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Introduction
The purpose of this field guide is to aid Higher Geology teachers in planning and undertaking a
field trip along the South Queensferry shore.
The field guide contains information on potential hazards, a suggested route, field map and
information on each of the localities. The guide has been designed to provide support for
teachers with a limited geological background. Wherever possible, fundamental principles are
explained, together with a definition of any geological terms. For teachers with an established
geological background, the guide may be of more use as a brief introduction to the area.
It is worth noting that localities 1-6 are within the Dalmeny Estate. Although the shore is a public
right of way, permission should be sought from the factor of the estate before a trip is planned.
I would like to thank Andrew McLeish, Michael Browne (Lothian and Borders RIGS/BGS), Colin
Graham and Clare Britton for their suggestions during the production of the field guide. The staff
and students of the Geoscience Outreach course at Edinburgh University are thanked for their
feedback and comments. I would also like to thank Mark Dean (BGS) for his guidance during the
selection and photography of samples from the BGS fossil collection which really brought the
project to life!
Max Wilkinson

4th year Geology, University of Edinburgh
March 2008

How to get there
The field area is situated 800m to the north-east of South Queensferry, starting directly
below the Forth Rail Bridge. Parking spaces can be found on High Street, along the coast front and
near to the Hawes Inn at grid reference [NT](1356,7832).
By Road:
From Edinburgh and East Lothian take the A90 north. From the A90 follow the
slip road onto the B924, signposted South Queensferry. Continue straight on for 3.5km to reach
the Hawes Inn beneath the Forth Bridge.
From Glasgow and the South West take the M8 east, leaving at junction 2 (M9). Follow
the M9 north for 3km, leaving at junction 1a (A8000) for South Queensferry and the Forth Road
Bridge. Follow the A8000 onto the A90, leaving the A90 for South Queensferry before the Forth
Road Bridge toll. After exiting the A90 take the forth exit onto Ferry Muir road. Then take the first
exit at the next roundabout. Follow Kirkliston road north for 1km, turning right at the very end
onto High Street. Continue down High Street to the Hawes Inn beneath the Forth Bridge.
From Fife and the North take the Forth Road Bridge south (A90), leaving the A90 at
the first exit after crossing the bridge. Take the first left onto Ferry Muir road, then the first exit at
the next roundabout. Follow Kirkliston road north for 1km, turning right at the very end onto High
Street. Continue down High Street to the Hawes Inn beneath the Forth Bridge.
By Rail:
Dalmeny station is a 10 minute walk from the field area. Leave the station by the
ramp down to the car park. Turn right and walk around the lower station building. After crossing
the road look for a narrow path next to the railway embankment. Follow the path through
woodland for 350m, crossing the tarmac path. Follow the path beneath the rail bridge, turn left
and follow the wooden steps beneath the rail bridge down to the road. From here, follow the road
left under the rail bridge and around to the Hawes Inn on the left.

Image produced from the Ordnance Survey Get-a-map service.
Image reproduced with kind permission of Ordnance Survey and Ordnance Survey of Northern Ireland.

Potential hazards
All of the localities along the shore can be safely accessed during mid to low tide. The first locality
is Hound Point, which is best visited 2-3 hours before low tide. If Hound Point is well above the
present tide level, the other localities further west can be safely visited within the next 3 hours.
The accessibility of locality 6: Long Craig Pier, being the closest to low tide is best assessed on an
individual basis in the field.
Tide information for the nearest port, Rosyth - 227 can be found at:
http://www.bbc.co.uk/weather/coast/tides/
The section of shore between Hound Point and Long Craig Pier is easily accessed by paths from
the loose surfaced track marked on the field map. The shore between Long Craig Pier and Port
Neuk is separated from the road by a high wall and rough embankment. The safest way to access
this section is to follow the road from Long Craig Pier to the lay-by close to locality 9 and access
the beach by the narrow path on the right. To access locality 10 it is best to return to the tarmac
track and walk back to the main road, then follow the landing ramp beneath the Forth Bridge to
the sandstone outcrops.
You should be continually aware of the advancing tide during an excursion, especially in isolated
bays where the true advance of the tide is often unclear.
The exposed rock surfaces of all localities are likely to be slippery. Special care should be taken at
locality 9, as the sloping sandstone surfaces are particularly treacherous when wet.
Contact with washed up debris should be avoided.
There are a number of partially fallen trees along the shoreline which are a serious hazard.
Hammers should not be used on the outcrops themselves. However, a hammer or penknife may
come in handy when searching for fossils within the loose rocks at locality 7. Always ensure eye
protection is worn. When handling sharp samples it is preferable to wear projective gloves.
For further guidance please refer to the fossil code at: http://www.snh.org.uk/fossilcode/

