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T|'H'-.‘ILIQ|‘1-E|LI:I the Glosgow ond Ayrshire area, the effects of human activity are clearly evident in the landscope:
rivers are bridged, the land is culfivated, and, in places, the rocks have been quaried and mined. This
landscape, which is several hundrad millions of years in the making, charts Scotland's jsurney across the face of
planat Earth. This landscape fashioned by geclogy is not simply o backdrop to human history and development

- it has been the fundamental factor in determining where and how people have lived and worked.



Giasgow and Ayrshlre Through Time

0 yeors aqo. The cimute wamed s the lnst glaciers malted. :
Iumm 11,500 yoars ape. The climate cooled sgain during the Loch Lomaond Stadial and glaciers expanded in the

Hightands, extandiey) to the southem end of Loch Lomand. A shore platform with a plmmﬂi'lmunmma

the ice. Mlbeatur rivers cist new valleys and g
30,000 1o 18,000 years nga. The last ice sheet sxpanded, covering the whaole area,
40,000 to 30.000 yeors ago. Woclly mamimaths. woelly rhinoceras and reindesy wern presont duting fimes when the
placian weve less gatanaie but the climata was stll arclic in 13 seventy.
2.5 million to 410,000 yoars ago. Thare wera many glacial and interglacial episodes with repeated groweh and decay of
qhunmﬁ:nunm Mn:m:ﬁﬂ.ﬂﬁmmnlmdnmmﬂmmm The glaciers
3 o the Clyd wmm-yuﬂ-m mmnm«m&mnm

Browyn bars indicate peniods of tome represened by the rocks and deposits seen in the Glasgow and Ayrshire area
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Geological Map of Glasgow and Ayrshire

Permian sandstone and
volcanic rocks

Coual-bearing Upper
Carbaniferous rocks

Lower Carbanifenous
limestone and coal

Lowwner Carbsonaleraus
woleanic rocks

Dewondan sandstones
and volcanic rocks




Scotland is United as an Ocean Closes

The story of the geclogy end landscape history of the Glosgow
and Ayrshire area begon around 450 million yeors ago when the
oldest rocks were formed. This wos during the Ordovician period
of geological fime, a fime in Scofland’s history when Scotland and
Englend were separated by o wide ocean, called the lapetus

Ocean, which was the size of the modern-day Atlantic.

The area that was to become northern Scolland lay south of the
Equatar, on the coostal margin of a continent called Laurentia that
also included Greenlond and Marth America. As o cansequence
of plate tectonics, also known as ‘continental drift', this continent

collided with another continent that carried England.

The collision led to the disoppesrance of the lapetus Ocean and
brought logether the various component ports of the Earth's crust
that now form the foundations of the country. This union betwean
northern Scotland and Englond oceurred
during the Silurion pericd and was both
a destructive and constructive even!
leading to the farmation of central and

southern Scotlond.

A Silurian eurypterid

(Fossilised scorpion-
like sea creature)

Silurian rocks near Lesmahagow



Diagram showing the Midland Valley of Scotland late in the Silurian period after the ¢closure of the lapetus Ocean

remains of the
lapetus Ocean floor

A choin of voleanic islands that lay between the continants
conlaining northern Scotland and Englond, was cought up in
the collision and became the foundation of the Midland Valley,
or Central Bell, of Scotland. The ocean floor on either side of
this voleanic island chain sank into the Earth’s monlle, beneath
the continental margins. The ocean floor sediments which had
occumuloled of the edge of Laurentio, north of the valcanic
islands, were lolded, deformed and baked to form the
Dalradian metemorphic rocks of the Scolfish Highlands. As the
ocean south of the voleanic islands wos swallowed up, the sand
and mud on its floor was scraped off and piled up to form the
Southern Uplands. Taday the remnants of the ocean floor can
be found olong the margins of the Midland Valley.

Foults produced during the continental collision defined the
margins of the Midland Valley: the Highland Boundary Fault 1o

rivers and lokes on
the site of the former
lapetus Ocean

extinct chain
of volcanic islands

the north and the Southern Upland Fauli to the south, The
Midland Valley sank dewnwards alang these foulis ond became

a ‘basin’ inte which rivers droined and lakes formed.

Silurian sedimantary rocks accur in the area between
Llesmahagow and Muirkick. They represent sand, sill and mud
that accumulated in the closing lopetus Ocean, then logoons,
ond eventually lokes, os the area become dry land. In these
walery environments some of united Scotland's first onimals
lived. They included primitive fish that lacked jows and were
okin 1o the modern eellike lomprey. Other animals included
large scorpion-like creatures known os eurypterids, some types
of which grew up fo two melres in length, The fossil remains of
these early inhobitants of Scotlond are found within the
sedimentary rack loyers.



A Desert Between Mountains

Red sandstone and conglomerate layers of Devonian age at Largs



Devonian conglomerate ot Portencross, north-west of Ardrossan, laid down by a fast-flowing river in
a desert-like environment

During the Devanian period, the erustal compenents forming

Scolland became ‘welded’ together and the foundations of the
country were complete. Scotlond, however, cantinued lo move
with the drilt of the confinents and wos heading north towards

the Equator.

Although the environment would have been desertlike, vast
braided river systems on the scale of the modern-day Ganges
Hlewed inte the Midland Valley basin, carrying boulders, grovel,
sand and other sediment, which built up layeruponlayer. In
fima, thesa loose sediments become consolidated 1o form the
conglomerate and sandstone beds which are indicative of this
period. Many of these rocks have a distinclive red-brown
colouration, caused by o rusty coating of iron en the censtilvent
sand grains. Somefimes known as the 'Old Red Sandstone’,
these Devonian rocks ore well exposed olong the Ayrshire coast

and also in the Lanark area.

The ongaing drift of the continents resulled in upheavals in the
newly formed foundations of Scatland during the middle port of
the Devanian period. This disrupted the river systems and tilled
newly formed rock layers, Late in the Devenian, sediment wos
once again deposited in the Midlond Volley bosin. This was
derived fram the erosive oclion of water and wind on the ancestors
of the Highlands and Southern Uplands. The persistence of desert:
like conditions at this fime is illustrated by the occurrence of sand
dunes in the rock record, The dunes would hove blown ocross the
surfoce of the basin as the whale area gradually sank down

towards sea level al the end of the period,

Disturbance of the Earth's crust during the Devonion helped
continue the formation of the low-lying Midland Valley and also
gove rise to volcanic octivity, particularly af the southerm margin
of the area at Galston. Volcanic oclivity wos to be a key teature
of the development of the landscape in this area for nearly

100 million years.



