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Introduction
The famous Scottish geologist Sir Archibald Geikie said, “If I were asked to select a region in the British Isles
where geology could best be practically taught by constant appeals to evidence in the field, I would with little
hesitation recommend the east of Fife as peculiarly adapted for such a purpose.” The field site considered
here, a coastal strip 2.5 km long centred on St Monans in the East Neuk of Fife, fits well with Geikie's
recommendation.

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 rocks were formed in early Carboniferous times (about 354 - 327 million years ago). Britain crossed the
equator about 305 million years ago so the sedimentary rocks were deposited in south tropical seas,
lagoons, deltas, swamps and floodplains. Fossils (e.g. corals, brachiopods, crinoids, bivalves, burrows and
plants) are common. Igneous features such as volcanoes and dykes are well displayed.
The last major glaciation, which reached its peak about 25,000 years ago, has left erratics (e.g. of
Carboniferous and Devonian igneous and sedimentary rocks, and Highland metamorphic and igneous rocks)
which have been been mostly brought from the north and west. Following glaciation, local sea level was high
and raised beaches were established. The very prominent lower (Holocene) raised beach is about 6,500
years old. The sea has been at or close to its present level for about 3,500 years. In the main, the shoreline
is being eroded so today's landforms include cliffs, gullies, and a wave cut platform. In a few places, sandy
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deposits may be seen. Rockfalls and landslides are mainly to be seen at the western end of the area.
The key features of the site are:
•
•
•
•
•
•

Excellent exposures. Geological features are clearly displayed.
A sequence of sedimentary rocks which, by virtue of sedimentary structures, fossils, and changing
rock type, allow detailed study of changing depositional environments. Graphic logs can be
constructed.
Volcanoes, dykes and sheets. Students can study the anatomy of volcanic necks and interpret the
processes which formed them. Rocks adjacent to the dykes show signs of contact metamorphism.
Obvious folds, faults (normal, tear and reverse) and joints. In the dykes, students can study the
effect of jointing on the rate of erosion.
Glacial erratics and raised beaches. The lower (Holocene) raised beach is particularly obvious and it
allows students to see how the relative level of land and sea has changed.
The effects of human activity. These may be seen, for example, at the site of the saltpans where
clinker has been dumped and acidified water runs from the old mines. (The lower (Holocene) raised
beach was formerly a favoured dumping ground so students will soon realize that the interpretation
of raised beach deposits requires much care.) The effects of shore line construction on erosion and
deposition may also be observed.

Heritage
The picturesque fishing village of St Monans (Motto Mare
vivimus ‘We live by the sea’) was originally called Inverin.
The first pier was built in about 1450 and the present
harbour built was during Victorian times. Boat building
was established by James Miller and Sons Ltd in 1779.
The boat yard closed in 1992. The description of Fife as
‘A beggar’s mantle fringed with gold’ or ‘A fringe of gold
on a beggar’s mantle’ has been attributed to both James
VI and James II. St Monans is part of this golden fringe
and the Heritage Centre near the harbour is well worth a
visit. As well as fishing, the production of salt by boiling
sea water was an important local industry.
Figure 1: St Monans Auld Kirk

It is thought that St Monan in company with St Adrian came to this site from Hungary or Ireland in the middle
of the 9th century. Both were slain, perhaps on the Isle of May, by Vikings in about 875. A church was
founded here in about 1265. The present church (the Auld Kirk) was endowed by David II (1324 – 1371).
After being burned by the English in 1544 it was refurbished and became the Parish Church in 1646.
Newark Castle to the west of the area is a 16th century structure built by the Sandilands family using local
sandstone. The fine doocot to the east is from the same period.
The Isle of May is part of a sill of teschenite - a rock much like dolerite. In about 1145 David I established a
priory on the island. The Isle of May has the oldest lighthouse in Scotland. It was built in 1636 and its light
was produced by coal burned in a brazier on the lighthouse roof. About one ton of coal was used every day.
Unfortunately, In January 1791, the lighthouse keeper, his wife, and five of their six children were
asphyxiated by fumes from ash heaps around the lighthouse. So, in 1816, the coal burning light was
replaced by the present lighthouse built by Robert Stevenson (grandfather of Robert Louis Stevenson). The
Isle of May is famous for its puffins.