A suggested route
The Lower Carboniferous geology of the South Queensferry Shore gets younger from east to
west along the coast, with the oldest rocks being around 350 million years old. It is suggested
that an excursion should begin at locality 1: Hound Point, and progress west visiting successive
localities of decreasing age. Allow at least three hours to complete the suggested route.
The gents public toilets are located opposite the Hawes Inn, the female toilets are slightly
farther west near the parking bays.
From the Hawes Inn there is a 2.5 km walk to locality 1: Hound Point. Join the tarmac track
heading east from under the Forth Bridge. Follow the tarmac track 700 m along the shoreline to
Long Craig Pier and the entrance to the Dalmeny estate. From here the track is loosely surfaced
and continues for another 1.3 km to the Fishery Cottage east of Hound Point. At the Fishery
Cottage, turn back west and follow the beach to locality 1 where the dolerite sill is found directly
ahead.
From locality 1 walk around the point and across Peatdraught Bay. Locality 2 is situated on
the next point of the shore where a small stack can be seen. After viewing locality 2, follow the
exposed sill west for 250 m until you reach locality 3, a small beach strewn with rubble. From the
small beach follow the shore west for 200 m to where a columnar jointed platform forms the
nearest point (figure 4.0). Locality 4 extends from this point across the next 300 m of shoreline,
eventually disappearing into the shingle. Locality 5 is exposed as a series of mudstone slabs within
the shingle, 100 m west of locality 4. From the mudstone slabs follow the shingle beach 100 m
west to Long Craig Pier. Locality 6 can be found close to the eastern edge of Long Craig Pier, 20 m
north-east of the large black dolerite erratic. From locality 6, walk up the Pier and return to the
tarmac track. From here follow the track west for 500 m until you reach a small lay-by close to
locality 9. Follow the path on the right down to the shore, where locality 9 can be seen straight
ahead. To reach localities 7 and 8, follow the beach east around the point to where a stream flows
down the embankment. Locality 7 is 15 m east of the stream and can be found where the
embankment forms a small alcove next to a flat erratic. This is a good place to stop for lunch,
during which any extra time can be spent searching the mudstone fragments on the beach for
fossils.
After lunch, retrace your steps west to the small stream, where locality 8 can be found.
Continue 50 m west to the point where locality 9 can be seen. From here leave the beach by the
narrow path to the lay-by. Once back on the tarmac track follow it west onto the main road
beneath the rail bridge. Locality 10 can then be accessed from the landing ramp opposite the
Hawes Inn. Continue east past the toilets and under the Forth Bridge to the sandstone outcrops.
From here retrace your steps west to the parking spaces on High Street.

Field Map

Stratigraphic sequence of the field area
The stratigraphic sequence shown below represents the order of beds found in the field area and how they fit in with the local
geology, and that of the rest of the British Isles. A stratigraphic group is divided into formations. The formations are then subdivided into beds which are can be seen at locality scale. A complex or suite is a set of beds created during a geological event.
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Locality 1: Hound Point - Quartz-dolerite sill – [NT](1585,7949)
A sill is formed when magma flows laterally into surrounding rocks along a fracture or
other point of weakness (also called 'intrusion'). During intrusion the rocks around the
fracture are strongly heated by the magma; they are weakened and are chemically altered
(baked) to become hardened once they cool. As more magma flows into the fracture the
weakened rocks are forced apart, often resulting in their truncation and deformation (figure
1.1). Fragments of the rock may break loose into the magma and drift as rafts (figure 1.2)
into the molten magma.
Once the flow of magma ceases, the intruded magma and the surrounding rocks
slowly cool, a process which can take tens to thousands of years depending on the thickness
of the sill. As the sill cools minerals crystallise out of the magma. The first minerals to form
do so as small crystals along the margins of the sill, where cooling is most rapid. In the
middle of the sill cooling occurs at a much slower rate and the minerals found here form
larger crystals as a result.