Volcanoes Shape the Landscape

A
J"I‘IIU the E}Eqihr‘.il'lr_] of the Carboniferous F.[”i.;_;.d around 355

million years ¢ colland was drifling close fo the Equater
ond the desertlike environment gradually gave woy to mare
tropical condilions. Rivers once ogain deposited sediment in the
lowrdying areas which, as resull of subsidence of the crust
beneath, were periodicolly flooded by the sea with the
tormation of lagoens. A batle for supremacy in the Glasgow
and Ayrshire landscope between the dry land and the sea was

to be the stor ¥ far much of the Carboniferaus periud

A mojor episode of volconic activity in the Glasgow area,
resulling from stretching of the erust, inferrupted this batile for
around 3 million years. During the volcanic activity, layerupon.
loyer of lava erupted onlo the landscape to form g lava plateau,
Volcanic ash, which indicates mo plosive activity, was

also produced.

A red-coloured ‘fossil’
soil between two lava
flows at Loanhead
Quarry near Beith, The
top lava flow is about
ten metres thick
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Layer-upon-layer of lava underlies the landscape at Duntocher
near the Erskine Bridge. The flows are tilted toward the right

The lava plateau reached o thickness of over o kilometre, the flows
originaling from eruplions along cracks or fissures in the crust in
the Dumbarton to Kilpatrick Broes arec. Although there was o
thick accumulation of lava in the Glasgow areq, only a lew of the
flews reached s far south as Ardrossan and beyond.

Knewn as the Clyde Plateau lavas, and composed mostly of
basalt, these valcanic recks farm much of the high ground of the
Glasgow and Ayrshire area and con be seen where rock is
exposed between Greenock and Strathaven, The Renfrewshire
Hills, the Glenilfer Broes, the Beith-Barrhead Hills and the Cathkin
Broes are important landscape features, oll fashioned from the
early Carboniferous basalt laves. Away from these areas of high

ground, the lavas underlie younger rack layers,

Lava flows were also erupted from valcanic vents such as
Dumbarton Rack. Such vents have been found to contain

fragments of rack thot came from the lower part of the Earth's

crust. These provide a valuable insight into the rocks deep down
in the crust below the Midland Valley.

The valcanic activity was not continuous and hundreds or aven
thousands of years may have elopsed between eruptions. This
resulted in the weathering of the tops of the lova flows, and the
formation of soils under the hot, mois! conditions. Loanheod
Quarry near Beith shows o good example of a layer of soil
between twe lava flows. Elsewhere, thick layers of volcanic ash
can be found between some flows. This is illustrated af
Boylestone Quarry near Bartheod, where three lavas ond o
thick bed of ash occur,

Fellowing the end of the volcanic octivity, weathering and
erosion of the lave plaleau took place. This, together with the
variable thickness of the lovo flows, praduced an uneven
landscape that affected the distribution of land and sea during
the remainder of the eorly Carboniferous.



Sun, Sand and Sea

Layers of limestene in Trearne Quarry near Beith, formed in a shallow tropical sea




Changing sea levels during Carboniferous fimes resulted in

cycles of environmental change, with the formation of
different rock types. One such cycls is shown here

Fulln'wing the eruption and then parfisl erasion of the Clyde
Plateay lavas, the environmental condifians that existed before
the volconic episode were re-established in the londscape.
Initiolly sediment such as mud and sand, derived from the
weathering of the lavas, covered the uneven lova plotecu.
Eventually the battle for supremacy resumed befween the land
ond sea with the encroachment of o shallew tropical seo onto
the ploteau. By 330 million years ago, similar environmental
condifions prevailed over the whole areg, as most of the lava

platecu became submerged.

The shallow sea, which wos okin to the modern-day Bohomas,
repeatedly Aooded the londscope over the next 10 million
years. Limestone formed through chemicol precipitation of
calcium carbonate in the warm seawater and from the
occumulation of the shells ond skeletons of sea creatures.
Logoons formed in the coosial areas. At ather times, rivers
carrying sond, silt and mud info the seo, led to the farmation
of dellos and new land surfaces. Dense equatorial forests
thrived and died on the swampy land surface on top of the
deltas, ond gave rise fo peot, which, in lime, became coal,
Later, the sea would once agoin fload the land, repeating the

cycle of environmental change,

Over millions of years, this consiant switching from open
shallow sea and coastal lageaons te swoemp land ond river
conditions, then back again to morine conditions, gave
rise lo repealing rock layer cycles of limesione, mudstone,
silizfone, sandstone, seatearth and coal. Under certain
conditions, iranstone was formed, usually at the bottom of

shallow-waler lagoons.

Environment
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during early Carboniferous times




A fossil shark Akmenistion zangerli found at Bearsden as reconstructed left

The fossil remains of creatures that thrived in the Carboniferous
seas of Scotland are parficularly well preserved in the
limestones of Ayrshire. At Trearne Quarry near Beith, there are
the fossil remains of a rich and diverse marine founa, including
corals, sponges; the ancestors of molluses such os squid, oysters,
sea snoils and even jellyfish, The occurrence of sharks’ teeth
indicates that there ware also large marine predators in the

oncient tropical sea.

Close o the lond, a lageon environment that developed around
330 millien years ago in the orea that is now Bearsden was
home to o variety of sea creatures, including of leost fourteen

different species of fish, some of which were sharks.

