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MONUMENTS OF1 
INDUSTRY 
an illustrated historical record 

T his volume, which forms part of a series 
of occasional publications, presents a 
fully illustrated account ofthose Scottish 

industrial and engineering lllonuments that 
have been recorded by the Royal Commission 
on the Ancient and Historical Monuments of 
Scotland since the early 1950s.1t draws upon a 
considerable amount of material that has been 
gathered over the years largely in the course of 
county Inventory research programmes and 
threatened building surveys. The subjects 
cover a whole range of industries from iron 
smelting and heavy engineering workshops to 
grain milling and kippering, andfrom medieval 
bridges to aircraft and airship hangars. The 
emphasis is placed on upstanding buildings, 
machines and processes, which are described 
from a structural and technical standpoint. 
The authors, GeofIrey D Hay and GeotIrey P 
Stell, have arranged the material in seven main 
sections, each with its own explanatory 
introduction and summary descriptive 
accounts of the principal subjects: Farming 
and fishing industries; Malt whisky distilling; 
Textiles; Metallurgy and engineering; Engines 
and machines; Extractive, chemical and 
related industries; and Communications. 
A major feature ofthe book is the wealth of 
illustration which includes more than 360 
photographs and 95 specially prepared line
drawings, valuable not only for the information 
that they contain but also for the techniques of 
recording and presentation that they display. 
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PREFACE 

BY THE EARL OF CRAWFORD AND BALCARRES 

Chairman of the Commission 

The Royal Commission on the Ancient and Historical Monuments of Scotland was established in 1908 to make 

a record of all the buildings and monuments in the country earlier than 1707, and to specify those most worthy 

of preservation. In 1948 the limiting date was relaxed to permit inclusion of selected examples of 18th- and 
19th-century buildings in the county Inventories of monuments. In its survey of Stirlingshire, begun in the early 

1950s, the Commission took full advantage of these extended terms of reference by describing a range of 

monuments which reflected the early industrial development of that county. The results of what might be 

claimed as pioneering fieldwork in Scottish industrial archaeology were published in 1963, I and subsequent 

topographic surveys in the less heavily industrialised counties of Peeblesshire and Argyll have continued to 

treat industrial and engineering monuments on a similar basis. 2 

Industrial buildings have also figured prominently in the threatened building surveys carried out by the 

Commission since 1966, the year when it assumed responsibility for the administration of the former Scottish 

National Buildings Record, now the National Monuments Record of Scotland. This programme of emergency 

survey work received statutory recognition in 1969, when a new Planning Act stipulated that no listed building 

in Scotland should be demolished until the Commission had been given an opportunity to make an appropriate 

record. Not all industrial monuments fell within the scope of this programme, however, and the heavy and 

specialised demands of industrial recording led eventually in 1977 to the formation of the Scottish Industrial 

Archaeology Survey. This unit, originally funded mainly by Scottish Development Department and directed by 

Mr J R Hume from the Department of Economic History, University of Strathclyde, was transferred to the 

Commission in April 1985. 

Recognising the great importance and interest attached to this subject, the Commissioners have decided to 

publish a representative selection from the large amount of material relating to industrial monuments amassed 

during the first thirty years of the Commission's activities in this field. This monograph forms part of a series 

of occasional publications designed to give fuller treatment to subjects which cannot be embraced within the 

normal course of the Commission's publication programme. 

The monuments described in this volume reflect aspects of the industrial, technological and commercial 

transformation of Scotland since about the middle of the 18th century. Evidence for earlier remains, other than 

bridges and a few mills , rests largely upon the techniques of archaeological and historical research. These 

techniques have been used to assist in the graphic reconstruction of some incomplete or vanished sites of later 

date, but otherwise the present work is directed principally towards upstanding buildings, machines and 
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processes. These are described and analysed from a structural and technical standpoint, and discussion has 

occasionally been extended to the wider applications of industrial artefacts. 

The collection of case-studies presented here is primarily intended to demonstrate the range of Scottish 

industrial monuments, the techniques involved in recording them, and the value of the information assembled. 

It should be stressed, however, that outside the areas covered by the county Inventories the material has not 

accrued as a result of a programme of systematic survey and research. The majority of the subjects in this book 

were recorded in response to random threats of different kinds; time has been found to make good some 
deficiencies in the record, but other obvious gaps in the overall coverage of industrial monuments still remain. 

The variety of circumstances under which these records have been compiled over a thirty-year period also 

accounts for some inconsistencies in approach and style of presentation. The Commission's aim throughout 
has been to obtain as full a descriptive record as the subject merited and as time and circumstances permitted; 

the record of those monuments that were in operation at the dates of survey usually includes an account of the 

associated industrial processes . For the purposes of this publication an attempt has been made to ascertain 

what has happened to these buildings and monuments since the surveys were made, and to identify any that are 

protected by legislation. 
For convenience the material has been arranged in seven main sections, each with its own explanatory 

introduction and summary descriptive accounts of the principal subjects. In almost every case fuller descriptive 

reports are available for reference in the National Monuments Record of Scotland. This publication differs 

from previous national industrial surveys, however, in placing considerable emphasis on illustrations, and 
especially on line-drawings. Most of the drawings have been specially prepared for publication and composed 

as study-sheets, but several have been deliberately kept in the form of on-site pencil surveys. Photographic 

coverage includes the results of low-level aerial photography carried out by the Commission's staff, and 
illustrations of all kinds have been drawn from the archival resources of the National Monuments Record of 

Scotland. There is a considerable, and growing, literature on Scottish industrial archaeology, but, whilst an 

immense debt is freely acknowledged to the published works of other scholars,3 the notes and references cited 
in support of this text are mainly restricted to the contributions made by the Commission and members of its 

staff. 
Commissioners and staff involved in the preparation of this book would like it to serve as a tribute to the 

memory of Mr Angus Graham, one-time Secretary of the Commission and a pioneering fieldworker in the 

archaeology of Scottish transport and industry. 

The subject of this monograph serves to illustrate a major aspect of the work carried out since 1954 by one of 

the Commission's Investigators, Mr Geoffrey D Hay. The compilation of this volume was entrusted to him, 

and the Commissioners wish to record their deep appreciation of the way in which he has selected the material, 

especially the illuminating line-drawings which form such a conspicuous feature of this book. Mr Hay has 
received great support from his co-author, Mr Geoffrey P Stell, who, in addition to writing a substantial 

portion of the text, has given much help with editorial matters, and from Mr A MacLaren, who has edited the 

volume. Mention should also be made of the important contributions made by other members of the 
Commission's staff: by Mr S Scott, Mr D R Boyd, Mr A J Leith, Mr I G Parker and Mr J N Stevenson of the 

Drawing Office, all under the direction of Mr I G Scott, who was also responsible for the design and layout of 

the volume; by Mr G B Quick and Mr J D Keggie and their colleagues in the Photographic Department, Mr J M 

Mackie, Mr S Wallace, Mr A G Lamb, Miss A P Stirling and Mr R M Adam; and by Mrs D D Burton, Miss M 

Isbister and Miss E J Drysdale, who did the clerical and typing work. 

Acknowledgements for assistance or for reproduction of material are also due to the owners and occupiers of 

all the monuments and buildings recorded in the course of this work, and especially to the managers and staff 

of those which were in operation at the dates of survey; to members and staff of the Council for British 
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Archaeology, Industrial Archaeology Research Committee (especially Mr R Wailes and Mr K A Falconer); Her 

Majesty's Customs and Excise Museum, London (Mr T G Smith); Edinburgh City Libraries; Edinburgh City 

Museums; Falkirk Museums; Fleet Air Arm Museum, Yeovilton (Commander P J Craig, RN (Retd) and Mr G 

Mottram); Museum of Flight, East Fortune (Mr D N Brown and Mr A G I Dodds); Mitchell Library, Glasgow; 

lronbridge Gorge Museum Trust; Museum of Islay Life; Kirkwall Library, Orkney (Mr R K Leslie); National 

Library of Scotland; National Maritime Museum; National Museum of Antiquities of Scotland; New Lanark 

Conservation Trust; North of England Open Air Museum, Beamish (Director, Mr F Atkinson) ; Prestongrange 

Colliery Museum of Mining, East Lothian District Council; Public Record Office, London; Royal Scottish 

Museum (Mr I T Bunyan, Mr J D Storer, Mr J L Wood); Science Museum, London (Mr J B Hill and Dr R F 

Bud); Scottish Development Department, Historic Buildings and Monuments Directorate; Scottish Industrial 

Archaeology Survey (Mr J R Hume, Mr G J Douglas and Dr M K Oglethorpe) ; Scottish Record Office; Her 

Majesty's Stationery Office; The Fishery Office, Wick ; Wick Heritage Museum; Angus District Council ; 

Grampian Regional Council, Roads Department; and to Mr C G Booth, Dr W A Campbell , 

Lieutenant-Commander D Falkingham, RNR, Mr G R Curtis , Dr J A Iredale, Mr I G McIntosh, Mr E C 

Ruddock , Mr I Shaw, Mr J C Temple, Professor D G Tucker and Dr D B Walker. 