Figure 1.1: Truncation and lifting of the baked
sandstone

Figure 1.2: Quartzite rafts within the lower sill
Figure 1.0: The quartz dolerite sill and underlying sandstone of Hound Point

The sill at Hound Point is made of quartz-dolerite and is 20-30 m thick. It was intruded
during the Upper Carboniferous. The sill is dark coloured, mostly medium-grained, columnarjointed and dips shallowly west. The coarser grain-size only occurs within slower cooled
intrusions, rather than surface eruptions. The most abundant minerals include pyroxene,
plagioclase, magnetite and small amounts of quartz. Along the base of the sill the underlying
sandstone has been altered to quartzite, forming a baked margin.
Above the lower part of the sill at [NT](1583,7950), there is a large raft of dark, well
baked (indurated) mudstone (figure 1.3). The mudstone raft has been heated throughout by
the surrounding magma and metamorphosed to hornfels.

Figure 1.3: A large raft of baked mudstone
found in the middle of the sill

Locality 2: Peatdraught Bay (West) – Upper layer of the Alkali-dolerite sill – [NT](1535,7942)
Localities 2-4 represent sections through the upper, middle and top of a large alkalidolerite sill. This sill was intruded during the Lower Carboniferous. The alkali-dolerite sill is
shallowly dipping with an undulating upper surface. These undulations allow the localities
along the shore to display different sections through the sill (figure 2.0)
The rocks exposed at locality 2 represent those of the upper part of the sill. There
are contrasting grain-sizes over a few metres, ranging from medium-grained (~1mm) to
coarse-grained (4mm). The change in grain-size represents the transition between the
slower cooled middle of the sill and the faster cooled top of the sill.

Figure 2.0: Cross section through the sill

A good example of the medium-grained upper horizon can be seen at the most easterly
outcrops around [NT](1537,7943). Within the rock an abundance of pale pink plagioclase crystals
can be seen. Also occasional black and pink segregation veins can be seen cross cutting the jointing
(figure 2.1). The veins are composed of fine-grained granite, rich in feldspar and quartz. The veins
represent the last of magma still present as the sill cooled and crystallised. This magma flowed
through the dense crystal mush of the sill and finally cooled to produce a network of fine grained
veins.
Further west, there is a small stack, around which columnar jointing has developed
throughout the slightly coarser dolerite. The columnar joints formed due to contraction or shrinking
of the sill as it cooled. Within the coarser rock of the stack, dark green to black crystals of pyroxene
can be seen (figure 2.2). The stock probably formed as the columnar joined rocks around it were
weaker and eroded at a quicker rate, producing the small stack.

Figure 2.3: Coarse-grained, mottled and
crumbled dolerite. From the middle section
of the sill.

10 m west of the small stack [NT](1533,7942)
the coarsest outcrop of the locality can been seen.
This outcrop consists of crystals up to 3 mm in
diameter. The coarser grain-size of these rocks makes
the crystals more susceptible to weathering. Jointing
is rarely seen, instead they have a mottled, crumbled
texture (figure 2.3).
Within the coarser rock, dark green crystals of
hornblende are abundant, together with pale pink
plagioclase. This outcrop represents the upper-middle
section of the sill which cooled at a slower rate than
the finer grained outcrops to the east.

Figure 2.1: Medium-grained dolerite
with fine grained granite vein

Figure 2.2: Dark green to black
pyroxene crystals within the small
stack.