Bearsden is one of the best and most importont fassil shark sites
in the world and many significant discoveries have been made

there in recent years. Fossil collector Stan Wood, working with
the Hunterian Museum in Glasgow, first discovered the site

whilst walking his dog in the early 1980s. In addition 1o

Dibunophyllum - solitary coral

Lingula - two shelled

marine animal

Lithestrotion - colonial caral

complete and superb specimens of sharks, the fossil remains of
several unique roy-finned fish and shrimp-ike crustaceans have
alsa been found. The preservation of these fossils is so good that
even the muscles and blood vessels are displayed. Some of the
sharks, like the one illustroted here, hod a peculior triangular
sheped, leath-covered structure termed o 'brush-organ’ attached
to the back of the head. Probably o modified dorsal fin, the
brush was likely 1o have been used in the mating

display of these sharks, One species of shark, akin to modern-
doy 'raffish', hod crushing teeth that enabled it to eal molluscs
and other shellfish from the floor of the logeon. All was nal
peacceful in this ropicel environment, however, as velcenic

octivity rumbled on in Morth Ayrshire at this time,

13



Ancient Swamps and a Landscape Under Strain

Coal swaomp reconstruction

Key: a-dragonfly b - Llepidodendron (scale-tree) c-Tree fern d- Calamites (horse-tail] e-amphibian

| e socand bol of the Carbonifarous period, the Glasgow and
Ayrshire area was dominated at intervals by swamp and river
environments. These were periodically drowned by the seo but
not to the extent that significant limestones developed. This was
the time when dense tropical forest covered large areos of the
Midland Valley, giving rise to the economically important Coal
Measures. Hol tropical conditions persisted, as Scotland was still

in the vicinity of the Equator but slowly moving northwards.

There were three distine! low-lying basins in the area, where coal
occumulaled. These subsequently formed the coalfields of
Central Scotland, Ayrshire and the Douglas valley. The three

oregs were seporated by higher ground underlain by the lavas

14

that had erupted some 50 million years earlier and defined in

part by foults in the crusi.

An impression of a Carbeniferous forest environment may be
gained from o visit 1o Fossil Grove in Victoria Park, Glasgow. In
1887, quarrying revealed eleven tree trunks in growth position,
complete with the tops of their root systems showing. The fossil
remains of tree trunks and branches olso occur amang the frunks
an what would have been the floor of the ancient forest, These
slumps are giant club mosses. Although older than the rocks of
the Coal Measures, the part of the forest preserved ot Fossil
Grove provides a valuable insight into the spocing of rees in the

coal forest enviranmant,



Towards the end of the Carbeniferaus period,
Scotland drifted north of the Equator. The greal
ts died out and Scotland ance again
d dry climatic conditions,

becoming an arid desert

By 300 million y qo, Scolland was part of the
huge supercontinent colled ‘Pangaea’, which
comprised all the world's continents, The Glosgow
and Ayrshire area remained low-lying and
bounded by the mountains of 1 hghl-::rlrjr. and

the Southam |._|r_1|u|||:‘5_

The coming tagether of Pangoea, with the closure of
an ocean 1o the south in the area that is now central
Europe, creoled sh in the Earth's crust,
hese forces did not have a major impact in
Scotland, althaugh the newly formed Carbenifercus
rack layers were tilled and folded and, in places,

broken by faults

Ongoing tensions in the crust below the area
continued lo give rise to volcanic aclivity. In late

Caorboniferous ond inlo very eary Permian ftimes,

magma derived from partial melling of rock deep in

the Earth was squeezed into crocks and between

magma formed horizontal, inclined ond vertically
arignlated sheats, known os “sill' and “dyke’
intrusions. Excellen! examples of late Corboniferous -
early Permian sills and dykes occur al Troon,

Ardrassan and inland at Lugor.

The fossil remains of tree stumps at
Fossil Grave, Victoria Park, Glasgow
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A New Desert Landscape

During the Permian period, Scotland drifted further northwards
into latitudes that are today occupied by the Sahara and

Arabio. Around 260 million years ego, sand blew across o
desert londscape to form dunes, ond, like some of the earlier
Upper Devanian desert deposits, they hod o red colouration due
to o rusty coating of the sand grains. These younger desert
sandstones have became known as the ‘New Red Sandstone’, to

distinguish them from the deposits of the Devonian period.

The remains of the red sand dune deposits of the Permian pericd

occur at Mouchline. Here, hundreds of metres of desert

sandstone accumulated as dunes buill up on o foundation of

several hundred meires of Permion lava. The lavas formed fram

a locolised centre of valcanic activity that developed on top ol

the Ayrshire coal forest. At Howford Bridge the red deser! sand
deposits are well exposed, together with lavas and valeanic
ashes. The former Ballochmyle stone quarry at Mauchline
showed evidence for the huge sand dunes thot once existed
ocross Ayrshire. Study of these encient dunes hos revealed that
the wind blew ocross the Permion desert londscape

predominantly from the east,

Ballochmyle Quarry
as it appeared
around 1921,
providing a cross
section through
Permian sand dunes




Riverside exposure of the characteristically
pink-coloured Mauchline sandstone ot
Howford Bridge, near Mauchline

During the Trigssic period, the climatic conditions became more seasonal,
There were lokes thot periodicolly dried aut, and by 210 million years age
the sea slarted to encroach onto the landscape. Around the lokes and in
inter-tidol areas, the sharilegged repiilion ancesiors of the dinosaurs

would have left their footprints in the soft sandy sediment.

During the Jurassic and Cretaceous periods, the Glasgow and Ayrshire
area allernated between being either dry land or shallow sea. Dinosaurs
would probably have lived in the areq, inhabiting vegetoted londscapes.
Towards the end of the Cretaceous, o sea covered much of Scotland and
a loyer of chalk, representing the remains of huge numbers of marine
plankion, formed on the sea bottam, The chalk would have been very
similar 1o that which can be seen today on the south coasl of England.
Heowever, at the end of the Crefoceous, the land rose obove the sea and
the blanketing layer of chalk, together with underlying layers of rock that

would have preserved the remains of dinosaurs, was eroded away.,

Almost fram the lime it wes lu||y farmed during the Permian period, the
Pengoea supercontinent was splitfing aport and new oceans, such as the
Atlantie, started fo form. By the Paloeogene, oround 60 million years age,
the Morth Atlantic was beginning to open. This caused tension in the crust
of western Scotland, giving rise to o line of volcances from Arran 1o

St Kilda, Evidence of the stretching that split the crust is avident where
magma rose up and salidified in the cracks to form dyke intrusions across
the area. There are good examples of these dykes at the coost, for
example al Largs and Sallcoats, where they cut through softer sedimentary
rocks. Some now stand prowd, like walls, because they erode less easily

than the softer rocks oround them.