NOTES 

n.1 RCAHMS, In ventory of Stirlingshire (2 vols, 1963). 
n.2 In ventory of Peeblesshire (2 vols, 1967) ; In ventory of A rgy ll, I 

(1 97 1); 2 (1975); 3 (1980) ; 4 (1982); 5 (1984). For summ aries of the 
Commission 's industria l survey work see also Hay, G D, 
Transactions of the First International Congress on the 

Conservation of Industrial Monuments, Iron bridge, 29 May-
5 June 1973 (1975), 187-95 ; Hay, G D, Scottish A rchaeological 
Forum, 8 (1977), 1- 15; Hay, G D and Falconer, K, The Recording 
of Industrial Sites: A Review (CBA Industrial Archaeology 
Research Committee, 198 1). 

n .3 Most notably the gazetteers prepared by Butt, J, The Industrial 
A rchaeology of Scotland (1 967) , and Hume, J R, The Industrial 
A rchaeology of Scotland (2 vols, 1976- 7) . 
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EDITORIAL NOTES 

Presentation 
Included in the heading of each of the descriptive articles in the seven main sections will 
normally be found the National Grid Reference of the monument concerned, the old County, 
new Region and District in which it is/was situated, and the date(s) on which it was surveyed by 
the Commission. Information about the condition of the monuments in April 1985 is indicated 
by the following symbols: 

# 

• 
* 

destroyed 
building listed under the Town and Country Planning (Scotland) Act 1979 
monument scheduled under the Ancient Monuments and Archaeological Areas Act 
1979 

** monument in the care of the Secretary of State for Scotland 
)[ building or plant partly destroyed or altered 

Illustrations and Measurements 
All the illustrations are treated as Figures and are integrated with the text. Individual Figures 
are identified by the number of the page on which they occur , with a distinguishing letter where 
appropriate, and with the reference usually placed in the nearest margin. Most of the 
line-drawings are provided with scales in both British and metric units and, in the text, 
measurements are normally given in British units with the metric equivalent alongside. 

Notes and References 
These will be found at the end of the section to which they belong . The notes that include 
additional information are indicated in the text by an asterisk. 

Reproductions 
Unless specified below, the contents of the volume are Crown Copyright, but copies of the 
photographs and line-drawings can be obtained from : 

The Secretary 
The Royal Commission on the Ancient and Historical Monuments of Scotland 
54 Melville Street, Edinburgh EH3 7HF. 

The records of the Commission, which include a large collection of unpublished illustrations of 
the monuments described in this volume, may also be consulted in the National Monuments 
Record of Scotland, 6/7 Coates Place, Edinburgh EH3 7 AA. 

Acknowledgements for Illustrations 
We are indebted to the following individuals and institutions for supplying photographs and 
for permission to reproduce copyright material: 

Bruichladdich Distillery: Fig. 36A. Viscount Cowdray (Dunecht Estates): Figs. 64A, B. 
Mrs P E Durham: Fig. lOA. Falkirk Museums: Figs. 102A, B. 
Mrs R Gibson: Fig. 32D. Govan Shipbuilders Ltd.: Figs. 126A, B, 128A. 
PH T Green Collection: Fig. 236B. Mr & Mrs T A lardine: Fig. 97B. 
Laphroaig Distillery: Figs. 32B, 34A, 44C, 50A. Longmorn Distillery: Figs. 50B, 54A, E. 
Mansell Collection: Figs. 33A, B. Mitchell Library, Glasgow: Fig. 154A. 
G Mottram Collection: Fig. 233A. Orkney Library (T Kent Collection): Fig. 235. 
Ordnance Survey: Fig. 162 (with the permission of the Controller of Her Majesty's 

Stationery Office, Crown Copyright reserved). 
Royal Museum of Scotland (formerly Royal Scottish Museum): Figs. 140A, 201B, 236A. 
Scottish Record Office: Figs. 199A, B. Thomas Tait & Sons: Fig. 181C. 
A I Welders Ltd.: Figs. 129A, l30A, B. 
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Grain-mi ll , East C1uden, New Bridge, 
Dumfriesshire 

A. exterior 
B. gear cupboard 



1 FARMING AND FISHING INDUSTRIES 

Physical remains of industries, trades and crafts associated 
with farming and agricultural processing are to be found 
almost everywhere in the Scottish rural landscape. Such 
industries were usually, in the initial stages, promoted and 
organised through the owners of landed estates, but the 
wider effects came to be felt throughout rural society, from 
the mains farm down to the humblest smallholding or croft. 
Market towns absorbed many activities of rural origin, such 
as tanning and meat-processing, but were themselves 
supported by the building-trades and specialist crafts within 
the neighbouring countryside. 

Power for the mechanised processes was generally 
derived from water, wind, oxen or horses and, latterly, 
steam, petrol or diesel. Since the Middle Ages water-power 
has probably had the most widespread application, particu
larly for grain-milling and threshing, although use of 

lOB wind-power became more common in Scotland during the 
1/·13 18th and 19th centuries. I The use of horsepower to drive 

fixed farm machinery, particularly threshing-mills, has 
bequeathed a variety of building-forms, ranging from 
simple open horse-gang platforms of relatively late date to 
elaborately roofed structures of circular, hexagonal or 
octagonal plan. 2 

The cultivation of grain in Scotland, as elsewhere, has 
always been closely associated with the techniques of 
threshing and milling. The use of the flail and hand
operated quem-stones, just like the earliest use of the 
plough and the spade, can be traced to the pre-Roman Iron 
Age in Scotland. Milling lent itself readily to mechan-

Horse·mill shed, Nether Pirn , 
lnnerleithen, Peeblesshire 

isation, and the oldest and simplest mechanised designs are 
probably those of the water-driven 'Norse', or horizontal 
mills, with horizontal water-wheels, which now survive 9, lOA 

mainly in the Northern and Western Isles. 3 A few Scottish 
mills with vertically set water-wheels incorporate remains 
dating from the 17th century, sometimes with evidence of 
detached circular drying-kilns comparable to the small farm 14, 15 

kilns of later date. 4* The vast majority of surviving 
water-mills, however, belong to the phases of agricultural 
reorganisation and improvement that took place after 1750; 
they are usually integrated with stone-built kilns that have 
their internal drying-apparatus constructed of brick and 
iron, and are equipped with milling-machinery of varying 
degrees of complexity and sophistication. The mill at East 
Cluden, Dumfriesshire (NX 941793), for example, was xii 

powered by a wooden upright shaft driving as many as five 
pairs of stones and ancillary equipment. A few, such as 
Tangy Mill, Kintyre, Argyll (NR 662277), even had 
domestic accommodation provided within the same 
building. 

The geographical distribution, size and condition of the 
mills generally reflect the quality and productive capacity of 
the surrounding comlands. In some parts of the country 
such as the north-east a significant proportion continued in 
operation until the middle of the 20th century; throughout 
the country, in fact, a small number of water-powered 
grain-mills and water- or horse-powered threshing-mills, 12 

have survived in working order, their mechanical com
ponents generally dating from the last phases of operation 



FARMING AND FISHING 

B 

2 

Grain-mill, Craighead, Lesmahagow, 
Lanarkshire 

A . stones fl oor 
B. gear cupboard, showing (foreground) 

take-off dri ve for no . 3 stone 



A 

Meat-market, Fountainbridge, 
Edinburgh 

A. external detai l 
B. interior 

Tannery , BonninglOn, Edin burgh 
C. tann ing-pits 

in the 19th and 20th centuries. Examples include the 
2 water-powered machinery in Craighead Mill , Lesmahagow, 

Lanarkshire (NS 815407), and the small horse-driven 
/2 threshing-mill at Conisby, Islay, still in use until the early 

1970s and 1980s respectively. Grain-mills became redun
dant or were converted to other uses as patterns of farming 
changed; in Galloway, for example, the changeover to dairy 
farming reduced arable significantly in the latter half of the 
19th century.s 

Livestock husbandry has bequeathed fewer remains that 
can be classed as industrial, but these make up in variety 
what they lack in quantity . In some parts of the country , 
most notably in the north-east, crushed whins formed an 
important element in winter cattle fodder, and horse-

/8 B powered whin-mills constitute one of the more unusua l 
relics of pastoral farming in those areas. 6 Cheese-presses ,?' 