Locality 3: Pipeline Rubble - Middle layer of the Alkali-dolerite sill – [NT](1507,7936)
Further west along the coast from locality 2, the
undulating dolerite sill exposes its middle section.
The insulating effects of the sill above and below
the middle section allowed the intruded magma to cool
at a very slow rate. This slow cooling rate produced
exceptionally large, delicate crystals within the
stationary magma.
Unfortunately, the best exposed section has been
reduced to rubble by the laying of the BP pipeline from
the tanker berth offshore. However, the main features
of the sill can still be seen within select boulders along
the shore.

Figure 3.0: Large, elongate laths of purple pyroxene within the shore boulders.

The boulders on the shore contain excellent examples of purple
pyroxene crystals up to 15 cm x 1 cm. The pyroxene crystals have
grown as elongate laths (figure 3.0) and are surrounded by chlorite
and pale pink plagioclase partially altered to analcite when heated
groundwater reacted with the rock (figure 3.1). The chlorite found in
the rock was produced as the pyroxene crystals were weathered.

Figure 3.1: Elongate laths of pyroxene with analcimised
plagioclase.

Locality 4: Whitehouse Point - Top layer of the Alkali-dolerite sill – [NT](1484,7918)
The alkali-dolerite sill continues around the coast
and is exposed at Whitehouse Point. Here the rocks are
fine to medium grained, representing the upper surface
of the sill and are comparable to those of locality 2.
At Whitehouse Point, extensive columnar jointing
can be seen (figure 4.0). The outcrop at Whitehouse
Point forms the undulating upper surface of the sill and
dips shallowly west to north-west (10/258).
The convention of recording dip and dip direction:
The angle of dip from the horizontal, followed by the
bearing from north of the direction of dip is quoted in
the form (dip/dip direction). Dip and dip direction are
recorded using a compass clinometer.

Figure 4.0: Extensive columnar jointing along the top surface of the dolerite
sill.

The medium-grained nature of this locality allows elongate
crystals of dark green amphibole and pale pink plagioclase to be
seen by eye. The amphiboles are rich in the alkaline element
sodium, and together with the large amounts of plagioclase fit
within the Alkali-dolerite classification.

Figure 4.1: Medium-grained: Dark green elongate hornblende
(amphibole) crystals and pale pink plagioclase (feldspar) crystals.

Continuing west around the bay, the fine grained upper
surface of the sill can be seen. Eventually the sill disappears
beneath the shingle dipping shallowly west to north-west.

Locality 5: Whitehouse Bay - Indurated mudstones – [NT](1475,7887)
Situated above the alkali-dolerite sill is a horizon of
indurated (baked) mudstone.
As the sill was intruded along a fracture or point of
weakness below the mudstones, they became intensely
heated (figure 5.0).
The mudstones can be found as a series of shallowly
dipping slabs (18/320, 18/302) between the shingle near
high water mark.
During heating the mudstones became altered,
producing patches of graphite rich spots (figure 5.1).
Heating was not so intense however, as to remove all
traces of the original layering within the sediment. The
original layering can be observed down the sides of the
slabs between the altered nodular horizons (figure 5.2).

Figure 5.0: Intrusion of the sill and heating of the overlying mudstones

Figure 5.2: Altered nodular horizons within the original mudstone layering.
Figure 5.1: Indurated spotted mudstones

Locality 6: Long Craig Pier - Faulted sandstones and mudstones – (1448,7877)
The outcrop at this locality consists of a mixture of mudstone and sandstone beds. Although these beds were originally
deposited horizontally, they are now folded and dip steeply in various directions. Some of the beds are incomplete and have
been cut through by faulting. Unit 1 is a well bedded dark mudstone with occasional fine-grained sandstone beds. Unit 2 is a
coarse-grained sandstone with no visible bedding. Unit 3 is a light coloured, medium-grained sandstone with occasional
bedding.
The process by which these beds have been disturbed from their original configuration is known as faulting. Faulting of
rocks occurs when they are strained and the rocks fracture and begin to move relative to each other. Movement within rocks can
occur along their original bedding and along fractures formed during straining. Different types of fault occur depending on how
the rocks are strained. If the rocks are pulled apart a normal fault occurs (figure 6.0), if they are compressed laterally a thrust
fault occurs (figure 6.1), and if the rocks are sheared a strike-slip fault develops (figure 6.2). (See following page for figures).
By looking at the outcrop from different locations we are able to infer the geometry of faults and boundaries between
different units of rock. The diagram below shows the author's interpretation of the geometry of this outcrop, together with
photos of the best places to view the outcrop.