Hod the split in the crust occurred 200 kilomelres 1o the east, the Glasgow

and Ayrshire areo would now be port of the landscape of North Americal

W,




The Onset of the Ice Age

oD
' Limit of Loch Lomand

Readvance glaciers

>ﬂ . \ let-mevament direction
\ : : during ice-sheet glaciation

The diversity of londforms and londscapes in the Glasgow During the lce Age, the climate regularly swung bock and forth
and Ayrshire area con be explained by the geclogical between warm and cold conditions. In the colder episades
teundations and the weathering and erosion of the rocks over (glacials), glociers existed in Scofland; during the warmer
millions of yeors under a variety of sublropical and temperale periods (inferglacials), the climate wos more like it s today and
climate conditions before the onset of the Ice Age around 2.6 may even have been warmer, During the more intense
million years ago, and since then by the action of frost and glacials, ice sheets covered oll of Scotland apart from the very
glaciers. The brood oullines of the landscape, as well as highest summits. This probably occurred five or six times during
many of the details, owe much to the variety of hard, resistont the lost 750,000 years, and during the many less cold
recks and sofler, weaker roeks and the effects upon them of epizodes, smaller mountain glaciers existed in the Highland
weathering ond erosion. Although the general form of the corries and glens. Today we are sfill in the lee Age, albeit in o
landscape was largely in ploce before the onset of the lce warmer, interglacial phase known as the 'Helocene'

Age, the glacial period has left o particularly distinctive
legacy in the landforms today.
18



Each successive glaciation not only helped to shape the
landscape, but also removed most of the deposits of earlier
glociotions. Therefore much of the evidence we see today dates
fram the time of the lost glacial period, between about 30,000
and 11,500 years age. However, there are o few crucial sifes
where earlier deposits have fortuitously survived. Typically,
these are buried layers of peat or soil, and the pollen, plont ond
insect remains that they conlain provide o wealth of
enviranmental information about vegetation and climate before
the lost glociation. In paris of lowland Ayrshire and the lower
Clyde valley, bones have been lound of large mammals that are
now extinct in Scotland, including mommath, woolly rhinoceros
and reindeer. These date from the time before the last mojor ice
sheet glociation and indicate o period of cold, non-glacial

condifions like parts of the Arctic today.

U L

Reindeer were present in Scotland during the Ice Age
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lce Shapes the Landscape

During succassive glacialians, the glaciers deepened the lower
parts of the Clyde ond Kelvin valleys, forming rock basins that
descend to over 70 metres below present sea level. These were later
infilled with glacial and other deposits. Elsewhere, ice-streamlined
landfarms are commaon, such as the crag-and4ail features af Loudoun
Hill in Ayrshire and the Mecropolis in Glasgow. These formed where
maore resistent volcanic plugs or sills protected weaoker sedimentary

rocks an their lee sides from the lull force of the glaciers.

During the lost glociotion, glociers expanded out from the southawest
Highlands some time after obout 30,000 years ogo and reoched
their maximum extent around 22,000 years ago or slighly eorlier.
The ice extended south and eastwards from Cowal, Loch Fyne and
Loch Lomand ocross the Midlond Valley ond southwards alang the
Firth of Clyde, which was then dry land because of the lower werld
seqa level. The glaciers farmed a vast sheet of moving ice which
buried the local londscope to o depth of perhaps 1,400 metres.
Glaciers also built up in the Southern Uplands and moved
northwards across the southern and central part ol the oreo, merging
with the Highland ice and diverting the latier westwards across
dyyrshire. This is reflected in the character of the glacial deposits in
ceniral and southern Ayrshire. Here, glacial deposits with erratics
(far-travelled rocks) carried by the glaciers from the Highlonds are
overlain by deposits derived from the Southern Uplands,

The glociers smothered the lowlands in a blanket of il - o chostic
mix of boulders, gravel and pebbles in a matrix of sand and clay
picked up os the ice moved ocross the frozen wastes. The colour of
the 1ill varies according 1o the lype of rocks that the glaciers Aowed
ocross and eroded; for example in the Glasgow areq, the 4l is red
where it contains Devonion rocks and grey where it contains

Carboniferous rocks.

Drumlin landscape north of Glasgow




The ice also moulded the fill to form distinctive areas of
elongated low hills, or drumlin, in the Glosgow area and in
lowland Ayrshire. The buildings of Glasgow University occupy
prominent positions on the crests of the drumlins, while curving
street patlemns in cerfain areas, for exemple Maryhill and
Messpark, follow the loyout of the landierms. The hilly drumlin
topography of the city is also reflected in many of its place-

names, such as Jordanhill, Maryhill, Hillheod and Cremchapel.

e drumlins are generally steeper on their western sides. Their
The drumlin g ly steep: th i des, T

orientations also show how the ice How fonned out eashwards
north of the Clyde and south-eastwards south of the Clyde as it

moved out from the Highlonds.

An unusual feature of the glacial 6ill deposits in Ayrshire is the
presence of sea shells, which indicates that the ice moved anshore

fram the Firth of Clyde of some stoge during the glaciation,

The Clochedrick Stone is a large glacial erratic of basalt lava that was transported by a glacier to its present
location near Lechwinnoch, north of Beith; from the Renfrew Heights to the north

Fa




Melting lce Makes its Mark

Abour 15,000 years ago, the lost mojor ice sheet malted as
the climate warmed rapidly. The meling ice released vast
quantilies of melwater which cut channels in the bedrock.
These chonnels now form dry valleys, for example on the north
sicle of Tinte Hill. On lower ground, the meltwoter deposited
lorge amounts of sand end gravel, notably in a belt from
south-west of Lanark to north-east of Carstairs. These deposits
often take the form of mounds (kames), ridges [eskers) and
terraces, somefimes loid dewn in contact with the ice. Good
examples of eskers accur ot Eogleshom Moor, Kaims of Avon
and Chapelion, but the most spectacular are the Carstairs
Kames. These deposits form part of a major glacial drainage
system directed north-east lowards the Firth of Forth, Only after
the lower Clyde became icedree did the drainage resume o

narth-west route olong the Clyde valley,

The Highland glaciers retreated towards the north-west, so that
the Clyde estuary remained blocked by ice at @ fime when the
ice in the Clyde valley hod melted. As the glociers refreated,
lokes were dammed in the middle and lower Clyde valley ["Lake
Clydesdale’) and in the valleys of the Avan Water and the River
Kelvin. Large thicknesses of sand and gravel were deposited in
deltas in the loke around Loudoun Hill in the valley of the Avon

Waler, but these have now been quarried away.