/6 mechanised butter-churn houses,s' elegant model dairies,9 
usually attached to large domestic establishments, and 
creameries are some of the enduring products of dairy-

FARMING AND FISHING 

farming. Slaughterhouses, meat-markets, to' and tanneries 
which range in size from the diminutive example at Keith, / 9 

Banffshire , to the large works former ly at Bonnington, 
Edinburgh (NT 260759), are sti ll to be found in a few 3e 
provincial centres, reflecting the importance and organ
isation of the cattle trade within their localities . 

Blacksmiths provided essential support for agriculture 
and transport in rural communities throughout the country, 
but only a small proportion of smithies st ill preserve 
remains o f their bellows and other standard features. 1 1 20 

Nail-making by hand was a specialised metalwork craft 
centred upon Lennoxtown and Chartershall in Stir
lingshire. 12 Sawmills, usually water-powered, were reason
ably common on estates that contained significant amounts 
of timber, but evidence for more specialised rural wood
working crafts is comparatively rare, the bucket mill at 
Finzean, Aberdeenshire (NO 5779 12), being a notable 
exception. 13 

3 



FARMING AND FISHING 

Scottish rivers have long been renowned for their 
seasonal stocks of salmon, while the movement of large 
herring-shoals around Scotland, especially round the north 
and east coasts, encouraged much capital investment, large
and small-scale, in the fishing industry in the late 18th and 
19th centuries. These abundant resources of fish provided 
the biggest single impetus to harbour-building, and the 

22-30 supporting activities of fish-processing and -curing have 
bequeathed a whole range of interesting buildings and relics 
in areas such as eastern Caithness. The physical remains of 
many such harbours were investigated by Mr Angus 
Graham during the 1950s and 1960s, and his descriptive and 
historical accounts l4 provide an excellent basis for the 
graphic architectural records that the Commission has since 

25 undertaken at, for example, Keiss and Wick in Caithness, 
and Portmahomack (NH 915845) in Easter Ross. 

Grain-mill 
Machrimore, Kintyre, Argyll 

Strathclyde, Argyll and Bute 

NR 701092 

• ][ 1962 

Built in 1839, IS under the terms of a new lease granted by the 
Duke of Argyll apparently to replace an earlier founda
tion,16 this small grain-mill may be regarded as fairly typical 
of the countless water-powered vertical mills formerly 
serving country districts during the 19th century. An 
inscribed stone over the rear ground-floor entrance bears 
the date 1839 and a mason's mark . In common with the 
neighbouring mill at Tangy, 17 with which its design had 
close affinities, it was one of the last two water-mills to 
remain in operation in Kintyre, finally stopping in the late 
1950s; soon afterwards most of its machinery was removed. 

Situated in the small township of Machrimore, about 
1·2 km NE of Southend , the three-storeyed mill stands on a 

4 

sloping site, with a principal entrance on the E side at 
mid-floor level. It is constructed of rubble masonry with 
sandstone dressings and a slated roof, notable features 
being the characteristic revolving ridge-ventilator above the 
kiln at the s end , and the windows fitted in the lower part 
with ventilating shutters. 

Water for driving the machinery was drawn from the 
Corrieglen Water via a lade approaching the mill from the 
N, and two sluices regulated the water-flow and diss;harged 
the excess into the neighbouring burn; at one time the 
supply was augmented by a large shallow mill-pond long 
since drained. From the lade the water was carried on to the 
wheel by a wooden trough, or launder, where it discharged 
at a point which caused the wheel to turn in a pitch-back 
action . The water-wheel was equipped with wooden buckets 5(4, 

but was otherwise of all-iron construction . A waste-water 

A 

Grain-mill , Machrimore , Kintyre, Argyll 
A, exterio r , showing pit ch-back 

water-wheel and launder 
B. deta il of water-wheel 

B 

trapdoor in the floor of the launder, operated by a system of 
levers from inside the mill, enabled the flow of water, and 5(2) 

hence the speed of the machinery, to be regulated . 
The machinery for working the mill and the anci llary 

processing equipment is detailed in the accompanying 
drawings, 18' and is disposed over three storeys known as the 5, 7 

bottom, middle and top floors. The transmission on the 
bottom floor, housed within a stoutly timber-framed 
gear-cupboard , comprised a bevelled pit-wheel on the 6 A 

water-wheel axle, meshing with a wallower on the lower end 
of the upright shaft, the drive to the stones being through 
the great spur-wheel, cogged to engage with three slotted 
pinions or stone nuts. All the gearing was of iron 
construction apart from the spur-wheel, whose mortised 
iron rim was equipped with replaceable wooden cogs. The 
stone nuts could be disengaged from the spur-wheel by 
means of a ring-and-screw lifting-device, and their spindles, 
carrying the runner stones above, were mounted on timber 
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FARMING AND FISHING 

Grain-m ill , Machrimore, Kintyre, Argyll 
A. gear cupboard , showing pit-w heel, upright sha ft , 

wallower and great spur-wheel 
B. hopper and grain-feed apparatus above shelling-stones 

A 

beams or bridge trees, pivoted at one end so that they could 
also be raised or lowered for adjusting the clearance 
between the runner and bedstones-a process known as 
tentering. In addition, the thrust-bearings were housed in 
bridging-boxes incorporating hackle screws which allowed 
careful adjustment of the spindle in order to keep the stones 
rotating in a perfectly horizontal plane. 

The middle floor, or stones floor, contained three sets of 
stones each approximately 3 ft 3 in (0'99 m) in diameter 
grouped around the upright drive-shaft. Each unit was 

6 

enclosed within a circular wooden casing, or vat, above 
which was a grain-hopper held within a wooden frame, or 
horse. From the hopper the grain was shaken into the 6 B 

centre, or eye, of the stones via a pivoted feed-trough kept 
in constant motion by means of a cam in the form of a 
forked iron rod attached to the revolving rynd and spindle 
turning the runner stone. The trough was held lightly in 
tension against the cam-known as the damsel-by means 
of a cord attached to a wooden spring stapled to the side of 
the horse; a second cord (the crook string) likewise attached 
to the free end of the trough enabled its angle to be adjusted . 
The grinding surfaces of the stones were cut with a system of 5(36) 

lands and furrows to facilitate the grinding action and to 
cast the meal to the outer edge of the stones; here it was 
swept along into an outlet chute by a projecting tag affixed 
to the rim of the runner stone. Also on this floor, situated 
directly beneath the ceiling and mounted on the head of the 
upright shaft, was a bevelled crown-wheel which provided 5(28) 

the main power take-off for driving the auxiliary 
machinery, namely the bucket elevators, fanners and 
sieving-apparatus. 

On the top floor, mounted high up under the ridge, was 
the mechanical sack-hoist, driven from a jointed extension 5(5/-60) 

of the main shaft in the form of a clutch-shaft and pinion 
which by means of a lever was put into gear with a bevel 
wheel fixed to the winding-drum. Two control cords, 
running in sheave blocks and accessible to the miller at all 
levels, enabled him to pull the drive-shaft into gear and to 
release it by activating a counterweight. The same clutch 
mechanism could also be worked by an automatic cut-out 
operated by an ingenious system of levers when struck by 
the rising sack at its highest point. 

The principal stages in the milling process may be 
enumerated in association with the location points shown 
on the plans and section. The newly dried grain (A) was 7 

raked into the grain-bin (B), where it was bagged (C) and 
hoisted through double flap hatchdoors to the top floor (D). 
Here, if the material was intended for animal feed (e.g. 
pease, beans or grain of inferior quality), it was fed via a 
hopper (E) into the w pair of stones (F) and, after being 
ground, passed through the outlet chute into waiting sacks 
on the ground floor (G on the plan) . Alternatively, as the 
first stage in producing oatmeal, the grain was fed via a 
similar pair of hoppers and cleaning-sieves into the E pair of 
stones (H and l), known as shelling- or groating-stones, 
where the husks were removed from the kernels . The 
resulting mixture fell through a chute into the fanners or 
winnowing-machine (1) situated in the ground-floor out
shot, where the chaff was removed and used to supplement 
the coke as fuel for the kiln. The cleaned grain, then known 
as groats, was next returned to the loft by the elevator (K) 
and thence by the hopper (L) into the centre set of 
finishing-stones (M)-a pair of French block-burrs . The 
ground meal fell into a sieving-machine (N) on the bottom 
floor, where it was sorted into different grades and bagged 
for dispatch. Rejected coarse stuff was passed through a 
small fanner (0) and then returned to the stones by the 
elevator (P) for regrinding. For extra refining, the meal 
could be recycled through the sieving-apparatus by a short 
elevator at (Q). 