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.
In addition, the use of coal in the production of sea salt is relevant to the study of economic geology at
Higher Level.
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)
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•

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

St Monans provides every opportunity for Higher and Intermediate 2 Level students to meet, and more than
meet, SQA field report specifications.
It may be noted that 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 field. This site has much to
offer to those studying geology at any level or to anyone with an interest in geology.

Sources of Further Information & Support
geoHeritage Fife publish leaflets about Fife's geology, including one on St Monans. There is limited
information on the web at www.st-andrews.ac.uk/geogeosci/html/staghp.html or contact Richard Batchelor
for further information: rab@st-and.ac.uk.
The Heritage Collection on West Shore Street, by the harbour, is open morning and afternoon a few days
each week.

Location maps, directions & local facilities

Figure 2: 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.

St Monans is located on the south coast of Fife, between Elie and Anstruther. The site extends from about
200m east of Pathhead (NO 541022) to the Doocot (NO 518011) to the east of the ruined Newark Castle.
The village is just south of the main A917 road, turn off at NO 524019 to enter St Monans. It is accessible by
public transport, with Fife Stagecoach service buses running between Edinburgh, Leven and St Andrews
along the A917.
There are three parking areas:
•

Turn left at the top of the brae and sweep round into Hope Place. On the left at the end of this street
(NO527017) is a parking area suitable for vehicles of any size (point 1 in Figure 2b). The only toilets
are here. A path and steps from the west end of Miller Terrace lead to the shore. Or

•

Turn right at the top of the brae and follow Braehead to the back of the Auld Kirk (NO524015, point 2
in Figure 2b). This parking area is suitable for cars and minibuses only. Follow the road beside the
burn to the shore. Or

•

Come down the brae to the harbour. Turn left. At the boat shed take the left fork then the first right
into Rose Street. The small shore side parking area at the end of Rose Street is most suitable for
cars but may take minibuses (NO 5277 0166, point 3 in Figure 2b).

There are some small shops and cafes within the village.
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Safety and 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 under cliffs and very steep slopes. On the beach much of the walking is over boulders so
stout footwear with a good tread is required. 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 good coastal path, and you will
find it easiest to use the path and drop down onto the shore to access places of interest.
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.

Suggested Pre- and Post-visit Activities
Pre-visit
The teacher/lecturer should visit the field site and potential hazards should be evaluated. Possibly, 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 Queensferry Shore
Intermediate/Higher 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.
Students could examine aerial photographs of the site (e.g. Google Earth) which helps to understand the
structures of the area. They could consider how geology and people interact – why were the salt pans here?
Why is the harbour here?

Teachers' Guide: Higher & Intermediate 2 Geology St Monans, Fife

14/10/09

5

Geological Setting
Stratigraphy of the Area

Figure 3: Carboniferous stratigraphy in the St Monans area

Figure 4: Summary geological map of the local area.
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Oldest

Youngest

Limestone
(local name)

Limestone
(national name)

Thickness
(m)

Properties

'Hosie' or Mid
Kinniny

Second Hosie

1

Seen in the core of the St Monans syncline a
very short distance east of the harbour.
Abundant Zoophycos.

Five-foot or
Charlestown Main

Blackhall

1.5

Brown or grey. Crinoidal. Central 3 cm thick
mudstone band.

two-foot or St
Monans Little

Inchinnan

0.6

Top 5 cm shows haematite staining.

'Psuedobrecciated' or St
Monans
Brecciated

Hurlet

2.0 - 2.7

Grey and lumpy

St Monans White

4.3

At Pathhead, white with central brown dolomitic
band. Brown and crinoidal near the Auld Kirk.