The final stoges of ice retrect were occompanied by the removal
of the ice barrier across the Clyde estuary, allowing the ice-
dommed lokes to drain, possibly in great floods. The seo also
floaded into the Glosgow crea up to an alfitude of 35 - 40
metres obave present sea level, forming o large embayment in

the Paisley-linwood area, This occurred because the land
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Carstairs Komes are a series of esker ridges
formed by glacial meltwater rivers. The former
extent of the landforms has been significantly
reduced by sand and gravel quarrying

S5and and gravel deposited in a glacial lake at
Loudoun Hill has bean extensively quarried

surlace was siill depressed from the weight of the ice. Thick beds of
estuarine clays and silts were deposited confaining cold woter, or
boreal, sea shells. These can be seen in siream sections of Geilsion
near Cardross. At this time, the seo olso looded the lower lying parts
of the Ayrshire coasl, forming o lorge embayment between Ayr and
Ardrossan. Relotive seo level then fell as the land rebounded.

The improvement in the climate, however, was shortlived and glaciers
once more took hold in the Highlands some time after 13,000 yeors
age, during a brief cold period known os the Loch lomond Stadial.
These Lech Lomond Readvance glaciers produced many of the
morgines that we see fodoy in the Highland glens and ihe large end
moraines around the southern end of Loch Lomond. The summils of the
hills in the southernmost part of the Glasgow and Ayrshire orea are
exlensively covered in frostshottered debris and deposits formed by
the slew dewnslope movement of the soil (solifluction], that probably
date in part from this ime. Salifluction also affected the steeper slopes
of the drumlins in the Glosgow area. On Tinle Hill, where the
vegelation hos been eroded, superb stone stripes are actively forming

today through freezing ond thowing of the soil in winter.







Changes at the Coast
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The Main Reck Platform at Seamill extends inland beneath
postglacial raised beach deposits to a prominent cliffline

Dun‘ng the glociol periods, sea level fell as the expanding ice A shore platform and rockcul backing cfiff are conspicuous along
sheets locked up the world's freshwaters, and rose again during much of the coastline of the Firth of Clyde and in the Clyde
interglacials when the glaciers melted ond released their water estuary. They are porticulorly well disployed between Largs and
bock into the sea. The level of the land also varied, sinking Inverkip, between West Kilbride and Ardrossan, ot Heads of Ayr
downwards under the weight of the growing ice sheets and and around the Ardmare peninsula near Cardross. On Greal
rebounding when they melted. Such changes are now eviden! Cumbrae the platform forms a raised bench running the whole

in raised beaches around Scotlend's coastling, where they way round the island. The plotform is part of a leature known as

provide flat building land and the basis for some of our most the Main Rock Platform, 1t is tilled ond dips southwards,

tamous links golf courses including Traon and Turnberry, becoming intertidal near Heads of Ayr, due to less crustal

24 rebound in the south where the ice was thinner.




This platfarm and cliff were cul during the Loch Lomond Stadial
through & combination of frost weathering, sea-ice and wove
actian, bu! may in part be clder feciures that were re-occupied
by the sea. The platform is often overlain by postglacial

|{Holocene) raised beach deposits, mainly of sand and grovel

Later, about 9,000 yvears ago, the seo level rose ogoin and
large areas of the coastline were drowned. The sea flooded
once more inlo the lower Clyde valley, forming o large

embayment in the Paisley-Linwood areo, submerging the ground

Turnberry Golf Course is located on a raised beach

below an altitvde of obout 7.5 metres, In the lrvine area in
Ayrshire, the sea extended 4-5 kilomeatres inland from the
present-day coast. Some of these changes con be seen in the
deposits in the valley of the River Irvine. Here, o buried loyer of
peal indicates relatively lower sea levels before about 9,000
years ago. Rising sea levels, however, covered the peat with
several metres of beach sonds ond grovels. Seo shells ond even
the bones of stronded whales heve been found some distance

inland in these roised beach deposits. The sea remained ot o

relatively high level uniil obout 7,000 years ago, then tell 1o its

present level,




Rivers Reappear

The Clyde is the main river in the aren. Rising in the Southemn
Uplands and flowing north-west through Glasgow fo the Clyde
estuary and the Firth of Clyde, the river has played o crucial

role in the origin ond development of the city,

The Clyde and other pasiglacial rivers [such as the Irvine and
Ayr) inheriled a lendscape modified by glaciers. The lost ice
sheet hod infilled the pre-existing river valleys with glacial
deposits and, in some cases, buried them completely. When the
ice melted, the rivers did not always fellow their previous
courses, but excavated new valleys, leaving the old channels
buried. A good esample is the Clyde near Llonark. Here, the
river cul @ new pasiglacial course through o narrow, seven
kilometre long rock gorge, praducing two spectacular waterfalls
at Bonnington Linn and Cora Linn. Similarly, the Kelvin and the

Mouse, tribularies of the Clyde, have corved deep new

The Clyde
estuary between
the Erskine
Bridge and
Dumbarton Rock

postglacial courses. From the late eighteenth century, the power
of the Clyde ot Mew Lanark was harnessed 1o drive cofton-

spinning machines.

Elsewhere, the posiglacial rivers rewarked the glaciol deposits,
meandering bockwaords ond lorwards across their loodplains
unfil modern river engineering consirained their courses through
conalisofion and flood embankments. The River Clyde at its
junction with the Medwin Waler is o good example of an actively
meandering river which hos not been subject to major
enginearing warks. Former posifions of the river are revealed in
the pattern of wellpreserved abandaned channels, meander
cutofts and oxbow lakes on its floodplain. The layering of the
sediments within the abandened channels records the eccurrence

of past floods an the river.