Once you have constrained the geometry of the faulted group of
rocks, the next step is to decide the number and order of faulting events
that occurred. Below is the author's interpretation of how the outcrop
evolved, step by step to its present geometry.

Locality 7: Long Rib – Oil-Shale and Queensferry Cements – [NT](1416,7846)
During the Early Carboniferous, the UK was situated a little
south of the equator. The climate at this time was similar to the
warm, humid conditions of the equatorial rainforests of today. At this
time a low lying basin trending north-east south-west existed within
the Midland Valley (figure 7.0). Over part of this basin, where the
South Queensferry Shore now extends, a shallow non-marine lake
called Lake Cadell existed.

The Oil-Shale and Queensferry Cements found at this
locality were deposited on the floor of Lake Cadell during
non-marine conditions. The term 'non-marine' means that the
lake was not directly connected to the sea, however the
water was most likely salty. Small scale faulting with
associated deformation including bed offsets can be seen in
the east facing wall of the shore bank alcove, next to the flat
topped erratic on the beach (figure 7.1).

The rocks exposed along this section of the shore were
originally deposited on the floor of this ancient lake. The variation in
rock type, together with the fossils they contain allow us to
reconstruct a dynamic history of lake conditions at times in the past.

Figure 7.1: Small scale faulting and deformation of the Oil-Shale
and Cementstone beds

Figure 7.0: The topography of the Midland Valley during the early Carboniferous,
showing the extent of Lake Cadell

Figure 7.2: Waxy Oil-Shale shavings, indicating high oil content

The Oil-Shale beds are dark brown to black and well-bedded. They are
composed of a mixture of fine grained muddy sediment and aquatic organic deposits
such as algae. Later, burial and geothermal heating of this organic-rich mud caused
the carbon rich organic molecules to be broken down to form simpler, usable
hydrocarbon molecules.
The Oil-Shale beds seen along the shore today, when processed can produce
between 15 – 30 gallons of oil per ton of shale. The oil content is variable and can be
tested by scraping the edges of the beds with a pen knife. If the Oil-Shale produces a
waxy shaving (figure 7.2) then it's oil content is high. If the Oil-Shale crumbles its oil
content is lower.
Fossils within the Oil-Shale include Naiadites obesus (up to 5 cm x 4 cm), a
non-marine bivalve (a shell made of two halves) and an ancestor of the mussel, are
found alongside minute ostracods, a type of Crustacea (a marine invertebrate) (figure
7.3). Naiadites obesus is exclusively non-marine, indicating the non-marine
environment of Lake Cadell during the Early Carboniferous. The Oil-Shale also
contains dark coloured pellet shaped coprolites, which are fossilised fish droppings,
up to 2.5 cm in diameter.
During the 1850's, the oil content of these shales was significant enough for
James Young, a Scottish Chemist, to set up the first commercial oil-works at
Bathgate. The Lothian oil-shale industry flourished into the 1950's, only to be
undermined by the import of crude-oil from the Middle East.