The kiln was of the standard pattern, containing at the 
lower level a central furnace built of stone and lined with 
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brick. It was surmounted by a flared funnel of brick-vaulted 
construction, wherein the hot air was allowed to circulate 
and percolate through the grain spread over the drying
floor, which consisted of perforated cast-iron plates~ The 
revolving ridge ventilator assisted the drying process, which 
lasted from one to two days depending on the type of grain 
and the amount of moisture content to be removed. 

B 

Millstones, New Cumnock, Ayrshire 
A. oatmeal runner stone 
B. shelling runner stone 

8 

Millstones NX617134 
New Cumnock, Ayrshire 

Strathclyde, Cumnock and Doon Valley 1970 

The two millstones that stand in front of the Crown Hotel, 
New Cumnock, were taken from New Cumnock Mill 
(NS 616133), which was gutted in about 1968. They are 
both runner stones and about 4 ft (1'22 m) in diameter; one 
is of a pair used for grinding oatmeal, the other for shelling 
oats. There had been three pairs of stones in the mill, the 
third having been a general-purpose composition stone 
faced with emery. The last miller, Mr Robertson, had 
dressed the stones himself. The working surface of the 
shelling stone is dressed with lands and furrows arranged in 8 B 

nine sectors ('harps' or 'quadrants'), each comprising a 
master furrow running tangentially to the eye of the stone, 
and two secondary or slave furrows aligned parallel. The 
surface of the oatmeal stone is badly worn, but appears to 
have been dressed in a similar manner. 

The outer ring of the oatmeal, or finishing stone is 8 A 

composed of thirteen banded segments of French burr 
(freshwater quartz from La Ferte-sous-Jouarre) . Unlike 
more conventional French burr-stones studied in other 
parts of Britain,19 the inner ring, or hub, is circular, 
measuring 2ft (0'61 m) in diameter, and is built up, not of 
more quartz, but of local sandstone, in this case a 
pinkish-grey-coloured stone apparently quarried near 
Largs . The centre of the stone has been mortised to receive a 
three-arm stiff rynd, and the eye is I ft I in (0'33 m) in 
diameter. 

The shelling stone also has an outer ring of French burr, 8 B 

built up with eight less regular segments. It has a four-piece 
octagonal hub, which varies between 2ft 4in (0'71 m) and 
2 ft 7 in (0'79 m) in diameter; this is made of burr-stone like 
the outer ring and is cut to receive a two-arm rynd , 
extending across an eye I ft I in (0'33 m) in diameter. Sunk 
into the top surface of the stone, and spaced equidistantly 
around the perimeter, are four balance-weights, 8 in 
(200mm) by 3in (80mm), for keeping the stone in a true 
horizontal plane. 

The use of a sandstone centre or a similar stone of inferior 
quality in order to economise in the use of the expensive 
French burr-stone was apparently a distinctive Scottish 
practice, though isolated examples have been noted south of 
the Border. 

Horizontal Mills 
Huxter, Mainland, Shetland 

HU 172571 
• 1980 

These buildings form a chain of three mills on the burn that 
empties from the Loch of Huxter into the Sound of Papa. 
The mills are grouped within a short distance of about 75 m, 
with the site of a fourth mill , now demolished, a similar 
distance upstream. They are served by short stone-lined 
lades, cutting off meanders in the burn, and there is a fall of 
some 8·2m between the floor levels of the top and bottom 
mill. All the buildings are aligned across the lade with the 
water-courses running transversely beneath the side-walls. 

The two upper structures survive as masonry shells, but · 
the lowest building retains its heather- and straw-thatched 
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gabled roof. It is oblong on plan, averaging 18 ft (5'49m) in 
length by 9 ft 6 in (2'90 m) transversely over walls 2 ft 
(0'61 m) thick; the entrance is in the E gable-wall. It still has 

9 (A) the wooden chute, or pentrough, for directing the water 
onto the tirl in a clockwise direction. The tirl is of concrete, 
but an original specimen survives in one of the other mills . 

9 (8) This consists of a wooden, elongated barrel-shaped hub 
(nave) with nine flat paddles. The lower mill also retains a 
pair of millstones, the bedstone (understone) being 2 ft 
9 V2 in (0'85 m) in diameter and 5 Vs in (130 mm) thick, the 
runner stone (upperstone) slightly less in each dimension. 
Until a few years ago it was complete with a square wooden 
hopper. The drawing is intended to be a general represen
tation of a horizontal mill, based on the Huxter examples 
and documentary sources. 20 

High Mill 
Carluke, Lanarkshire 

Strathclyde, Clydesdale 

NS849507 

• * 1970 

Built as a grain mill shortly after 1797, this three-storeyed 
circular windmill-tower stands complete to the original 
wall-head some 32 ft 6 in (9'9 m) above ground. The walls 
have a pronounced external batter, giving the tower an 
unusually sturdy profile, the overall diameter at the top 
(14 ft; 4·27 m) being only slightly more than half the basal 
diameter of 27 ft (8'23 m) . At the date of survey, adjacent 
ranges on the E of the tower contained the remains of a later 
kiln, threshing-machine and an engine-house, while on the 
w a two-storeyed dwelling-house and ancillary buildings 
were grouped around a courtyard. 

The interior of the tower retains much machinery and the 
principal drive-shaft. Previous investigators21 were misled 
into believing that some of the mechanism may have been 
original, but detailed examination showed that the shaft A . Horizontal mill , Shet land; view by w Collins, c. 1842 
and the stones were driven through gearing from below, not B. Windmill tower. High Mill , Carluke , La nark shire 
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FARMING AND FISHING 

from above, and none of the components was demonstrably 
original. Some of the timbers used for framing the 
machinery may have been in secondary use, but, to judge 
from the wall-sockets, the original floor-levels appear to 
have been retained. The mill had been converted to 
steam-power in about the middle of the 19th century, and 
subsequently a gas-engine was used . At the wall-head a 
masonry channel with indented sockets is all that now 
survives of the kerb of the original rotating cap. 

Horse-gang 
Conisby, Islay , Argyll 

Strathclyde, Argyll and Bute 

NR262618 

1980 

This open platform, one of two such horse-gangs in 
// Conisby township and characteristic of many small farms 

throughout Scotland, was complete with drive mechanism 
/ 2 A and threshing-mill in working condition at the date of 

survey in 1980.22 It stands adjacent to a small barn at the 
lower (SE) end of a linear range comprising house and 
steading. Part of the dwelling is covered with rush thatch 
bedded on heather divots, but the barn itself is roofed with 
corrugated iron. This horse-powered equipment was intro
duced in 1910, superseding the traditional practice of 
threshing with flails. The platform measures 30 ft (9'14 m) in 
diameter overall; the underground drive-shaft, hub, gearing 
and harness-bar (swing-tree) are of all-iron construction, 
and the spur-wheel measures 3 ft 6 in (i'07 m) in diameter. 