Upper Ardross

0.6 - 1.1

Pale brown weathering crust. Grey inside.

Lower Ardross

0.5

Pale brown weathering crust. Grey inside.

The limestones in the area provide convenient stratigraphical markers. Note that if a limestone is dolomitic it
will have a pale brown weathering crust but will be grey inside. Pure dolomite, which often has a honey
colour, does not fizz with cold hydrochloric acid. Table 2 shows the limestones as formerly named in east Fife
with the national names now applied and the map shows their stratigraphical positions.
Fossils commonly found in this area are illustrated in Figure 5 and 6. It should be noted that students at
Intermediate 2 or Higher level are not required to identify fossils to the generic level.
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Brachiopods

Composita (Athyris)

Productus

Lingula

Spirifer
Schizophoria

Crinoid fragments

Actinoconchus
(Athyris)
Rhynchonella
(Camarotoechia)
[not illustrated]

Coral

Plant Fragments

Siphonodendron (Lithostrotion)

Stigmaria

Gastropod

Straparollus (Euomphalus)

Bivalve

Posidonia

Figure 5: Common body fossils found at St Monans
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Chondrites - branching worm burrows

Zoophycos - feeding marks in the form of sloping
spirals

Diplocraterion - vertical U-shaped worm burrows

Skolithos - vertical, cylindrical worm burrows

Gastropod and other trails
Rhizocorallium - horizontal U-shaped worm burrows
Figure 6: Common trace fossils found at St Monans
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Figure 7: Summary map of the geology of St Monans, and locations mentioned in the text
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The field localities
Introduction
The localities described follow a route from east to west along the St Monans shore. Each locality is shown
on the summary map. For most of the route you are going up-section, so that the sedimentary rocks are
viewed in the order in which they were formed. Activities are suggested for each locality, but you are unlikely
to have time to complete all the activities in one day. A range of activities have been suggested so that you
can choose a programme which is relevant for your group. As well as the suggested activities at each
locality, it is assumed that some standard activities would be considered. These might include:
•
•
•
•
•

observing and recording of features (e.g., sedimentary structures; fossils; faults; folds)
field sketching
measuring (e.g., strike and dip; width of a dyke)
interpreting geological processes (e.g., how volcanic rock has been emplaced)
interpreting past environments (e.g., conditions of deposition of coral limestone)

Location 1: Sedimentary layering, small fault block NO 5392 0225
As you walk to location 1 you should take a
moment to appreciate the big picture, with layered
sedimentary rocks dipping out to sea.
Location 1 is 200 m east of Pathhead, where the
path descends to the shore. The rock is a deltaic
sandstone which shows regular, cross and
convolute bedding. Convolute bedding is formed
by the deformation of the sediment when it is still
soft and wet. Burrows and marcasite nodules are
present.
There is a fault block between two parallel faults
about 15 m apart. The strike of the bedding within
the fault block is markedly discordant to the strike
of the rocks on the rest of the foreshore.

Figure 8: Discordance in bedding across small fault.

Suggested activity:
Find the faults then make a sketch map showing the strike and dip of beds between and outside the
faults.
Proceed westwards along the top of the shore to Location 2. En route, note the raised beach deposits
and numerous burrows in the siltstones.

Location 2: Limestones and fossils; the Pathhead Fault NO 5370 0211

Figure 9: St Monans White Limestone with dolomitic
core

Figure 10: St Monans Brecciated Limestone

Here, there are two obvious limestones. The lower, St Monans White Limestone has a brown dolomitic core.
It is rich in corals (Siphonodendron) that resemble spaghetti and macaroni. The upper, St Monans Brecciated
Limestone is a lumpy limestone with patches of fault breccia. Between the limestones are mudstone,
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sandstone, a seat earth and a thin coal.
The outcrops of the limestones come to a sudden end because they have been cut by a north-south striking
sinistral tear fault called the Pathhead Fault. (In a sinistral tear fault when you stand looking across the fault,
movement has been to your left.) On the other side of the fault, the St Monans White Limestone and the St
Monans Brecciated Limestone can be found about 20 m further down the shore. (This latter limestone is
described as pseudo-brecciated because it is made up of nodular lumps which look like fault breccia. True
fault breccia is, however, found only close to the fault. The origin of the lumpiness is obscure but may be a
diagenetic effect.)

Suggested activity
Find the outcrops of the St Monans White and St Monans Brecciated limestones on the west side of
the fault then make a sketch map showing the direction and extent of displacement.
At the base of the cliff on the west side of the fault is the St Monans Little (Two-foot) Limestone. It can be
easily recognised because its topmost 5 cm is stained by red-brown haematite. Giant productids (a genus of
brachiopods) are present. The Pathhead Fault has two branches which may be seen on the foreshore and in
the cliff face on the west side of the fault.
Moving west along the cliff base are siltstones, sandstones and two seat earths and coals. At the patch of
concrete under the most westerly building of Pathhead you are standing under the Charlestown Main (Fivefoot) Limestone. Its central mudstone parting is evident here. Worm burrows are well displayed on the under
surface of a bedding plane of the limestone and slickensides (tectonic striations) can be seen on loose
blocks.
There has been a recent rockfall here making for a difficult climb and access further along at this level is
blocked by a deep pool. It would, therefore, be prudent to move up and east for about 30 m to rejoin the
path. Follow the path to the west then descend and return to Location 3 which lies above but about 10 m
west of the concrete patch.

Location 3: Limestone, trace fossils, ripple marks NO 5363 0206
Here you see the top of the Charlestown Main (Five-foot) Limestone. It is rich in fossils (mostly crinoids), well
jointed and it centrally encloses a thin mudstone parting. The trace fossil Zoophycos cauda-galli is present.
(The specific name comes from the fact that the fossil looks like a cockerel’s tail feathers. The fossil has a
shallow helical form.) Above the Charlestown Main Limestone are siltstones and mudstones with numerous
ironstone nodules. About 50 m west of Pathhead loose material on the upper shore includes septarian
ironstone nodules and specimens of Chondrites burrows. Some of the ironstone nodules (siderite and
haematite) have been altered to limonite. Marcasite nodules are common in the sandstones. Brown-stained
marcasite nodules washed from the sandstones can be found between here and the harbour. They can be
recognised by their high density and often distinctive shapes.
Follow the outcrop of the Charlestown Main (Five-foot) Limestone along to the pool at the gap in the reef.
Here, a tear (?) fault has caused an obvious displacement of the sandstone, and the limestone shows an
apparent doubling in thickness because the fault has caused it to overlap itself.

Figure 11: snail? trail (red arrows) and ripple marks

Figure 12: flakes of mudstone in sandstone

Moving west, about half way between the windmill and Pathhead there is a very minor promontory with a
small gorse bush atop (for now). 7 m east of the bush and also under it is ripple marked sandstone with snail
(?) trails running over the ripples (Figure 11). 20 m east of the bush cross-bedding is well displayed. Ripple
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marks are common and there is a sandstone enclosing mudstone flakes (Figure 12) and minor faults (normal
and reverse).

Location 4a: Iron staining, sedimentary features NO 5340 0188
At this position - about 125 m east of the salt pans - acidified water from the old coal mine runs onto the
shore. When a mine closes it is flooded with oxygenated water. Aided by the bacterium Thiobacillus
ferrooxidans, pyrite (FeS2) dissolves to give a solution of Fe2+ and sulphuric acid (pH 2.0 - 4.5). When this
solution reaches the surface the Fe2+ is oxidised and Fe3+ oxide is precipitated to form a bright red-brown
coating on the rocks.
Many features may be seen here including cross bedding, seat earths, coals, rootlets, roots (Stigmaria),
burrows, and marcasite nodules. There is also evidence of coastal erosion and there is a thick layer of
clinker (debris from nearby industrial processes- see Figure 10) on the raised beach deposits. Passing the
pool note the diamond shaped joints in the sandstone. Such joints are apparently produced by compressive
forces acting into the sharp (acute) angles and tensile forces acting away from the wide (obtuse) angles. At
the west end of the pool U-shaped burrows (Diplocraterion) are well displayed.

Figure 13: Rootlets in sandstone

Figure 14: Marcasite nodule in sandstone

Location 4b: Salt Pans NO 5328 0180
Producing salt by boiling sea water above coal fires was formerly an important industry on the Firth of Forth.
The industry was well established by the 12th century and it reached its peak in the 17th century. In 1614 it is
recorded that after wool and fish, salt was our most important export. The salt was used to preserve
foodstuffs such as herrings and beef. Following the Union of 1707, salt became a very expensive commodity
in Scotland because salt tax was raised to the English level. Scottish fish curers could no longer afford to buy
it and the Scottish fishing fleet almost disappeared.

Figure 15: Remains on a pan house where sea water
was boiled to produce salt

Figure 16: Clinker from the salt pan fires, dumped
on the raised beach below the pan houses.

In 1771 John Anstruther and Robert Fell set up the Newark Coal and Salt Company. The remains of their
nine saltpan houses can be seen on the lower raised beach to the east of St Monans. The mines which
supplied the coal were on Coal Farm to the north of the refurbished windmill. On the wave-cut platform is a
pond (settling tank or bucket pot) from which sea water was pumped by the windmill to a feeder tank at a
level above the pan houses. On the foreshore the narrow rock cut which held the pipe can still be seen. From
the feeder tank water ran under gravity to be boiled, by burning low quality, small coals (panwood) in the cast
iron pans. Boiling took four hours and after three boilings the sea water would be reduced to about 10% of its
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original volume so the salt would precipitate and be raked off. It took about 7 tonnes of coal to produce 1
tonne of salt. Thick layers of clinker (residue of burnt coal) can be seen on the eroded edge of the raised
beach. Blood or egg white was added to the sea water to remove small particles so the salt would be clean
and white. The salt was dried and stored in a girnel. The salt was then taken by horse-drawn wagons along a
wooden railway to Pittenweem for export to the Continent. Salt became very cheap again in 1823-25 when
salt tax was reduced then removed. The St Monans saltpans stopped working as cheap salt came into
Scotland from Cheshire. On the other side of the Forth salt was produced, not entirely from sea water, at
Prestonpans till 1959. Referring to this Scottish Salt Company in 1915, T.S. Muir writes, “The monks of
Newbattle, who started salt making as early as 1198, of course evaporated sea-water, but this is now
employed only as part of the process of manufacture from imported rock-salt.”.

Location 5: Plunging, asymmetric syncline – the St Monans syncline NO 5265 0159
Location 5 is close to the east harbour wall.
Approaching from the east find and follow the outcrop
of the Mid-Kinniny (Second Hosie) Limestone, which
shows abundant Zoophycos and marks out an
obvious, plunging, asymmetric syncline (the St
Monans syncline). The south-east limb has a strike of
about 60° and it dips to the north-west at about 20°.
The west limb has a strike of about 35° and it dips to
the south-east at about 65°. In the hinge of the fold
where bending has been at its strongest, the rock is
fractured.

Suggested activity:
Measure strike and dip around the outcrop.
Find the direction and angle of plunge of the
fold axis. Draw a map and section.

Figure 17: Core of the St Monans syncline

Leave the shore by the fixed ladder and go west past the harbour. Where the road bends, descend to
the shore by way of the wooden steps. Alternatively, continue up the road then follow the road back
down to the mouth of the burn. Turn left and follow the wagon track. Location 6 is the low cliff on the
left bank of the burn.