The Clyde estvary begins downeriver from the Erskine Bridge,

where the narrow valley cut through resistant Carboniferous

lavas widens oul. Westwards, thare is o sharp hransition from
the shallow estuary lo deep marine walers near Greenock,
where the estuary joins the glociolly deepened drowned volleys
emerging from the Highlands and which now farm the Firth of
Clyde. The estuary, like areos upstream, is infilled with thick

depasils of till and estuorine sediments, exceeding 45 metres in

depth, plugging the pre-glocial valley. The shallow water depth
of the estuary is evident at low fide, when banks of mud and
sand are exposed between Dumbarton and Greenock. Since
the mid-eighteenth century, major efforts hove been mode 1o
manage the estuary and fo develop and maintain o deepwater
channel far navigation into the heart of Glasgow. These
angineering works helped sustain the industrial development of

the city as ships increased in draught.




Exploitation of the Geological Resources

[ terms of econemic resources the Carboniferous was arguably
the mast important period in Scollish geological history. Three

rock types formed during this lime, nomely coal, limestone and

ironstone, were crucial for the industrial development of the area.

The extraction of these geclogical resources goes back to o time
before accurale records were kept, but it is thought that medieval
ecclesiostical communities were involved in their utilisation

Although the level of activity has declined considerably, raserves

of coal and limestane are stll being explaited.

The coal seoms formed during Carbaniferous times literally fired
the indusirial revolution. Cool wos used with anather product of
the Carboniferous environment, ironstane, in the iron and steal
industry. Coal powered the steam-drivan transpor, the trains
and ships, and heated homes. Coal was also used to burn
limestone to produce lime for ogricullural purposes and

for the production of lime mortar and plaster ysed in the

building industry.

Mine waste in an industrial

landscape near Kirkintilloch
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‘Stoop-and-room’ limestone workings at Baldernock, near Milngavie Subsidence at Chéatelherault

The fassil soils or seatearths found in assaciation with the coal beds

were also of economic importance. Tropical weathering in the
Caorboniferous enviranment washed the minerals out of the soil
leaving o muddy residue, called kaolinite clay, rich in aluminivm,
Bricks of baked kaclinite were used to line furnaces, An example is
the Ayrshire Bouxitic Clay found in the Dalry to Kilmarnock area,
which is ane of the highast quality fireclays in the UK, worked
formerly of the Monkcastde Mine in Dalry. Mudstone olso formed
in the ancient Corboniferous environment, and, as o by-product of

coal mining, was offen used in brick making.

The extraction of these resources has left a legocy of mines,
quarries and dumps that hove offected the landscape. Some of the
dumps form artificial hills including one near Kirkintilloch. These
have largely been removed for use os fill, for example in rood

construction work, or smoothed out and landscaped.

At the Linn of Baldernock east of Milngovie, socalled 'stoop-ond.
roam’ workings in imesione can sill be seen. This wos o method
of mining that involved remaving some of the resource but
leaving pillars 1o hold up the roof. Limekilns are scottered across
the landscape and are testament, in the agricultural context, fo
the burning of local limestone to provide lime for improving

soil quality,

The cellopse of old mine workings below ground has led to
subsidence of the surface in various places Homilton Paloce,
the home of the Dukes of Hamillon, wos demolished in the
19205 following structural damage resulting from subsidence of
the ground beneath it. Chatelherault, formerly part of the
Hamilion's estate within the Chatelherault Country Park, is still

standing but bears witness to ground subsidence.

29




Human Activity Continues to Fashion the Landscape

During the twentieth cenlury, the deep mining of cool became
uneconamic and loday there are no underground coal mines
operating in the aren.  However, the exiraction of coal does
confinue through opencaost working, where it is removed by
stripping away the overlying rock layers. Opencast mining
can allow the exiraction of coal from areas where the geclogy
is complex and virtually impossible to mine conventionally dus
lo the presence of foults and waterlogged ald workings.
Working from the ground surfoce downwards alse allows for
the extraction of several loyers, or seoms, of coal rather than
having to dig o separale mine lunnel into each seam, as in

conventional coal mining

Al Glenbuck by Muirkirk, coal seams within the Douglos

Coalfield are being worked by opencast coal methods. In

such opencast operctions, the lopsoil is stipped off the bedrock
and stored in mounds. The rock which overlies the coal is colled
the ‘overburden’. 11 is removed to reveal the coal and is used
direcily to "backfill’ the areas of the opencast mine that have
been ‘cooled-oul’, Once the occessible ond econemic coal
reserva has been removed and the site has been backlilled, the
soil is reploced and efforts are mode to have the area restored

to marry in with the surrounding londscape.

Other large modern quarries exist for the extraction of
Carboniferous-oge igneous rocks, which tand o be sirong and
duroble. Usually the rock is crushed into small fragments known
as ‘aggregate’ lor use in the construction industry. Aggregote
conlinues lo be worked in the Swinlees Guarry on the oulskirls of
Daolry. The rock is an unuswal type of lava known as ‘rhyolite’,

that fills @ volcanic vent, which was erupting af the

T ! {
\ _—t- same fime as the Clyde Plateau lavas.

Sond and gravel deposited by glocial meltwater
rivers have been exploiled along the Clyde and
"= Kelvin vallays. A Ardeer in Ayrshire, blewn sand
in dunes formed after the lce Age hos been
extracted, the sond being vsed for gloss-making

and foundry wark.

Extraction of rock for use as aggregate
at Barr's Swinlees Quarry near Dalry






Buildings from Sand

View over the lawn at Dean Castle, Kilmarnock

Thc buill enviranment is another human aspect to the
landscope, ond for millennic pecple have used stone in the
construction of dwelling houses and other buildings
Wherever possible the stone was sourced locally, literally
within metres of the building site. The quarried building
stane used throughout the Glasgow and Ayrshire area was
almost invariobly sandstone derived from the Devonian,
Permian and, more commenly, the Carboniferous rock layer
sequances, The colour of the building stone is usually o
good indicator of its oge and therefore how it was formed.
Maost of the well-known red sondstones of Ayrshire were
formed in the arid and desertlike enviranments of either the
Devonian or the Permian periods. White, cream or buff.
colovred sondstones from the Corboniferous period are

mostly river channel deposits,

Al Bearsden, in the second century, the Romans ulilised the local
Carboniferous sandstone in the construction of a bathhouse.
Large, flat slabs of rock were well svited for paving ihe floors of
fhe strocture, whilst smaller blocks were used in the consiruclion
of the walls. This eorly consiruction work would have required o

degree of quarrying to provide such lorge slobs

Many of the area's other historic buildings were constructed from
sandstone obtained within metres of their locations. Dean Castle
in Kilmarnack, which dates from the fourteenth cenlury, and was
for centuries one of Scolland’s most impregnable baranial
strongholds, and Porlencross Caostle illusirate the use of locally

sourced building stone.
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In the nineteenth and earlier part of the hwentieth centuries,

sandstone from local quarries was used in the construction of
presfigious buildings ond housing, including tenements,

The Bishophriggs and Gilfnock Sondstones were the we
most important building stanes in the Glasgow area; bath
were extensively quarried ond then mined 1o build most of

Victarian Glasgow.