Horse-mill 
West Gallaberry, Kirkton, Dumfriesshire 

Dumfries and Galloway, Nithsdale 

NX964826 

• 1982 

This horse engine-house, situated 1·6 km NW of Kirkton 
village and 6·S km N of Dumfries, is among the last to retain 
much of its driving-mechanism, although the threshing
machine itself no longer survives. 23 Adjoining the outside 

12 

C 

Horse·gang, Conisby, 
Islay , Argyll 

A. threshing·mill in barn 

Horse· mill, West Gallaberry, 
KirktOn , Dumfriesshire 

B 

B. drive mechanism, showing 
horse-wheel, pinion and 
lay-shaft 

C. exterior of shed 
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wall of a barn, which formed one side of an original 
12 c courtyard layout of farm-buildings, the octagonal shed

rubble-built with sandstone dressings and a handsome slate 
roof secured by pegs on battens-contains a 12 ft-radius 
(3'66m) horse-walk and overhead draught-gear for three 
horses. Well-executed throughout in dressed pine, the 

13 principal mechanical parts consist of a wooden horse
wheel, measuring 7 ft 6 in (2·29 m) in diameter and built up 
in laminated segments. From this extend three radial arms 
framed by horizontal braces and supported by radial struts. 
The square upright iron shaft turns in a thrust-bearing and 
is secured at the top in a split-bearing fixed to a heavy 
cross-beam supporting the roof-structure-commonly the 
only feature of extant horse-mills left in situ. The drive 
transmission from the horse-wheel is by means of a bevelled 
iron 'rack-ring' and pinion, the latter being attached to a 

12 B twelve-sided wooden lay-shaft, whose outer end, now sawn 
off at its bearing-point within the barn wall, would formerly 
have turned a spur-wheel. The yoke-bars and draught 
pulleys are about 3ft 6 in (l·07 m) above the walk and 
incorporate a system of upper pulleys which allow free 
running of the draw-chains and thus equalise any uneven 
strains exerted by the pulling action of the horse. 

Kiln-barn 
lubidale, Orkney 

HY266280 
1968 

This is a partly roofless but well-preserved example of a 
small traditional farm kiln and barn once used for drying 
oats and bere. It is contiguous with a byre but otherwise 
stands detached, running parallel with the main farmstead, 
now ruinous, from which it is divided by a narrow paved 
close or alley-way. The buildings as a whole are aligned with 
the gradual fall of the land to the N. Built of random rubble, 
for the most part composed of slender, knapped stones 
roughly laid to courses, the barn was evidently roofed with 
turf thatch laid on a groundwork of thin flagstones 
supported on timber couples and purlins; a double 

14 

oversailing course of flagstones protects the wall-head. 
Externally, the principal feature is the conical kiln situated 
at the s end; it tapers upwards to a turf-built chimney, and 
its lower part merges with the main roof and walls of the 
barn. The doorway into the barn, in conjunction with an 
opening, or winnowing-hole, in the opposite side-wall, was 
used to create a strong draught of air for removing the chaff 
during the threshing process. 24 A small flagstone (c) in the E 15 

wall, known as a gloy-stone or shacking-stone, is evidence 
of a more specialised method of threshing adopted when the 
straw was to be kept in unbroken lengths for thatching and 
other selected work. 

Steps and a doorway in the centre of the s gable-wall gave 
access to the drying-floor of the kiln. The latter was 
evidently supported on a single beam (kiln-Iaece), upon 
which cross-spars were laid and surfaced with a bed of straw 
for containing the grain. The outer ends of the spars rested 
on a 4 in-wide (102 mm) ledge or scarcement, situated about 
6in (152mm) below the door threshold. At this point the 
kiln-bowl has a maximum internal diameter of 6 ft 6 in 
(1'98 m) beneath which the sides curve inwards to a basal 
dimension of about 3 ft (0'91 m), roughly level with the barn 
floor; above the drying-floor the kiln walls are gathered 
inwards to join the chimney at the top. A I ft-square 
(0'30m) opening at the base of the kiln gave access to the 
horizontal flue, or draught-hole, leading back through the 
wall-thickness to the ingle fire (g), contained within a square 15 

mural recess on the E side at ground level. Directly above is a 
long, bulbous chamber for storing peat, topped by a smaller 
recess. These features are partly closed off by an upright 
partition and a roof of flagstones, which formed a shelter, 
or neuk, for the fire and also incorporated a stone seat, 
tucked in the corner for the person watching the fire. On the 
far side of the kiln, the dried grain could be discharged 
through a chute, or shoe, for storage in the large mural 
chamber in the w wall, formed partly as an outshot. 

. Known examples of a similar regional type have been 
recorded in Caithness, for instance, at Achalipster 
(ND 242491) and Bruan (ND 310397). 15 

Kiln-barn , lubidale, 
Mainland , Orkney 
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Dairy, Guisachan , Tomich, In verness-shire 
A. exterior 
B. mil k- room 
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Dairy 
Guisachan , Tomich, Inverness-shire 

Highland, Inverness 

NH307270 

• ]( 1972 

This small ornamental dairy was erected during the third 
quarter of the 19th century, probably in about 1870, when 
the Guisachan estate was in the possession of Dudley 
Marjoribanks , afterwards Baron Tweedmouth of 
Edington. The exterior is of an attractively mannered 
Alpine style . Two canopied porticos are supported by rows 
of rustic posts, and the main roof, which is slated and of 
gambrel type, has a fleche ventilator at the ridge. The 
hipped roof of the NW annexe has a chimney-stack with 
three twisted ' barley sugar' chimney-stalks. 

The interior is divided into a scullery or wash-house at the 
NE end, and the milk-room or dairy is at the sw. The 
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A . Dairy, Guisachan , Tomich, Inverness-shire; 
scullery 

scullery, which has a flagstone floor, contains a small 
fireplace with a cast-iron hob-grate and range; next to it in 
the N corner of the NW wall there is an original boiler with a 
weight-operated lid and a metal pot-lining. A narrow 
wooden stair leads to a store or bothy on the first floor . 

The floor of the dairy itself is paved with coloured 
16 B terrazzo laid in a pattern of squares. It is dished towards the 

17 centre of the chamber, where there is a baluster-shafted grey 
marble fountain which waters the floor and thereby helps to 
preserve a cool atmosphere. The surrounding walls incor
porate two bracketed black marble shelves and above there 
is a timber shelf, ledged as a plate-rack, with ornamental 
cast-iron brackets. The walls are lined to the height of the 
upper shelf with glazed white tiles, which have decorated 
margins at the brown-glazed plinth and dado. Coloured 
window-glass set in leaded geometric patterns, including 
those of the clerestorey windows in the sw wall, helps to 
reduce the effects of direct sunlight. The plaster ceiling is 
coved and ribbed, and an octagonal filigree grille in the flat 
area provides ventilation from the louvred fleche. Wire 
gauze panels above the external door in the sw wall also 
admit cooling draughts . 

Original utensils still preserved within the dairy and 
scullery include a range of cooling dishes of white glazed 
porcelain, various tin containers, two small barrel-churns, a 
pair of scales and a pine table. 

Whin-mill 
Quittlehead, Lumphanan, Aberdeenshire 

Grampian, Kincardine and Deeside 

NJ 567045 

1980 

The whin-mill, for crushing whins for cattle fodder, was 

the inner, and 1 ft 2in (0'36m) thick. In the centre of the 
stone there is a circular hole 8Y2 in (216mm) in diameter, 
through which a wooden shaft was passed in the upright 
stone and wedged into position. The outer end of the shaft 
was harnessed to a horse; a swivel-coupling at the inner end 
was affixed to an iron pin at the hub of the mill. A 
four-legged iron plate and pivot still survive, set into a sunk 
granite base some 1 ft 6 in (0'46 m) square. 
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cotter & washer-

once a common item of farming equipment, especially in B. Whin-mill , Quitllehead , Lumphanan, Aberdeenshire 

the north-east. In this example, the large granite crushing-
stone lies on its side within a kerbed and stone-lined 
channel. 25 The channel, serving as the crushing area, is 
surrounded by a circular horse-gang platform some 37 ft 
(1l·28 m) in diameter overall. The stone itself-an edge-
stone slightly conical in shape so as to turn in a circle-is 3 ft 
9in (l ' 14m) in diameter on its outer face and rather less on 
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Tannery, Keith , Banffshire 
A . details of adjustable wa ll-louvre 
B. exterior from s 

Tannery 
Keith, Banffshire 

Grampian, Moray 

FARMING AND FISHING 

NJ 428507 

1980 

This is a three-storeyed oblong building, probably of early 
19th-century date with some later modifications_ It 
measures 32 ft 9in (9-98 m) in length by 16 ft 7 in (5 -06 m) 
transversely. The lowest storey and the gables are rubble 
built; the side-walls of the upper two floors are louvred to 
provide the necessary ventilation. There are two original 
adjustable louvres operated by a pole-bar in the west
ernmost bay of the s wall of the airing loft; the remaining 
lou.vres are of the fixed J ype, and the N elevation is mainly 
weather boarded_ The building has a collar-rafter roof 
utilising sawn half-log timbers and ad zed floor-beams; 
latterly it appears to have served as a laundry-house with the 
original airing-loft then being used for drying _ 

Another provincial tannery, having characteristic 
louvred frontage and a well-preserved airing-loft with 
tenter-rails, has been noted at Mill Street, Ayr. 26• 

E 

Tannery, Mill Street, Ayr 
C. detail of louvred side-walls 
D. tenter-ra ils in drying-lo ft 
E. street frontage 
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1962, 1983 

This estate-built smithy,27 neatly executed in rubble 
masonry with dressed offset margins to openings and 
quoins, and roofed in slate with overhanging eaves, stands 
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A. Smithies ; comparative plans 
B. Smithy, Nether Horsburgh, Peeblesshire 

about 41 m NNE of the neighbouring mill. Adequately lit by 
a series of mullioned windows fitted with dwarf shutters 
within, it is planned with two forges, or hearths, backing 
respectively onto the w gable-wall and an intermediate 
cross-wall , beyond which is a shoeing-shop . It continued in 
use until the late 1960s and still preserves the usual original 
features and its earth floor. 