Figure 7.3: Naiadites obesus surrounded by
minute ostracods. (EG2631)

At this locality, the promontory called Long Rib is formed by two cementstone
beds separated by a single bed of Oil-Shale. Cementstones are more resistant to
erosion than the surrounding Oil-Shales and this difference caused a raised
promontory to form out into the bay.
Cementstone is a fine grained, brown-grey dolostone (a limestone), formed
from the accumulation of muddy sediment originally rich in calcium carbonate. The
name cementstone refers to its suitability for cement manufacture. The Queensferry
Cements found at this locality formed from the muddy sediment which settled out of
the water column and accumulated on the floor of Lake Cadell. The high calcium
carbonate content of the cementstones indicates that Lake Cadell was both warm and
shallow during the Early Carboniferous. Cementstone can be easily distinguished from
other sediments by the pale yellow colour to which it turns when weathered (figure
7.4). The Cementstone also fizzes when in contact with hydrochloric acid, due to its
calcium carbonate content.

Figure 7.4: Alternating laminations of
Cementstone and Oil-Shale

Locality 8: West of Long Rib - Pumpherston Shell-bed – [NT](1413,7845)
To the east of where the small stream flows onto the beach, and amongst the steeply dipping Oil-Shale and Cementstone
beds of the shore bank, a single bed of mudstone deposited in marine conditions is found (figure 8.0). The bed is called the
Pumpherston Shell-bed, or 'marine band' which forms part of the West Lothian Oil-Shale Formation.
The Shell-bed is a soft, poorly bedded, dark grey mudstone with yellow sulphurous deposits. The bed is only 50 cm thick
and can be easily overlooked amongst the Oil-Shales. Within this thin bed, a large number of marine fossils have been
discovered. The interruption of the non-marine Oil-Shale and Cementstone sequence by a mudstone containing marine fossils
has implications for the environmental conditions of Lake Cadell during the Early Carboniferous.
The Shell-bed was deposited during a brief period when the open sea flooded into Lake Cadell. The sea flooding of Lake
Cadell has been linked to sinking or subsidence of the landscape. Breaching of the land to the north-east of Lake Cadell is
believed to be the path along which the sea entered the lake. The sediment deposited above the Shell-bed returns to nonmarine Oil-Shales and Cementstones, suggesting the marine incursion was short lived.
The following table lists information on the types of fossils found, together with their corresponding photos from the
British Geological Survey fossil collection, held in Edinburgh. (Note: In figures 8.1-8.2 the lower scale is in cm)
Name

Information

Figure

BGS collection ref.

Pteronites angustatus A bivalve (two shelled) filter feeder
which strains the water for food
particles.

8.1

GSE 15104

Aviculopecten cf.
subconoideus

A stationary bivalve and filter feeder,
living on the lake bed.

8.2

GSE 11804

Sanguinolites aff.
clavatus

A bivalve and filter feeder. Able to
move against the current.

8.3

EG2594

Streblochondria sp.

A stationary bivalve and filter feeder,
living on the lake bed.

8.4

EG2606

Orthoceras
cylindraceum

A highly mobile snail like mollusc,
living within the water column. Also a
carnivore, actively hunting its food.

8.5

4617

Lingula squamformis

A solitary marine bivalve living within
the sediment and filter feeding.

8.6

GSE 12353

Estheria dawsoni

A branchiopod (a small bivalve), known 8.7
as a clam shrimp. A mobile swimmer
living in the sediment and feeding on
algae.

8604
Figure 8.0: The Pumpherston Shell-bed. Found steeply
dipping within the shore bank. Oil-Shale is found
laterally above and below the bed.

Figure 8.1: Pteronites angustatus (GSE 15104)
Figure 8.3: Sanguinolites aff. clavatus (EG2594)
Figure 8.2: Aviculopecten cf. subconoideus

Figure 8.4: Streblochondria
sp. (EG2606)

Figure 8.5: Orthoceras cylindraceum
(4617)

Figure 8.6: Lingula squamformis (GSE
12353)
Figure 8.7: Estheria dawsoni (8604)