The construction of urban vermocular houses and other buildings
in the past would, for the most part, have ulilised rubble derived
fram the nearest rivers and from fields. However, when
resources permitied, sandstone would hove been quarried and
transpaorled for use as dressed stone for lintels, door jombs and

quoin slonas on Cormers.



Flagstones of lacal Carboniferous sandstone form
the floor of the Romaon bathhouse at Bearsden




The Built Environment Tells a Tale

The use of ‘imported” stane in the construction of some of the
presfigious buildings of Glasgow end the surrounding area
documents the increasing wealth during the Industrial Revolution
and subsequently. The increased ‘geodiversity’ of the city centre
also reflects the development of communications, principally the
railways, powered by coal. In Glosgow's 5t Vincent Ploce, the
building at number 24 was built using red-coloured Parmian
sandstone from Mauchling. This sandstone was quarried from
Ballachmyle Quarry pictured on page 16. Nearby at 8690 St
Vincent Streel, there is a white or offwhite building stone thal
was fransported to Glosgow from Dorset on the south coost of
England. This is Portlond stone, a limestone formed in shallow

Iropical seas during the Jurassic period.  Ancther ‘alien’ rock

type used in the building of Glosgow con be seen ot 34-38

g s

Sandstone at Chatelherault shows
evidence of being formed in a river

Wesl Gearge Streel. Here, pink-coloured Peterheod granite has
been used in the construction of the pillars and balustrades.

Unlike the Mouchline sondstone and the Portland stone, which are
sedimentory rocks, the Peterhead granite is o coorse grained
igneous rock derived through the slow coeling of mallen magme

al depth in the crusi

Study of these building stones and others in the area can reveal
the story of their formation. The desert origin of the Mauchline
Sandstona is apparent from the grains of sond from which it is
made. The grains are rounded and hove a rusly iron coating,
indicative of being blown across o dry desert floor under oxidizing

conditions. The layering evident in this Permian sandstone

represents the original layering within mighty sand dunes.

Ripple marked sandstone, produced in shallow running
water, forms the floor of the Bearsden bathhouse



The lower storey pillars at 34-38 West George
Street, Glasgow, are made of Peterhead granite

24 5t Vincent Place, Glasgow, was built using
red Permian sandstone from Mauchline

In contrast, the lightcoloured Porllond stene contains fragmented
fossil remains of the skeletons and shells of marine creatures
which tell the tale of its formation in a shallow tropical sea, The
interlocking mineral grains of the Peterhead granite are teslimony
to its molten origin. All the major granite-forming minerals can be
seen with the noked eye, principally clear quanz, pink feldspar

and dark mica.

Evidence for the origins of stanes used in the construction of other
buildings highlighted in this book can, with careful cbservation,
be revealed. Blocks of the locally sourced red sandstone

from which Chatelheroult is buill, show layers known as
‘cross-bedding’, produced under flowing water in a
Corboniterous river environment, The sandstone slabs utilised in
the second century Roman bathhouse of Bearsden hove
preserved ripple marks of the type found today in any sandy
shallow marine or river environmenl. Given the similarity
between these ancient ripples and their modern day equivalents,
it is warth speculating for @ moment whether the Roman
slonemosons who constructed the bathhouse were able 1o

read the tale of the ancient structures in the rock. -




The Landscape Today by Alison Grant
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The Finnieston Crane on Stobeross Quay in Glasgow’s docks, a 59 metre high cantilever crane built
in 1932 to load heavy machinery onto freighters and transfer beilers and engines inte new vessels

The Clyde made Glosgow and Glasgow made the Clyde”
This local saying embedies the relationship between the
geography, culture and economics of the vast city of Glasgow

and the river which flows through its heart

During the eighteenth and nineteenth centurins, the city ond ifs
extensive hinterlond were the focus of a vibrant and ropidly
changing society, The deep walars of the Clyde were the
catalyst far manufacturing enterprise and intermational trade,
while the city expanded to occommodate a rising population,
with streets and parks often arranged to make the mast of
extensive views from the drumlins. The coastal towns became
holiday resorls, and the river was used for pleasure boats os

well oz commercial traffic,
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Underpinned by an impressive industrial infrastructure, the rich
natural resources were exploited across the surrounding
lendscope. The increased wealth generated by this industrial
endeavour was used to develop grand mansions and an
improved agriculiural landscape with hedges ond field trees
While many of these estales are either buill over or in decling,
some of the parks and policies now farm the core of today’s

popular country parks.

The landscape today is shill in the grip of change. As quickly
as the legacy of past industrial expansion disappears, new
land vses such as forestry, opencast mining ond wind power

take their place.



on the hills behind. The earlier houses have been built using sandstone derived locally




Sites of Special Scientific Interest (SSSls)

Lynn Spout 5551 near Dalry

Other sites include Trearne Quarnry ol Gateside near Beith, The
huge variety of wellpreserved fossils cantained within the
limestone beds ot Trearne hove provided on cutstonding insigh
inta the complex ecosystem within the shallow trapical sea thal
axisted over the area around 330 million years ago. The rock
sequence at Rouken Glen 5551 on the outskirts of Glasgow, is
of natienal importance as it provides o valuable insight into the

geology of the Central Scolland Coalfield

The Clachodrick Stone 5551, which is one of the smalles)
protected sites in Scolland, is important for illustrating the
movement of ice across the area during the lce Age. The
Carstairs Komes are an outstanding example of an esker
system. There are also river 5555, notionally imporiont for
river landforms and ongeing dynamic processes, such as the
Falls of Clyde and the Clyde Meanders.

Geological and landform sites ore often just as vulnerable 1o

changes in land use as wildlife habitats. For example, sand

There are around 34 Siles of Special Scientific Interest, or and gravel exiraction eround Carstoirs has completely

5551, in the Glasgow lo Ayr and Clyde valley areq, reflecting destroyed parts of the irreploceable Carstairs Kames esker

the notional and internofional importance of the geologicel and sysiem and the adjocent landforms. Fossil sites in the vicinity of
landform heritoge of the area. Such siles include Fossil Grove, Lesmaohogow have been fargeted by ruthless ond irresponsible
which provides an invaluable and precious insight inta the collectars, which has threatened to destroy an internationally
environment and growth of trees In @ Corboniferous forest significont fossil resource. Appropriofe management will ensure
around 325 million years oge. Fossil Grove was one of the first that these important siles ore sofeguarded for the benefit of
locations anywhere in the world to be afforded protection and future generations.

conserved for future generations

a8



RIGS - Regionally Important Geological
and Geomorphological Sites

5:-:1!i5h Matural Herllage is concerned nol only with the
conservation, enhancement and interpretation of the stolulory
natwork of Sites of Special Scientific Interest [SS51s), but alse with
the promation of geaconservation in the wider countryside and at a
local level. This is delivered through support for the enhancement

and interpretation of Regionally Important Geologicol ond

Geomorphological Sites (RIGS). RIGS are a non-statulory
designation and are defined according 1o four nationally agreed
criteria; for their educationol, research, historical ond oesthetic
value. To date in Seotland, the emphasis has very much been on

the designation of sites for use in education and interpretation.

Currantly there are six RIGS groups in Scotland: Fife, Highlands,
Lothian and Borders, Stirling and Clockmennan, Tayside, and
Strothelyde. Representatives on these groups include: local autherity
planners, rangers, museum and educalion services; Scotish MNatural
Heritage (Advisory and Area staff); British Geological Survey;
Scottish Wildlite Trust; Scotfish Rural Property & Business

Association; universifies; and amaleur volunteers,

How does a local RIGS group work?® The answer is: in many
different ways. Generally they have a mainly professional
committee thot meets quarterly and o volunteer group that meets
manthly. The commillee monitors pragress, designates RIGS, and
directs the effarts of the volunteer group in producing interpretation

leaflets ond posters and visiting existing or potential RIGS sites,

More infarmation an Scoltish RIGS may be found at

.scoltishgeclogy.com

Rock exposure on the beach at Saltcoats, possibly a
candidate for interpretation by the local RIGS group




Scottish Natural Heritage

and the British Geological Survey

Scottish Natural Heritage is a government body.
Its gim is to help people enjoy Scotland’s
natural heritage responsibly, understand it

more fully and use it wisely so that it can be

sustained for future generations.

SCOTTISH

NATURAL

HERITAGE
—

Scoffish Matural Heriloge
Graot Glen House, leachkin Rood

Inverness 1V3 8MW

The British Geological Survey maintains up-to-
date knowledge of the geclogy of the UK and
its continental shelf. It carries out surveys and
geological research.

The Scottish Office of BGS is sited in Edinburgh.
The office runs an advisory and information
service, a geological library and a well-stocked
gealogical bookshop.

British Geological Survey
Murchison House

West Mains Rood
Edinburgh EH® 3LA
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EARTH SCIENCE 555Is

4>

N

14
ﬁ;"

4

N, ,,_/
S - s e area BEA

ATLANTIC : »
& i f">
DCEAN ma
fadhd I N
L'ﬁ_ i P
N

Qithfjf’ﬂ

SHETLAND Y | 3—5..

FELANDG 5 Da’ 3':'
g
4 'Qi:-l:l

apf

i

OAKKEY
IBLANDIS




SCOTTI
NATUR
HERITA

o wilnerals ol
e eviEt il fay
iy, ris wiudy,
= And yrwemlet b
relon g My
1 bl

et Bty vl o' poaidls il Pl
Twagmrits, weal asail distinlisg planis sr wililile

N e

Wi pumnlidprate, and da nul sk things
mary dilfivull or hasardwas ler pthers
oy alfer yuid.

SAFETY FIRST!

v Wipsl prafoating goggles wbam hamassring
w Wpar alty hats im apuarrios bl il
LT | S RO L

& Dol et woai ol ey Whos b

[P Te—

N iotedl de Dsimmed inillsrrininaisdy !
Srwor pullor] fiom malls op haddag.

ﬁ““
| -
T gt
g ¥
F thad B spirit ol he
canby i gl

Moo waiei Bk Wt wiglvls b =l el ™ ey shle
Trry b lewvw e wite g gonny Bl 12

Maak W1 ruranabisns wikory sgoveary be
nmiel dnfiiry 1o preple o animals,

Whan's g i i Taws = i ieighaly
jusialgd nusila s, svmbals ar gleber
ol gre-liles.

& Kpmrmbir, yuu sre wne of sevorsl
bundreil protagisiy sisilimg, Ihés arra
ey et = pir Debissisur does
FLET.

W Fleins alvarir ihe cmbe, v il sllory
wam alin gwgfey The greal sooniry, grale-

a1



Also in the Landscape Fashioned by Geology series...
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Glasgow and Ayrshire : A landscape fashioned by geology

o story that has been savaral

"This booklet expertly peers beneath the unassuming rolling lowlands of Scotland's industrial heart to
reveal an amazing rocky underworld forged by 450 million years of tectonic forces, wind, fire, water
and ice. Like any good detective story, it finds that the clues to this region's remarkable journey
through fime lie scattered all around us, sometimes in the most surprisingly familiar of places."

Dr lain Stewart 'geologist and broadcaster’

About the Authors

Colin MacFadyen waos born and braught up in Morth Ayrshire. Finding fossils, including shark feeth in the Carboniferous limestones
of the areq, was the stimulaus to study and follow o coreer in geology. He now works as o geclogist advising on the canservation,
management and intertpretation of Scotland’s geological heritage. With a particular interest in volcanic geclogy, he has experienced

several aclive volcanoes in lceland, USA and Ikaly.

John Gordon is Earth Science Group Manager with Scolfish Matural Heritage. He has studied and written extensively about glaciers
and glaciated landscapes in many parts of the world, including Scotland.
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