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Scotia’s Stone

Peter Wilson
Manifesto Centre for Architectural Research, Napier University

The past few years have witnessed a renaissance in the
use of stone in the construction of new buildings in
Scotland, and with it has come demands for more up-to-
date information on the various stone types available from
local sources and the properties of each. This reawakened
interest has been stimulated in part by environmental
concerns and the embodied energy used to transport
construction materials from around the globe, but it has
arguably also been a response to the re-emerging sense
of nationhood that has accompanied the devolution of
aspects of government to Edinburgh. Along with the latter
has come a rethinking of those elements that for centuries
have characterised national and regional identity, with

the importance - and potential — of traditional materials
undergoing a critical re-evaluation.

For most architects, this process is creative rather than
nostalgic, but there is increasing recognition that there is
much to learn from our past on the best ways to use the
natural resource from our quarries. True, there are far fewer
of these working today (around ten) than at the peak

of stone construction 150 years ago (over 750), but the
reopening of Cullaloe quarry in Fife in 2004 may well be
regarded in the future as the turning point for an industry so
umbilically linked to Scotland's built heritage. The Museum
of Scotland, the Scottish Parliament and the Weston Link at
the National Gallery of Scotland in Edinburgh all attest to the
potential for use of indigenous stone in major architectural
projects, but throughout the country many other fine
examples of the use of stone on new buildings continue

to emerge and their completion has put a very positive
spotlight on the quality and distinctiveness of the materials
available from different areas.

Of course stone is not a renewable resource, but aside
from life cycle calculations which can make its use more
compelling, there are several important issues to consider
when specifying stone from Scotland’s quarries as opposed
to material imported from overseas (although the long
tradition which continues to this day of using stone from
England and slate from Wales should be noted). There

is an appreciation here of the ways in which indigenous
stone responds to local environmental conditions and long
experience of working with the material; it is easier to
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Above

The colour and texture of the indigenous stone structure of
Castle Urquhart in Inverness-shire is echoed on the facade of
the adjacent visitor centre by LDN Architects.

Qpposite above

In a symbaolic reference fo the architeciural history of Scoliand,
stones from around the country are set into the concrete wall of
the Parfiament building.

Opposite below

The arrival of devolved government focused attention on
Scottish cufture and lraditions. The Stone Circle by artist George
Wyilie brings together stones from every part of Scotfand on a
site overiooking the Parliament building. A valuable reference
source for anyone interested in the use of Scoitish stone.

monitor the quality of what is guarried
and detivered and it is usually possible
to obtain proven replacement stone
for maintenance and repairs; and

the energy employed in quarrying,
processing and delivery is less than
with stones obtained from abroad.
Scotland's quarries are also significant
employers in what are usually rural
areas, and - against a rising tide

of imported materials — the stone
produced in these Jocations has a
positive economic value to the UK.

All of these reasons would be of no
consequence were it not for the fact
that Scotland produces some of the
world's finest natural building stones.
The purpose of this publication is

to remind architects, contractors,
developers, planners and politicians
of this fact, and to encourage more
use of locally-sourced material. As
with other skills, buiiding with stone
requires knowledge of the resource, an
understanding of how best to design
with it and — most important of all

- regular practice in directly working
with it.

The increase in construction with stone
is not a phenomenon exclusive to
Scotland, however, and specifiers need
to be aware of the plethora of new
European standards covering the use of
this rich and varied material. There are
many challenges ahead, but the stone
industry in Scotland is increasingly

well positioned to respond to the new
demands being placed upon it. This
publication is an important step in
reminding us all of the excitement and
pleasure to be had from building with
Scottish stone.
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A Modern Material

Peter Wilson

Manifesto Centre for Architectural Research, Napier University

For thousands of years the construction of stone buildings
has been characterised by the gravitational methods
employed: stone laid upon stone, the weight of each bearing
onto thase immediately below, with arches, lintels and cills
distributing the structural forces around openings. In this
tradition, walls were the primary loadbearing structural
element, with piers, columns and buttresses of the same
material emerging over the centuries as man sought to
extend the architectural possibilities of stone construction.
Increasingly sophisticated methods and materials for joining
stones developed and the design of building fagades began
to be considered separately from the construction of the
loadbearing rubble walls behind. A distinction between form
and function had begun to emerge.