Locality 9: East of Port Neuk - Deltaic sandstones & lagoonal limestones,
White Trap & hornfels sediments – [NT](1405,7845)
The striking white bed at this locality can prove to be an interesting
challenge for students, whose immediate reaction to the colour of bed way be to
suggest a rock type of chalk. However with careful observation of texture,
bedding and the alteration of the surrounding beds, the correct rock type can be
figured out.
The bed is in fact a sill, with an altered composition known as White Trap.
The way in which the White Trap cuts across and around the mudstones and
sandstones found above and below, often isolating large rafts of rock (figure 9.0)
is indicative of a sill. The mudstones and sandstones around the sill show signs of
having been baked. The mudstones have been altered to a tougher, darker
hornfels composition by the heat of the sill.
The sill was originally a fine grained basalt, however the high organic carbon
content of the surrounding mudstones and sandstones caused the sill to be
altered to White Trap. During intrusion, heating and oxidation of the surrounding
carbon rich rocks caused a CO2-rich fluid to be released. This fluid then flowed
through the crystallizing sill and altering its mineralogy. The original minerals
within the sill have been replaced by calcium carbonate, iron and clay minerals.
The alteration in mineral content changed the overall colour of the sill to a pale
cream, however the original fine grain size can still be seen.

Figure 9.0: A partially displaced raft of mudstone
within the White Trap

The sandstone beds beneath the White Trap are
folded downwards and are best observed from the
western end of the White Trap looking north (figure
9.1). The folded beds can be seen dipping north-west.
Striations, or scratches on a rock surface can be
seen towards the eastern end of the White Trap,
behind the fallen sandstone slab (figure 9.2). The
striations point in the direction of folding (northwest). The striations were produced as individual beds
of sandstone slid past one another to accommodate
the deformation produced during folding.
Figure 9.1: Downward folding of the sandstone beds
beneath the White Trap

Figure 9.2: Striations behind
the fallen sandstone block

Figure 9.4: Two stromatolites on the
surface of the sandstone bed

Figure 9.5: Modern day stromatolites, Lake
Thetis, Western Australia. (Ruth Ellison,
Wikipedia)

At the eastern end of the White Trap exposure, where the bay comes to a
point, an exceptionally well preserved stromatolite bed can be seen on the
surface of a bed of sandstone (figure 9.4). Stromatolites are domed, layered
structures and there are ten exceptional examples exposed here. Please do not
hammer at this locality.

Figure 9.6: Faulted dipping sandstones and mudstones at
the end of the point.

Stromatolites form in shallow lake water when blue-green algae
accumulate and cement together grains of sediment in the water. Stromatolites
were abundant during early earth, when the atmosphere was rich in CO2. As more
complex life evolved from the Early Cambrian (570 million years ago) and
oxygen levels in the atmosphere increased, stromatolites have been in decline.
They are rare today; one of the few well developed beds can be found on the
shore of Lake Thetis, Western Australia (figure 9.5). The stromatolite bed
preserved at this locality would have formed in similar conditions on the shore of
Lake Cadell during the Early Carboniferous.
At the end of the point, a cross section through the folded sandstones
beneath the sill can be seen (figure 9.6). A small thrust fault (figure 6.1), where
the beds to the west are moved slightly above those to the east is seen. In the
top few beds of the point there is a detailed section through the cross bedded and
rippled horizons of the baked sandstones. The stromatolite bed is exposed within
the same set of beds as these ripples. Through this connection, it is likely that
the ripples formed as the waters of Lake Cadell lapped up against the shallow
shoreline between the stromatolite beds. A similar situation exists today along
the shore of Lake Thetis (figure 9.5).

Figure 9.7: Ripple cross sections and cross bedding within
the baked sandstone at the end of the point. Found in the
upper beds shown in figure 9.6.

Locality 10: Port Neuk - Dunnet Sandstone – [NT](1381,7841)
The Dunnet Sandstone was deposited during the Lower Carboniferous. The
environment of deposition (known as 'facies') was a delta at the edge of Lake Cadell (figure
10.0). A delta forms when a large amount of sediment is deposited by a river flowing into
an open body of water, in this case Lake Cadell.
During the Carboniferous, the UK was situated near the equator. Much like the
equatorial rainforests of today, the environment at the time was warm and humid. Lake
Cadell was surrounded by swampy forests which would have established on the delta top as
more sediment was deposited and the delta grew.
As the delta formed, plant debris and root networks from the swampy forests were
mixed in with the sediment and preserved within the rock to be seen today.
The root system Stigmaria of the extinct
Carboniferous tree Lepidodendron (figure 10.1) can
be seen within the sandstone (figure 10.2, 10.3).
The roots have a distinctive pattern of equally spaced
pores across their entire surface.
Also
present
are
sedimentary
features
including cross bedding (figure 10.4) and ripples,
Figure 10.4: Cross bedding within the deltaic
created as the delta formed.
sandstone