Location 6: Sedimentary section;
vent/country rock contact NO 5227 0144
Here, there is a well exposed section from deltaic
sandstone, through seat earth, mudstone, coal,
marine siltstone and mudstone to the marine St
Monans White Limestone. The deltaic sandstone
shows poorly developed cross bedding. Marcasite
nodules are present. The siltstone shows very
numerous burrows (Rhizocorallium). The St Monans
White Limestone looks very different from the same
limestone at Pathhead. Here, the limestone is much
thicker and crinoidal. Small folds are present and a
reverse fault has brought the coal back to the surface.
Thus, the coal appears twice - first as part of the
normal sequence and second in a steeply dipping
fault wedge.

Suggested activity:
Construct a graphic log. Interpret changing rock
types in terms of changing environments.

Figure 18: Section through sedimentary rocks. Sandstone
at the bottom, with a very thin seat earth, overlain by shale,
coal (marked by rule) and siltstone.

Towards the burn and a short distance downstream from
the wagon track is the contact between the St Monans
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Neck and the deltaic sandstone. The edge of the volcano
is marked by a basalt dyke leading inwards to vent
agglomerate. The sandstone has been fractured and
weakly metamorphosed. The dip becomes steeper becoming almost vertical - as the contact is approached.

Suggested activity:
Draw a sketch map of the contact. Observe and
interpret any change in the sedimentary rock (e.g.,
dip, metamorphism, fracturing) as the contact is
approached.
Cross the burn by the bridge and follow the path to
Location 7, which is close to the path that runs
under the sea wall.

lies on the junction, with near-vertical sandstone on the
right and basalt within the neck on the left.

Location 7: Volcanic neck and xenoliths; erosion by the sea NO 5218 0139
Here there are xenoliths of red sandstone and coal. The coal has a rim of calcite. Blocks of basalt,
representing volcanically fragmented dykes and sheets, are common in the vent agglomerate. A short
distance to the west is an obvious but narrow dyke broken by minor faulting. About 20 m west of the dyke is
a xenolith of red sandstone about 2 m long and xenoliths of coal (one having a diameter of about 5cm).

Figure 20: Xenolith of red sandstone in St Monans Neck.

Figure 21: Xenolith of coal with calcite rim.

Suggested activities:
1. The red sandstone in the volcanic neck may be fragments of Devonian rock carried up from depth,
fragments of Carboniferous rock which has fallen in from above. Devonian rocks crop out in Edinburgh
and North Fife but they are not found in this area. If the red sandstone is Devonian estimate the depth
from which it has been carried up.
2. Explain why blocks of basalt occur in the agglomerate.
Now walk south to the trench running across the vent.
This trench marks the line of a well-jointed dyke that has
been preferentially eroded away. The trench walls are
higher than the wave-cut platform because the
agglomerate adjacent to the dyke has been
metamorphosed, making it tougher and more resistant to
erosion than the general mass of agglomerate.

Suggested activity:
Draw a section across the trench. Explain how the
trench was formed and why its walls project above
the level of the wave-cut platform. Measure the
depth of the trench. On the assumption that the
sea reached its present level 3500 years ago,
calculate the rate of erosion.

Figure 22: Trench cutting volcanic agglomerate, caused
by erosion of well-jointed dyke. Location 6 can be seen
in the background.
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Now walk north-west to the upper shore. Here, there is a
glacial erratic perched on a stalk of agglomerate.

Suggested activity:
Measure the height of the agglomerate stalk.
Calculate the rate at which the wave-cut platform has
been eroded down. Explain why the answer to this
activity, measuring the rate of erosion of
agglomerate, and the previous activity, measuring
the rate of erosion of a dyke, are different. Assess
possible errors arising in this and the previous
method for finding the rate of erosion. Discuss
variation in rates of erosion on a rocky shore.
In this area, too, are bedded tuffs. These were probably
formed as air-fall deposits on the surface of the volcano.
Collapse and subsidence of the volcano would bring the
bedded tuffs to their present position inside the vent.

Suggested activity:
Explain why tuff showing layering is surrounded by
unlayered agglomerate and tuff.
Now go to Location 8 at the western margin of the volcano.

Figure 24: Bedded tuff with lumps of agglomerate

Location 8: volcanic neck NO 5211 0128
Close to the margin of the neck are numerous thin basaltic
sheets and dykes. Calcite veining is common. The edge of
the neck is diffuse. It consists of a mixture of agglomerate
and fragmented sedimentary rock. This mixed rock suggests
that the agglomerate has been intruded by being carried by
gas, probably steam, which has generated fractures and
allowed the pyroclastic rock to pervade the sedimentary rock.
It is probable that this mechanism has drilled out the whole
neck. At Location 7 and at other places there are xenoliths of
red sandstone which, if brought from depth, have not been
carried by magma. The presence of dykes, sheets and
blocks of basalt shows that there has been some supply of
magma into the neck fill.

Figure 25: Location 8, looking back towards the
Auld Kirk and into the volcanic vent.

Thus, a possible mechanism is that rising magma has
heated water in crustal rocks. The water has turned to steam
which has explosively drilled a low-temperature vent.
Eruptions of this type are described as phreatic. (The
phreatic zone is the saturated zone below the water table;
from the Greek phrear for a well.) The fact that there have
been repeated eruptions is shown by basalt blocks
representing the broken remains of dykes and by fragments
of bedded tuff which seem to have formed at the surface
then collapsed into the neck.

Suggested activity:
Describe a mechanism of intrusion which would have
produced the diffuse margin of the volcano. Explain
why coal xenoliths have not burned. What would
happen to the rank of a piece of coal surviving being
caught up in the volcanic eruption?
Teachers' Guide: Higher & Intermediate 2 Geology St Monans, Fife
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Now don hard hats and continue through the cleft created by the preferential erosion of a well-jointed dyke.
The contact with the sandstone is clearly shown and signs of contact metamorphism are evident. Note that
the dyke takes a right-angled bend again into a cleft from which it has been largely removed. The sandstone
projects into the sea as a feature called the Long Shank. Proceed across the foreshore to location 9 near the
high water mark.

Location 9: Anticline; small basalt plug NO 5206 0130
Care is needed here because the cliff is not
stable and rock falls and slides are common.
At this location, there is an anticline well
displayed in the cliff face by the folding of the
dolomitised Upper Ardross Limestone. The
limestone consists of two bedding units
separated by a thin layer of mudstone which,
being incompetent, has often been squeezed
out during folding. The core of the anticline can
be seen on the foreshore.

Suggested activity:
On the foreshore, measure the strikes
and dips of beds on both limbs of the fold.
Find the direction and angle of plunge.
Draw a map of the fold.
On the foreshore is the basalt plug and intrusion
breccia of Davie’s Rock neck. Much of the
breccia is of sedimentary rock. The margin of
the plug has been altered to white trap. Trap
(Swedish trappa - ‘a stair’) is an old word for
rocks such as basalt whose lava flows formed
stepped topography. Dolerite and basalt
intruded into carbonaceous rocks often have
their minerals altered to white carbonates, mica
and kaolin by hydrocarbons from the
sedimentary rock. Seemingly, the basalt magma
has heated the water in the sedimentary rocks
because the rock in the vent has been
thoroughly brecciated by explosive steam
eruptions.

Figure 27: Anticline visible in cliff face, showing folding of Upper
Adross limestone. Note that landslipping in the middle part of the
cliff has disrupted the layering. The fold can be traced in the rocks
on the foreshore.

Figure 28: Margin of Davie's Rock plug. The basalt plug on the left
has altered to white trap along the junction with breccia (mostly
sedimentary rock) within the neck.

About 30-40 m west of Davie’s Rock plug there are numerous intrusions of white trap, one of which follows a
fault which has displaced the Lower Ardross Limestone. There are also many patches of steam-generated
volcanic breccia. Similar features may be seen at two places in the cliff - one about 100 m from the gap in
the Long Shank and the other about half-way between the Doocot Neck and the gap in the Long Shank. 15
m to the east of this latter intrusion is brecciated sedimentary rock.
Continue westwards to Location 10 at the base of the hill under the Doocot.
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Location 10: Doocot Neck NO 5186 0118
The rock here is a pale brown deltaic sandstone. Cross and convolute bedding, ripple marks, and marcasite
nodules are in evidence. The underlying Upper Ardross Limestone is well jointed and faulted. Close by is the
Doocot Neck. The edge of the vent is sharp and well displayed. Inside the vent are dykes and many (often
huge) sedimentary rock fragments set in agglomerate. The neck cuts both the Ardross limestones. The
Lower is much faulted.

Suggested activity:
One block of sandstone in the Doocot Neck is about 20 m long and 6 m wide. What would have
happened to this block if volcanic activity had continued? Explain why this block has probably not
been carried up from any great depth.

Appendix – further historical information
Newark Castle to the west of the area is a 16th century structure built by the Sandilands family (the Lords
Abercrombie) of Cruvie. In 1649, James Sandilands (‘a riotous youth’) sold the castle to the Covenanting
General David Leslie (1610 -1682). Leslie helped defeat the Royalists at Marston Moor (1644). He defeated
Montrose at Philiphaugh in 1645 but his army was routed by Cromwell at Dunbar in 1650. After experiencing
another rout by Cromwell at Worcester in 1651, Leslie was held in the Tower of London till the Restoration.
The grateful Charles II made him Lord Newark in 1661. To the east of the castle is a fine doocot, also 16th
century.
On the western margin of St Monans is the Auld Kirk. It is thought that St Monan in company with St Adrian
came to this site from Hungary or Ireland in the middle of the 9th century. Both were slain, perhaps on the
Isle of May, by Vikings in about 875. A church was founded here in about 1265 by Alan Durward, the Earl of
Atholl. The present church was endowed by David II (1324 - 1371). In 1346 David had been defeated at
Neville’s Cross. After being held prisoner for eleven years he was released to a near bankrupt Scotland after
much of a ransom of 100 000 merks had been paid. One story has it that in1362 David prayed at the tomb of
St Monan for recovery of a wound received at Neville’s Cross. By a miracle, an arrowhead was removed
from his body and the wound healed. Another story is that he and Queen Margaret were here caught in a
storm and he vowed to build a church if they came safe ashore. Whatever, the Auld Kirk marks the site of
David’s gratitude. After being burned by the English in 1544 it was refurbished and became the Parish
Church in 1646. During a major renovation in 1826, the bones of David Leslie were removed from the choir
and, sadly, thrown onto the shore.
The opening scenes of Walter Scott’s novel Heart of Mid-Lothian are set at Pathhead and Pittenweem. One
result of the Union was that wine, brandy and tea could not be imported without payment of duty. This
unpopular law led to smuggling on a grand scale. Two notable Pathhead smugglers called Wilson and
Robertson robbed the Customs House in Pittenweem in order to recover confiscated contraband. They stole
£200 but were caught, taken to the Tolbooth (The Heart of Mid-Lothian) in Edinburgh and condemned to
death. They and other prisoners managed to open a grating but Wilson being rather bulky got stuck while
trying to get out so he and Robertson could not escape. On the Sunday before the day of execution they
were taken to church to pray for their souls. Wilson tackled the four guards and Robertson made good his
escape. When Wilson was hanged on 14th April 1736 the crowd pelted the City Guard with stones and dirt.
Captain Porteous ordered his men to fire and several people were killed. Porteous was condemned to death
but then given a temporary reprieve. This was not good enough for the people of Edinburgh so on the night
of 7th September 1736 a well organised mob broke into the Tolbooth, dragged Porteous from his hiding
place up a chimney then hanged him from a dyer’s pole in the Grassmarket. Smuggling went on till about
1810. It was ended by a reduction in import duties and by the diligence of the customs officers (gaugers).
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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.

Teachers' Guide: Higher & Intermediate 2 Geology St Monans, Fife

14/10/09

20