The 19% century brought cast iron into widespread use as
an industrially-produced structural material. From this, iarger
and taller metal-framed buildings became possible, and the
scene was set for a radical rethinking of the purpose of the
external wall. This came in the 20™ century, perhaps most
influentially with Le Corbusier’s ‘Domino Frame’, a concrete
frame solution utilising repeatable columns and slabs and
which permitted the development of the open plan and the
free facade. The economics and methods of construction
were transformed, and the perceived role of stone in
building was changed forever. No longer essential for even
domestic projects, a new case was required for the use of
stone.

With these changes came a transformation in the knowledge
and skiils required of architects, engineers and stonemasons.
The connection between architectural style and material

was irrevocably affected and the need to understand the
physical and structural characteristics of different stones
began to disappear. The use of stone decreased and with it
demand for warkers who had served the long apprenticeship
to become stonemasons. The craft of hand-tooling stone
was progressively replaced by factory processes, themselves
separated from both quarry and building site and geared

to industrialising as much of the material’s processing as
possible. The need for traditional masonry skills transferred
frorn new buildings to the repair of old ones, and the
architectural understanding of different stone types shifted
to those specialising in conservation and restoration.
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As a consequence, for a large part of the architectura!
profession today the ability to design with stone is
something of a forgotten art, rarely featuring in the
curriculum of schoois of architecture and specified mainly
by practitioners involved in the design of commercial
buildings. Primarily employed in these situations as an
external, non-structural cladding material, a stone’s final
selection is invariably based upon availability, cost, colour,
texture and - fashion. Pressure from planners to match
adjacent properties is sometimes a factor, but the sheer
distance between quarry source and the final application as
well as a diminished understanding of detailing appropriate
to local environmental conditions has too often produced
unsatisfactory results.

Holyrood Park House by architects CDA uses Clashach sandstone to
good effect on its principle facade and demonstrates the suitability
of this stone type to high quality commercial buildings.



Weston Link by John Miller & Partners uses Light Clashach Sandstone to form a battered,
rusticated entrance wall.

Yet stone is the material universally associated with the
constructed landscape of Scotland. From the earliest forms
of habitation at Skara Brae through tower houses and castles
to tenement blocks; from the first ecclesiastical buildings at
Whithorn and lona through Romanesque (Norman), Gothic
and Reformation churches to the 19" century explosion of
denominational construction; and from the mansions of the
aristocracy to the suburban detached villas of the middle
classes, stone has been synonymous with the nation’s
cultural development. Urban expansion brought civic and
cultural institutions, banks, hotels and railway stations. Most
were faced in stone with, more often than not, the material
coming from quarries in the immediate vicinity. The sense of
continuity and of a distinctive indigenous — and regional -
architecture remains palpable, the many external influences
tempered by the need to respond to the characteristics of
locally available stone.

Part of the appeal of the material in

the Scottish environment is the way in
which its appearance responds to local
weather and natural lighting conditions.
From the sparkle of recently-wet granite
in the traditional buildings of Aberdeen
to the rich tones of the red sandstone
used to construct Glasgow's commercial
centre and its tenement housing, the
exigencies of Scotland's climate bring
out the best features of the nation's
wide range of natural stones. And in
response to these characteristics, a

truly regional range of architectural
styles progressively developed around
the country. The sheer hardness of
Aberdeen’s granite mitigated against
fine detailing on the city’s buildings,
while the strong Craigleith sandstone
used to construct Edinburgh’s New
Town appears as precise today as when
it was first cut by masons in the 18%
century.

The best of Scotland’s historic
architecture demonstrates how to take
advantage of each stone’s specific
qualities and evidence can be seen
throughout the country of the many
different but locally appropriate
approaches taken to the manipulation
of advance and recess, of light and
shade, and of surface and texture in the
surface of a wall. These characteristics
are not purely historical, however — they
are the stuff of architecture, and more
use of natural stone in contemporary
buildings may well stimulate architects,
developers, planners and politicians

to once again view one of Scotland's
most important natural resources as a
fundamental — and economically viable
- element in the historical continuum of
our towns and cities.
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Table 1 Types of stone in Scotland and their variability

Sedimentary rocks Metamorphic rocks

Sandstone

Sandstone is a sedimentary rock
containing visible mineral grain
constituents held together by
natural cement. Sandstones vary
widely in terms of constituent
minerals, cement types, grain size
and pore structure, leading to a
wide variety of colours and different
performances as building stones.
Many Scottish sandstones are
composed of variable proportions of
quartz grains, naturally cemented by
silica or, in some cases by carbonate.
Variable quantities of clay minerals
may be present. Mica may also be
present. Sandstones may be massive
{without internal lamination) or
bedded. Sometimes they may have
sedimentary structures such as ripple
bedding or cross bedding. Rarely
they may contain fossils. Depending
upon these factors they respond
differently to tooling. Bed heights
vary and dictate how stone may

be used for example as traditional
ashlar or as modern cladding.

Flagstone

Flagstone is generally a layered
(thinly bedded or laminated)
sedimentary rock (sandstone or
siltstone) capable of being naturally
split or riven into large thin slabs
suitable for paving. Some flagstone
quarries are capable of producing
‘stone slates’ for roofing.

Limestone

Limestone is principally composed
of caicium and/or magnesium
carbonate, commoniy formed from
the accumulation of fragments

of marine organisms, It is widely
variable in colour and texture and
may contain fossils on a microscopic
or macroscopic scale,
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Fine to coarse-grained crystalline
rocks originating from the molten
state. Basic or intermediate igneous
rocks such as basalt, dolerite or
gabbro are generally dark or grey
in colour and contain little or no
quartz. Pale or strongly coloured
varieties such as felsite and porphyry
are generally associated with
volcanic areas. The colloguial term
‘whinstone’ is commonly used

to describe igneous rocks other
than granite, although this name

is commonly applied to any dark
hard rock, such as the sedimentary
greywacke sandstone of southern
Scotland.

Granite

Granite is a coarse-grained
crystalline igneous rock composed
of visible quartz, feldspar and mica,
intergrown to give a uniform hard
building stone. Granites can vary
widely in colour, with common
grey and pale red-orange varieties
dependant on their feldspar
composition.

Metamorphic racks are the products
of alteration of sedimentary and
igneous rocks by temperature

and pressure. Metamorphism is
often referred to in relation to
‘metamorphic grade’, where a low
grade metamorphic rock is one
which has undergone a moderate
degree of alteration and where
original features such as bedding
are still preserved. High-grade
metamorphic rocks may undergo
complete recrystallisation or even
melting producing a hard crystalline
rock with complete destruction of its
original textures, containing distinct
metamorphic banding such as in
schist and gneiss,

Slate

Slate is a general term used for any
stone capable of being uniformly
split to form a natural roofing

tile. ‘True slate’ is the product of
metamorphic alteration of very fine
grained rocks such as mudstones
at such high temperatures and
pressures as to completely
recrystallise the constituent minerals
to form a series of parallel cleavage
planes along which the stone will
readily split into thin sheets. ‘Stone
slates' are sedimentary rocks (or
metamorphic rocks) which do

not possess true slaty cleavage,
commonly splitting into thin slabs
along bedding or other planes.
Note that slate can also be used as
building stone and for paving.

Marble

Marble is a limestone that has been
recrystallised by metamorphism
under conditions of heat and
pressure. The presence of different
metamorphic minerals in marbles
can result in widely different
appearances, such as the green
serpentinite marbles formed by the
iron- and magnesium-rich minerals
olivine and serpentine.



What is Stone?

Andrew A McMillan and Ewan K Hyslop,
British Geological Survey

What is stone? The Oxford English Dictionary
defines stone as " A piece of rock or hard

mineral substance (other than metal), of small to
moderate size", One of the most commonly used
terms related to geology it derives from stan (Old
English) and steinn (Old Norse). In the Gaelic it

is clach.

The formation of sedimentary rocks was
described in 1802, by Professor John Playfair,
uncle to architect William, and friend of James
Hutton, founder of modern geology. The notable
19% century Scottish geologist Sir Archibald
Geikie eloquently commented on the process

of transition from uncensolidated sediment to
sedimentary rock: "If you take a quantity of mud,
and place it under a weight which will squeeze
the water out of it, you will find that it gets
firmer. You ¢an thus harden it by pressure. Again,
if you place some sand under water which has
been saturated with lime or iron, or with scme
other mineral that can be dissolved in water, you
will notice that as the water slowly evaporates it
deposits its dissolved material round the grains
of sand and binds them together. Were you to
continue this process long enough, adding more
of the same kind of water as evaporation went
on, you would convert the loose sand into a solid
stone. "

This is essentially the process of lithification
(derived from the Greek word lithos — a rock).
Thus in a sedimentary basin through compaction
by the weight of overlying strata and by
cementation by mineralised fluids so sedimentary
rocks are formed. In contrast, igneous rocks are
usually consolidated by crystallization of minerals
from molten material either within the earth's
crust {e.g. granites) or at the surface (e.g. basalt
lavas). As their name suggests metamorphic
rocks have been transformed (recrystallised) from
the original rock by a combination of heat and
pressure. In these circumstances, new minerals
sometimes form.
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A Land of Stone

Andrew A McMillan and Ewan K Hyslop,
British Geological Survey

Scotland is a land of stone. Its
diverse landscape owes much to the
complicated underlying geological
foundation of sedimentary, igneous
and metamorphic rocks some of which
date back nearly 4000 million years
{Table 2). The nature and distribution
of the rocks reveal a prehistory which
involved the opening and closing of
oceans, intermittent volcanic activity,
the formation of sedimentary basins,
the development of ancient river
systems and repeated glaciations.
Over the last 5000 years Scotland's
varied rocks have provided a major
source of building materials. It is the
nation's geological complexity - the
geodiversity ~ that is responsible

for the diversity in its stone-built
heritage in terms of both materials
and architectural style and which
accounts for local distinctiveness. The
fundamental geclogical properties

of a particular rock type in an area
determing how that material can be
shaped and utilised as a building stone.

Structurally Scotland can be divided
into three fundamental geclogical
regions separated from each other by
major faults. North of the Highland
Boundary Fault, extending from Arran
to Stonehaven, the Highlands and
Islands are dominated by Precambrian
(Dalradian, Moaine and Lewisian)
crystalline metamorphic rocks (Table
2) including metasandstone, quartzite,
schist, gneiss, slate and, less commonly,
marble. Lewisian gneiss makes up
much of the Quter Hebrides and

NW Scotland where it is overlain by
remnants of hard, bedded, purple
Torridonian metasandstone. Generally
the crystalline rocks are difficult to
work using traditional methods and
were used only locally for building
purposes. Slate {(metamorphosed
mudrocks) of the Grampian Highlands
{e.g. Ballachulish) were exploited on a
major scale for roofing.

Use of metasandstone in Episcopal Church,
Kinloch Rannoch. 1864.
(A A MMilian)
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Table 2 Geological timescale and distribution of Scottish rock types used as building stone

Geological System

Age of base
in millions of
years

General distribution

Typical Scottish building

stone types

QUATERNARY

TERTIARY (NEOGENE)

CRETACEOQUS

JURASSIC

TRIASSIC

PERMIAN

CARBONIFEROUS

DEVONIAN

SILURIAN

ORDOVICIAN

CAMBRIAN
DALRADIAN
TORRIDONIAN
MOINIAN

PRE-

CAMBRIAN
ARCHEAN
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65

140

200

250

300

360

410

440

510

570

850

1000

1200

Qldest
Scottish rocks
¢.4000

Throughout Scotland

Inner Hebrides, Arran, Tertiary
dykes in Western, Central and
Southern Scotland

Remnants on Mull, Skye,
Lochaline

Moray Firth Coast and pockets
in Inner Hebrides

Moray Firth Coast

Solway Coast

Dumfries and Galloway,
Mauchline, Arran

Midland Valley, Solway coast,
Berwickshire

Angus and southern parts of
Midland Valley; Caithness,
Northern Isles; granites

of Southern Uplands and
Grampian Highlands

Southern Uplands

Southern Uplands

North-west Scotland

Grampian Highlands, Argyll,
Islay, Jura

Skye and Applecross to
Laxford; parts of Cape Wrath

Northern Scotland and
northern part of Grampian
Highlands

North-west Highlands and
Quter Hebrides, Coll and Tiree

Various glacially-derived
materials, both of local and far
travelled origin

Basalt lavas, gabbro and other
igneous rocks including basalt
dyke swarms; Arran granite
and dykes

Sandstone

Sandstone

Sandstone

Red sandstone

Sandstone; basalts and other
volcanic rocks

Sandstone,notably Flagstone;
major granite intrusions;
Andesite lavas and other
igneous rocks

Greywacke sandstone,
siltstone (locally used as
‘slate”)

Greywacke sandstone,
siltstone (locally used as
‘slate’)

Quartzite, Durness Limestone

Slate, quartzite, schist,
metamorphosed igneous rocks

Arkosic sandstone
{Feldsarenite)

Schist, quartzite

Gneiss, schist, quartzite,
marble



Clashach stone in the Museum of Scotland, 1999. (A A MMillan)

Igneous rocks (Table 2) are widespread, with major granite
intrusions of Devonian and Carboniferous age present
throughout the Grampian Highlands and older Precambrian
intrusions in the Northern Highlands. The famous granites of
Aberdeenshire were exploited over centuries and exported
around the world. Younger Tertiary intrusions underlie
western coastal areas and islands, forming large granite

and related igneous bodies in the islands of Skye, Mull and
Arran.

Devonian sandstones, present in Caithness and Orkney,
were deposited in a vast lake, producing both flaggy
material and thickly bedded strata which have long been
exploited respectively as pavement and building stone.
The Mesozoic sandstones which occur in coastal areas on
Mull and Arran were also hewn, generally for local use.
Sandstones of similar age were worked around the Moray
Firth and still supply quality stone (e.g. Clashach).

The fault-bounded lowlands of the Midland Valley of
Scotland is underlain by mainly Devonian and Carboniferous
sedimentary strata, deposited in former river systems

and desert plains. Sandstones were exploited over

many centuries to build villages, towns and cities. Many
sandstones were relatively easily worked both for pavement
and masonry. Small sedimentary basins of Permian red
sandstone were exploited in the late 19* century (e.g. at
Mauchline, Ayrshire), particularly for the Glasgow market.
Devonian and Carboniferous intrusive igneous rocks and
volcanic lavas are present in the Lothians and around
Glasgow but are difficult to work and were generally

A 19th century greywacke constructed
building in Earlston. Note pink sandstone
quoins and lintels. (a A McMillan)

used locally for rubble walling, or for
roadway construction including setts.

The land of the Borders and Southern
Uplands, south of the Southern
Upland Fault, is mainly underlain

by folded strata of Ordovician and
Silurian age. The main rock types

are greywacke sandstone (a hard

rock made up of mineral and rock
fragments, colloquially known as
whinstone), siltstone and mudrocks.
The greywackes are difficult to work
and were generally used only locally
for rubble walling or roughly dressed
dimension stone. Fissile siltstones
provided reasonable stone 'slates’

for roofing. Stone was also supplied
from the inliers of Permian and
Triassic red sandstone, in Dumfries
and Galloway, and the Devonian and
early Carboniferous sandstones of the
eastern Borders. The granite masses of
Galloway were exploited for building
and monumental purposes and
harbour construction. Smaller bodies
of Devonian and Carboniferous basic
intrusive and volcanic rocks are locally
present, particularly in the north and
east of the Southern Uplands and were
mainly used for only local construction.

Building with Scottish Stone 1 11



Geological influences on how stone was used

The early construction of walls and dwellings commeonly
utilised rounded field-stones and boulders, the products of
glaciation, gathered from the land or from the bed of rivers
and along the coastline. Much of this material was used with
little, if any, further dressing to form randorm rubble walls.
Field clearance during the late 18™ and early 19th centuries

provided a ready source of boulders suitable for the building ks

of field drains, enclosures and march dykes. The character of
the dykes very much depended on the geological nature of
the stones. In western Scotland weather-worn, rounded field
boulders of a range of rock types were utilised to produce
ill-fitting constructions. In contrast, the Devonian (‘Old Red
Sandstone’) flagstones of Caithness and the Northern Isles
were set in the ground on edge to produce a tight-fitting
fence arrangements. When laid horizontally these regular
shaped flagstones produce brick-iike walls. Galloway dykes
used mainly hard greywacke sandstones of irregular shape
and size. The irregular profile of such material demanded
highly skilled mason work for effective coursing. Tightly
packed small face slip-stones and pinnings were commonly
used to make up the course bed height.

Local stone was extracted from rock outcrops not only

for domestic and farm use but also for larger buildings
such as medieval castles which were mainly rubble-built
constructions. The size of available stones, determined by
the geological factors such as bed height and joint spacing
in the original rock, affected the form of the building. The
relatively small dimensions of available stones dictated

that walls were mainly constructed with small openings, a
feature suited for the purpose of defence, The availability
of large stones determined whether wide openings could
be spanned. Thus large blocks of dressed stone were often
transported from further afield for use as lintels and corbels
of window and door apenings. Stones used for tombstones
and slabs, crosses and effigies also utilised local stone of
metamorphic and sedimentary origin which could be easily
worked and sculpted.

Stone resources, past, present and future

In the [ate 18" and 19* centuries, as villages and towns
grew from early settlements so the requirement for building
materials increased and large numbers of local quarries were
developed. Before the days of mechanised transport local
sources of stone were utilised almost to the exclusion of
materials from farther afield except for the most important
buildings and monuments. Owing to the cost of transport
this continued to be the case well into the 19th Century.
Thus many of the buiklings in major Scottish cities and
towns were constructed of local stone with only materials
for roofing and paving being sourced from further afield
(e.g. slates from Argyllshire and paving stone from Angus
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and Caithness). Stone for both ashlar and rubble work could
often be supplied from the same quarry by working different
beds. The Early Carboniferous Craigleith Sandstone, west

of Edinburgh, for example, supplied the finest ‘liver rock’
(massive, non-laminated sandstone) for ashlar in the New
Town. Broken residual material from dressed blocks together
with more thinly bedded sandstone was used for rubble-
built walls thereby ensuring fullest use of the stone resource.
Hailes Quarry, Edinburgh yielded primarily thinly bedded,
laminated sandstones which, although unsuitable for ashlar,
was in much demand for squared rubble and also for stairs
and landings. Similarly, Glasgow and Dundee had local
sources of sandstone which could be used for a variety of
purposes. The local theme is continued with granite: the

city of Aberdeen, the “Granite City", and other towns in

Above Aberdeenshire, and Dalbeattie in Dumfries and Galloway are
Typical arrangement of rock-faced, rusticated and polished built almost wholly of the locally available resource.

ashlar in pale-coloured Craigleith sandstone, the New Town of

Edinburgh.

In the 19t century Scotland became a major producer of
building stone and slate for both local use and for export. By
Opposite page. Top to bottom. 1860 there were in excess of 1200 working quarries. With
Vertically emplaced flagstones in the quarry harbour at the development of the road, canal and railway networks,
Castletown, Caithness. (A A MMillan) . . .

it became economic to use a variety of stones from further