Figure 10.0: A cross section of delta
deposition into Lake Cadell

Figure 10.3: An exposed Stigmaria
Figure 10.1: Lepidodendron

Figure 10.2: Root fragment Stigmaria
from Lepidodendron

A summary of events
Present Day
Tertiary

295 million years ago

Upper Carboniferous

Variscan

The rocks above those seen in the field area are slowly eroded during the
Tertiary 65 – 1.8 million years ago. The rocks we see today are eventually
exposed along the South Queensferry shore.
Tilting of the rocks occurred during the Variscan mountain building event
380 – 280 million years ago. The rocks from Hound Point to Port Neuk is
tilted to dip shallowly west to north-west. Local folding and faulting on a
small scale occurs.

The newly formed rock is strained at depth and fractures develop, especially
along the bedding planes. Intrusion of magma in to the fractures occur. The
rocks are heated, chemically altered and deformed. The magma cools to
form the quartz-dolerite, alkali-dolerite and white trap sills. The White Trap
sill at locality 9 is altered just after intrusion into the surrounding rocks.

Tilting to the west / north-west

The Lower Carboniferous sediment is buried with further sediment
deposited on top of it. The sediment is compressed and is turned to rock.
The organic rich sediment matures during burial through geothermal heating
to become Oil-Shale.

Sediments heated
and altered

340 million years ago

Lower Carboniferous

A delta builds out into Lake Cadell, depositing sediment that will become the
Dunnet Sandstone. Marshy conditions along the banks of Lake Cadell allow
Lepidodendron to grow.
The sea recedes from Lake Cadell and non-marine conditions return. Nonmarine organisms return in abundance. Sediment that will become Oil-Shale
and Cementstone are once again deposited.
Regional subsidence occurs (the land sinks), leading to the marine incursion
of Lake Cadell. Marine organisms briefly flourish within the lake and are
deposited on its floor.
Lake Cadell forms within the Midland Valley Trough during hot and humid
equatorial conditions. Non-marine organisms flourish. Sediment that will
become mudstone, Oil-Shale and Cementstone is deposited on the floor of
the lake.

The shoreline
marsh and delta

The marine incursion

So, you're at the outcrop and don't know where to start?
Follow these three basic steps:
1. Observe
Don't start writing yet! Have a good look around and locate yourself on
the map.
To begin with it's best to scan the outcrop from a distance, then move in
for a closer look.
Keep your eyes open, the most obvious features are a good place to
start. Get up close, you need to be within inches of the rock to see the
best bits!
Seen something interesting? - Resist the urge to make notes, take some
time to think about what it might be, why is it there and how did it form?
Talk to the people around you about what you have seen, what do they
think? A second opinion will develop your own ideas.
Now you've had a good look and have plenty of ideas you can start writing.

2. Record
A good notebook always contains a record of what you have seen.
Start with a sketch of the outcrop, always including a scale. It needn't
be a work of art, but it should bring out the detail of what you have seen.
A good sketch will record more than you could write in the same amount of
space.
Label your sketch with brief descriptions of the most important points. A
few words is often all that are needed. Further descriptions and even close
up sketches of the best bits can be included later, but remember to keep
things brief.

3. Interpret
Finally, you should include your personal interpretation.
This is where you try to identify what you have seen and make an
attempt to explain why it is there and how you think it may have formed.
Stay true to what you know – the most likely interpretation is often
correct.
Finally, take care to keep your interpretations separate from your
observations. Writing your interpretations in brackets often helps.

Good luck!

An example:

