castle-gate’.
 Visitors from the USA include Benjamin Franklin (1706 - 1790) who came in 1759; Henry Wadsworth Longfellow
(1807 - 1882) who wrote: ‘Well have I seen that castle - That castle by the sea,’; and Dwight D. Eisenhower (1890 1969) who in 1946 came to play golf.

Golf
There have been many ancient games with a crude similarity to golf. Roman soldiers played paganica a hockey-like
game. From the 10th century the Chinese had suigan or chuiwan - ‘a game in which you hit a ball with a stick while
walking’. A stained-glass window dated 1350 in Gloucester Cathedral shows a figure swinging a stick. The French had a
game called jeu de mail which became pall mall in London. The Belgians had a game called chole and in the 13th century
the Dutch had a game called colf. In winter the colfers directed shots at poles on the ice. It is likely that trade with
Holland brought the game to the east of Scotland. It is known that Scotland exported wooden golf clubs to Holland and
imported colf balls. Also, old paintings shows Scots playing golf on ice. Fixed coastal sand dunes (links) with grass
grazed short by sheep and rabbits, and with natural bunkers, provided ideal ground on which the present game would
develop. Golf had become so popular by the middle of the 15th century that it was interfering with the practice of arms
and archery. In 1457, James II issued his famous edict ‘futeball and golfe be utterly cryit doune and nocht usit’. Similar
edits were issued by James III and James IV. James IV took up the game after his marriage to Margaret Tudor brought a
period of peace with England. Mary Queen of Scots was a keen golfer and when her son took the throne of England he
had a seven-hole course laid on Black Heath near London.
Golf being played at St Andrews is first mentioned in 1552 though it may have been played for three centuries before
that. The first club at St Andrews - The Society of St Andrews Golfers - was formed in 1754. Like the oldest club - The
Honourable Company of Edinburgh Golfers (formed 1744) - they played in red coats. In 1834 William IV became club
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patron and the St Andrews club was designated ‘Royal and Ancient’. At this time there were seventeen clubs - fourteen in
Scotland, two in England and the Royal Calcutta in India. The present Old Course dates from about 1840. In 1764 the
number of holes had been reduced from twenty-two to eighteen. The New Course was laid in 1895; the Jubilee Course in
1897; and the Eden Course in 1912. The first club for women - The St Andrews Ladies Golf Club - was founded in 1867.
Famous golfers: In 1858, with a score of 79, Allan Robertson (1815 - 1859) was the first person to break 80 on the Old
Course. (A book written during the 1890s says ‘The average number of strokes for very good players is from 87 to 97.’)
Robertson’s chief apprentice was Old Tom Morris (1821 -1908). (Robertson sacked him for using a gutty ball, though
Robertson later switched from using a featherie to a gutty.) Morris went to Prestwick as green keeper, ball-maker and
club-maker. He came back to St Andrews and was green keeper for the Royal and Ancient for forty years. The first Open
was held at Prestwick in 1860. Old Tom, the Nestor of Golf, came second but subsequently won it four times. His son,
Young Tom Morris (1851 - 1875) also won the Open four times with his first success coming at the age of 17. William
Auchterlonie (1873 - 1963) won the Open in 1893.
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geoHeritage Fife
(incorporating Fife RIGS)

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

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

] Area of the curriculum [

]

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

Good

Average

Poor

N/A

Comments:

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

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