Each forge is equipped with a cylindrical bellows set in a 2 1 A 

side recess; the middle forge incorporates a stone cooling
trough; the gable forge formerly possessed a set of the 
earlier pear-bellows in the NW corner. Other standard tools 20 C 

and equipment include the anvil, mounted on an elm block, 
a swage block, two work-benches with steel leg-vices , and a 
roller-type tyre-bending machine, In addition, fixed to the 
bench beneath the sw window, there is a beam-drill worked 2 1 C 

manually by turning a brace and bit while under pressure 
from a weighted beam operated by a lever. Outside the 
smithy, just w of the entrance, is an iron wheel-tyring 
platform, or plate, and a grindstone. 

The shoeing-shop, which is floored with timber planks 
bedded directly on earth, is also entered externally from a 
wide segmental-arched doorway in the s wall, and is 
equipped with high-level wall-racks, once stocked amply 
with a varied range of ready-made horseshoes; a much rarer 
feature, set against the E wall , is a well-preserved horse
frame, or trave, for handling difficult horses while they 2 1 B 

were being shod. 

C. Smith y, Machr imore, Kintyre, Argyll ; 
pear-shaped bellows 
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A 

B 

Smithy, Machrimore, Kint yre , Argyll 
A. middle fo rge and be llo ws 
B. horse-trave in shoeing-shop 
C. traditio nal beam-drill c 
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Ice-house and Salmon-bothy 
Dunbeath, Caithness 

Highland, Caithness • 1970 

These two buildings, and a rubble-built warehouse situated 
a short distance to the N, form part of the herring- and 
salmon-fishing station which developed in stages around 
the mouth of the Dunbeath Water from the early 19th 
century onwards.28 The large two-chambered ice-house (ND 
166294) is built into the side of the headland above the 
quayside. The w face of the building measures 20 ft 10 in 
(6'35 m) in width, and the extrados of the semicircular barrel 
vault is overlaid with turf; the vault incorporates a 
high-level trapdoor enabling ice to be fed into the inner 
freezing-chamber. The small outer chamber was evidently 
used for washing and weighing the fish, and there is a 
drain-outlet immediately in front of the main doorway. The 
opening in the cross-wall between the two chambers has an 
inner and outer stout wooden door, and during the 
refrigeration process the intervening space was filled with 
sawdust as an insulator in order to maintain a low 
temperature within the inner chamber. This chamber 
measures 18 ft (5'49m) by 15 ft (4'57 m) internally, and is 
floored at a slightly lower level to facilitate drainage of the 
melted ice. The floors throughout are of flagstone. 

The bothy (ND 166293) stands on the E side of the mouth 
of the Dunbeath Water, built partly into the headland with 
its gable facing seaward. Externally, it is a plain single
storeyed and gabled structure measuring 40 ft 3 in (12·27 m) 
in length by 19 ft 6 in (5'94 m) transversely. Inside, it has two 
main compartments divided by a stone cross-wall: an 
equipment store takes up about two-thirds of the space; the 
other compartment, which appears to have been re
modelled, includes a foreman's office and bunk-bed in the 22 D 

sw quarter, screened by a timber partition, and a range of 
four wooden bunks lining the E wall. The floors are flagged 22 C 

throughout, and there is a fireplace in each gable-wall, that 
in the store' being set across the s angle and having a curved 
rear wall. 

Ice-house a nd salmo n-bothy , Dunbeat h, Caithness 
A . ice-house 
B. salmon-bothy 
C. wooden bunks lining E wall of salmon-bothy 

D D. foreman's office a nd bunk in salmon-bothy 
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Harbour 
Keiss, Caithness 

Highland, Caithness 

ND 361609 Fish-curing Station 
Wick, Caithness 

ND366510 

• ][ 1968,1980 Highland,Caithness 1983 

Keiss is one of the more picturesque and better-preserved of 
the small 19th-century herring- and salmon-fishing stations 
on the eastern coast of Caithness. Keiss Bay was inspected 
and given qualified approval as a haven by Thomas Telford 
in 1790, but the small harbour with pier, slipway and 
stilling-basin was not built until 1820.29 

The harbour walls and parapets are constructed of 
coursed rubble masonry, usually comprising large slabs of 
local flagstone; the walls have battered sides and incor
porate recessed stairways. The breakwater at the end of the 
stilling-basin is built of vertically set masonry. Behind the 
breakwater there is a three-storeyed six-bay warehouse 
which measures 80ft 6in (24'54m) by 22ft 9in (6'93m) 
overall; it occupies a bank side position with the ground
floor and first-floor loading-doors fronting the quayside. 
The ground floor consists entirely of vaulted cellarage, 
comprising six transverse barrel-vaulted chambers with 
independent access designed to serve as salt stores in the 
herring-curing process. The first floor is flagged and the 
second floor joisted; the plans at each level are roughly 
mirrored on either side of a central stone partition, each 
three-bay unit having a fireplace at opposing ends. 

A short distance to the NE of the warehouse and harbour 
there is an ice-house built into the headland. Behind its 
gabled outer chamber there is a main vaulted chamber 
measuring 19 ft (5 '79 m) by 14 ft (4·27 m) laterally and served 
by a high-level hatch beneath the crown of the vault in the 
landward gable. 

Above the harbour, a range of dwellings along the 
cliff-top terminates at the s end with a yard and an adjoining 
store and salmon-bothy. The latter is equipped with two 
pairs of bunk-beds and continued in use until 1940. 

A 

Fish-curing station, Wick, Caithness 
A. curing-house 
B. plan 

Situated within the narrow limits of the 'Shore' wharf on 
the N side of Wick's inner harbour, this former small 
curing-yard, and its now ruinous three-storeyed building 
backing on to the cliff face, represents one of the few 
surviving relics of the port's once flourishing fishing
industry. Close proximity to the wharf and an adequate 
open area for the storage of barrels and the movement of 
carts were evidently basic requirements , combined with one 
or more buildings for preparing the fish, making barrels, 
and affording temporary lodgings for the large work
force-mainly women-engaged during the brief but hectic 
herring-fishing season in the summer. 30• 

The majority of indoor activities connected with this 
particular station appear to have been compactly arranged 
in one building. It is built of roughly coursed rubble 
masonry and measures approximately 87 ft (26'52m) in 
length by 21 ft (6'40m) in depth over walls 3 ft (0'91 m) in 
thickness. Its barrack-like frontage is distinguished by three 
10 ft-wide (3'05 m) semicircular-arched openings on the 
ground floor, and the regulated grouping of windows and 
doorways on the two upper floors-the latter evidently 
reached by external stairs and galleries, of which the iron 
supporting-brackets still remain. Internally, the upper 
storeys are divided into four main compartments by stout 
cross-walls, variously splayed and incurved at their inner 
ends, which, in conjunction with a corresponding but 
intercommunicating arrangement on the ground floor, act 
structurally as retaining walls against the cliff outcrop. At a 
point about midway along its length, the rear wall 
incorporates a large circular flue partly cut into the rock 
face . As far as can be deduced, the compartments on the 
two upper floors, which were equipped with fireplaces in the 
gable and partition walls, were designed primarily as living 
quarters , while the ground floor served as a gutting-shed 
during the season, and as a coopers' shop for the rest of the 
year. The archways were large enough to admit the end of a 
cart for unloading the fish into the gutting-trough, or 
farland, and a plan ked floor area at the wend may be 
identified as the salt-store; the circular area beneath the 
large flue may be identified as the firing-berth in connection 
with the barrel-making process .3l 
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The traditional kippered-herring trade, as widely practised 
26-30 in Wick and the smaller Caithness ports during the 19th 

century, has now all but ceased, like the herring-fishing 
itself in that region. At its peak, however , during the middle 
decades of the century, the tall kipper-kilns of stone or 
timber, with their steeply pitched roofs and ridge vent
ilators, were familiar features, standing either as isolated 

190 units in the smaller harbours , such as Lybster ,32 or clustered 
compactly together in Wick and its neighbouring Pulteney
town. Only two working plants now survive in Wick, 

26 namely at the 'Steps' above Harbour Quay (ND 366506) 
29 B,C and in Albert Street, Pulteneytown (ND 366510). Two 

30 earlier specimens, well-preserved but no longer in use, have 
27 A also been noted; one is situated in Shore Street, Thurso 

26 

F 

3,0 
10 A 

Kippering-houses, Wick and 
Thurso, Caithness 

A. diagram of working process 
B. kippering-house 

by the 'Steps', Wick 

B 

(ND 119686) and the other in Bank Row, Wick 
(ND 365506), which now forms part of the town's Heritage 
Museum . 

A detailed examination of the two working units in Wick, 
although in their present form dating only from the early 
years of this century, reveals all the traditional elements of a 
typical kippering-plant. 33 The principal buildings included 
facilities for preparing the fish (the fish-house or splitting
shed), usually with a loft above for packing the kippers and 
making up boxes, one or more kilns communicating directly 
with the fish-house, and desirably a yard for storage and a 
cart. 

The 'Steps' example is a small unit with a one- and a 
two-void kiln, but in other respects it follows the customary 
process, which consisted of splitting the fish, washing and 26 A 

pickling it, hanging it on tenter-sticks, and then smoking it 
in the kiln, after which it was cooled on racks and then 27 B 

packed. The tenter-sticks for hanging the fish in the kiln 28 (f) 

were typically 3 ft 9 in (I '14 m) to 4 ft (1 '22 m) long by about 



A 

B 

Kippering-houses , Wick and Thurso , Caithness 
A. kippering-hou se , Shore Street, Thurso; 

interior of fi sh-hou se 
(entry doors to kiln on rear wall) 

B. rack -frames for holding full tenter-sticks 
before and after smoki ng 

C. tentering-trough (pencil drawing) 
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Alben St reet , Pulteneytown , Wick, Ca ithness ; 
reconstruct ion draw ing of kipper-kilns 
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1 \12 in (38 mm) by 1 in (25 mm) in section, fitted with sharp 
angled hooks arranged in eight pairs along each side. The 

27 c actual tentering operation took place over a trough fitted 
with a notched upright at each end to hold the tenter-stick, 

The Albert Street unit, although far less complete, was 
28 originally much larger and housed four two-void kilns. Like 
30 the other example cited, they appear to have conformed to a 

fairly standard pattern and serve to illustrate a typical kiln. 

28 
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The kiln was approximately 8 ft (2'44 m) in width and up to 
18ft (5'49m) in length, and about 20ft (6'lOm) to the 
wall-head. Its length was subdivided into two voids by a 28 (c) 

timber-framed partition supported on a beam about 7 ft 28 (d) 

(2'13 m) above the floor. Solid dividing walls between 
adjacent kilns, of brick or stone, were built to about the 
same height and then continued upwards as a close-boarded 
partition into the roof space. Horizontal rails (stringers) 



A. Domestic fish-smoking kiln, 
Lybster, Cait hness 

B 

Kipper-kilns, Albert Street, 
Pulteneytown, Wick , Caithness 

C 

B. kiln void, showing side-rai ls 
for resting tenter-sticks 

C. tenter-sticks, wire trays, 
and basket-measures 
for oak-chip fires A 
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spaced at 1 ft (0'31 m) centres were affixed to the opposing 
wall-surfaces for resting the full tenter-sticks. The kiln 29 8 ,C 

floors were of brick, and the door at the end of each kiln 
was halved across so that the hinged portions could be 
opened independently in order to regulate the draught in 
conjunction with the roof ventilator, built along the ridge 
and equipped with hinged doors. The outer walls of the 
building were usually of stone carried up to the wall-head, 
or gave way to timber cladding at about the 7 ft (2'13 m) void 
line. In order to fill a kiln with the tentered fish, and likewise 
to strip it after smoking, the 'smoker' climbed up and down 
the horizontal rails. The smoking process usually took from 
six to twelve hours, and consisted of burning successive piles 
of oak chips and sawdust, carefully measured in baskets and 
disposed in rows of three beneath each void. 

A kiln of a domestic scale, situated on the grassy plain at 
the head of Lybster harbour has also been noted 29 A 

(ND 245348). Probably used for smoking finnan haddock 
and herring, it is built against the gable of a former dwelling 
within the walls of a roofless outhouse. It measures 7 ft 
(2'13m) by 3ft (0'91m) internally, and although of 
rudimentary construction it incorporates all the features of 
the commercial kiln: a solid floor (of flagstones) and a 
dwarf wall with timber-clad frame above, fitted with a 
number of rails for tenter-sticks, and a ridge ventilator on 
the pitched roof. 

29 
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n.1 Shaw, J P, Water-power in Scot land 1550-1870 (1984); 
Donnachie, I Land Stewart, N K, PSAS, 98 (1965- 6) , 276-99; 
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2 MAL T WHISKY DISTILLING 

Although growing out of the farming economy described in 
the previous section, the practice of making pot-still malt 
whisky has become a sufficiently renowned and distinctive 
feature of Scottish industry and commerce to merit detailed 
treatment in its own section. 

Until the end of the 18th century, especially in the 
Highlands, private distillation for home consumption was 
common, and as whisky, traditionally known as aqua vitae 
(Gaelic uisge beatha), became increasingly recognised as a 
marketable commodity, even more was made illicitly in 

61 contravention of the stricter Excise controls imposed during 
the latter half of the century. Against this background the 
legalised industry developed only slowly and did not really 

52 gain a foothold until new legislation was enacted between 
1816 and 1823. Thereafter the erection of licensed distil
leries for commercial production was rapid, and by the later 
1880s the style and pattern of the typical Victorian 
malt-whisky distillery had become fully established. In 
general, their character remained largely unchanged until 
well into the 20th century, but since the 1960s they have 
been extensively modernised, particularly with regard to 
plant and internal equipment. Although the basic tech
niques of the whisky-making process have been carefully 
preserved, few, if any, distilleries now retain their full range 
of older working-methods. Initially, this survey was 
confined to the distilleries in Islay, I but it soon became 
apparent that in order to obtain a comprehensive picture of 
the traditional malt pot-still distillery it was necessary to 
select the evidence from a wider field, where specific 
features and parts of the older plant are still in use or 
survive. 2 

Barley, peat and a suitable water-supply are the essential 
ingredients for making pure malt-whisky, and in the past 

B. Balvenie, DufflOwn, Banffshire; genera l view of dam and distillery 

their local availability was largely responsible for the main 
geographical areas of the industry being established in the w 
and NE Highlands and selected parts of the Lowlands. By 
far the most important single factor influencing their 
location was the water-supply, which was drawn from the 
neighbouring uphill lochs, burns and springs. Water of 
superior quality was reserved exclusively for making the 
whisky, whose character was demonstrably affected by it, 
but water was also required in large quantities for general 
purposes such as cooling, washing and originally for 
supplying the motive power for the premises. Several 
distilleries were obliged to guard against drought by 
conserving the water-supply in nearby dams, and at others, 
when there was no direct water-link the nearest source was 
tapped by man-made lades or culverts. Thus, at the small 
distillery of Edradour, near Pitlochry, Perthshire, the dam 56 

continues to be used, as also at Balvenie, Duff town, 

A. Edradour, Pillochry, Penhshire; dam and malt-barn 
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Banffshire (NJ 324414); and in earlier times artificiallades 
were cut at both Ardbeg (NR 415462) and Bowmore 
(NR 309598), both on Islay, while at Royal Lochnagar, 
Deeside, Aberdeenshire (NO 266938), an underground 
culvert was made of hollowed-out tree sections tapered with 
spigot ends. 
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Proximity to a good transport system also became an 
increasingly important factor as the industry expanded and 
looked to wider marketing areas. On Islay and in Camp bel
town, Kintyre, Argyll (NR 7120)3-regions once renowned 
for smuggling-it is significant that the surviving distilleries 
are situated on the coastline, all but one being equipped 
with nearby piers or jetties for direct access to shipping
services. The exception was the long-established business of 
Laphroaig, Islay (NR 387451), where coal and other 
supplies were delivered by Clyde 'puffers' and then 

transhipped into small boats, or landed in carts at low tide; 
the whisky was floated out to the ships in casks lashed 
together. In the Lowlands and NE Highlands the landward 
distilleries came to rely increasingly on an efficient rail or 
road system. Mortlach, Duff town, Banffshire (NJ 326396), 
for example, had its own railway sidings linked to the main 
line, and the juxtaposed distilleries of Tamdhu (NJ 189418) 
and Knockando (NJ 195414), Moray, were built adjacent to 
the main railway. For the more isolated distillery of 
Glenlivet, Banffshire (NJ 195290), the only means of 
transport was by road, the vehicles graduating from the 33 A 

horse-drawn cart to the steam-tractor and steam-lorry. 

D. Bowmore, Islay , Argyll, c. 1890 

B. Laphroaig, Islay, Argyll; 
coaling, 1937 
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C. Bunnahabhainn, 
Islay, Argyll; 
general view 
from seaward 
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A 
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Glen li vet, Minmore, Banffshire 
A . general view, 1890 
B. worm-tubs, 1890 
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The form and layout of distilleries were largely deter
mined by the main stages in the whisky-making process, 
which may be summarised as germination, extraction, 
fermentation, distillation, and maturation. The principal 

38,39 buildings are the multi-storeyed malt-barns, the extensive 
53 A,B warehouses and the distillation block itself. In general, they 

present attractive groupings with neat regular fenestrations 
to the barns and the warehouses, characterised usually by 

34,36 the tapered roof of the kilns and by the tall chimney-stacks. 

B. Lagavulin , (slay, Argyll ; 
view from across th e bay 

34 

A . Laphroaig, (slay, 
Argyll, c. 1900 

In historical and physical development they tend to fall into 
two main categories, one comprising the earlier distilleries, 
which evolved piecemeal over a long period and often from 
primitive beginnings, and the other being the later distil
leries built from the outset as rationally planned units, often 
with their own self-contained communities. On Islay, the 
former is best represented in detail by Laphroaig, whose 34 A 

development from a modest farm-unit is well documented 35 

from 1840 onwards through a sequence of building-phases 
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A. Bruichladdich, Islay , Ai'gyll, before alterations, c. 1960 

to a complex nucleated layout by about 1900.4 Bruichlad-
36 A dich, Islay (NR 264611), on the other hand, is a distillery of 

37 comparable size built in the 1880s to a preconceived plan, 
with the main processing-units disposed in a regular 
courtyard layout, in common with many others of the later 

32 c period. Bunnahabhainn (NR 420732), also on Islay, built in 
1881 may be cited as a grander example of this category, 
verging on the institutional in character, while on the 

36 B mainland the smaller distillery of Speyburn, Moray 
(NJ 272503), designed by CC Doig and opened in 1897, is 
celebrated for its classic functional profile. 

In general, the building-materials are composed of local 
rubble masonry and slate, and for the newer establishments 
exposed masonry of snecked rubble and ashlar became the 
rule. Latterly, brickwork was also used, notably for 
alterations and extensions, and at both Caol Ila, Islay 
(NR 428700) and Bruichladdich the main buildings erected 
in the 1880s were designed in concrete, then a relatively new 

B. Speyburn, Rothes, Moray; general view 

36 

material, the walling at Bruichladdich being constructed of 
two-leaf precast blocks. Invariably the rougher walling and 
any admixture of building-materials are rendered uniform 
by applications of whitewash, several distilleries, such as 
Lagavulin, Islay (NR 404457), and Caol Ila, using the plain 34 B 

wall-surfaces to advertise the name of the distillery . 53 B 

Internally the floors and roofs are framed in timber, 
supported on rows of cast-iron columns over the wider floor 
areas of the maltings and warehouses, while in the more 40 B 

confined space of the tun-room and still-house an open 53 D 

king-post roof truss was once a common feature. Good 
roofs of the king-post type exist at Longmorn, Moray 
(NJ 234583), Dallas Dhu, Moray (NJ 035566) and 46 A 

Tamdhu, and the Lagavulin malt-barn preserves a very fine 47 

range of queen-post trusses. 
The economic advantages of centralised mechanical 

maltings of the pneumatic and 'Saladin' type have caused a 
steady reduction in the number of maltings located at 
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A. Port Ellen, Islay, Argyll ; mall-barn and kiln 

B. Ardbeg, Islay, Argyll ; mall-barn and kilns 

38 
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Ardbeg, Islay, Argyll 
A . malt-lo ft interio r 
B. malting- floor 

40 
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individual distilleries in recent years, but until the 1950s the 
malt-barn and associated kiln and malt deposit store were 

38 almost indispensable preliminaries in the working process. 
39 The typical malt-barn is of two or three storeys, including a 

40 A barley-loft for initial storage of the grain, originally 
delivered in sacks and transferred to the loft through the 
loading-door with block and tackle. The lower or malting-

40 B floors, surfaced with quarry tiles or slate slabs bedded in 
sand, usually have restricted head-room and are subdivided 
into long working-aisles by regular rows of columns. The 
floors are sparingly lit from the side-walls by small regularly 
spaced windows fitted with internal wooden shutters for 
controlling the temperature conditions within. Additional 
working-space in the two-storey arrangement, for example 

3 9 at Port Ellen, Islay (NR 359457), and Benriach, near Elgin, 
Moray (NJ 230585), is achieved by having one or more 
parallel ranges, each capable of functioning separately. 

It is important to keep the grain well aerated and fresh 
before the germinating process, and for this purpose the 

A. Bruichladdich, Islay, 
Argyll; cast-iron 
steeps 

Benriach, Elgin , Moray 
B. barley-bogie 
C. concrete steeps 

A 
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barley-loft was equipped with a continuous conveyor belt, 
or barley-band, running centrally over its length within the 39 lE) 

roof-space and directly beneath the loft floor. It worked in 
conjunction with bucket elevators and small outlet-chutes 
spaced at intervals in the loft floor, and at the upper level 
was trained through contra-rotating drums set in a railed 40 C 

bogie. Incorporated in the bogie was a device for directing 41 B 

the grain into chutes which by a system of adjustable slides 
could discharge it to either side or forward. In effect, the 
bogie and barley-band acted as a pick-up and spreader, 
initially to spread the newly delivered grain on the loft floor , 
then to recycle it through the floor chutes, and ultimately to 
transfer it to the steeps. 

The steeps, used for soaking the barley to promote 41 C 

germination, are situated at one end of the loft floor and 
consist of long rectangular tanks about 3 ft (0'9m) deep, 
traditionally constructed of cast-iron flanged panels or slate 41 A 

slabs. They are equipped at the base with a central channel 
for drawing off the water, and traps or sluice-valves for 

41 
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A 

releasing the steeped barley into wheeled hoppers below for 
spreading it over the malting-f1oors. A more novel arrange
ment for spreading the malt and conveying it to the kilns is 
to be found at Lagavulin, where an overhead monorail 
system was used for carrying the grain in wicker baskets 

42 c with a tip-up action, named elsewhere by Alfred Barnard as 
'travellers' .5 

The barley is left on the malting-f1oor for between seven 
and fourteen days, during which time it is regularly turned 

42 A traditionally by hand, using wooden shovels, or shiels, in 
order to maintain an even germination and temperature. 
Normally contiguous with the malt-barn, and at the 

3 9 opposite end to the steeps, is the kiln for drying the green 
malt, which is collected in two-man hand-barrows, or 

3 9 (C) malt-boxes, and then transferred to the kiln by elevator and 
43 A overhead chute. 

Kilns may range from 25 ft (7'6m) to about 40ft (l2'2m) 
43 square and are frequently arranged in pairs, sometimes with 
39 a common drying-floor. At ground level the kiln contains a 

central brick-furnace surmounted by a hopper-shaped 
smoke-chamber whose sheet-metal sides spread outward to 
encompass the drying-floor, usually no less than 14ft 
(4'3 m) above in order to prevent the malt from being 
scorched; as a further safeguard a square horizontal 
baffle-plate may be suspended about 10 ft (3 m) above the 
furnace in order to deflect the heat and smoke to the outer 
limits of the chamber. Extant drying-floors are constructed 
of perforated wire, referred to as 'patent German wire tiles' 
when introduced in the 1880s; but earlier materials evidently 
included perforated clay-tiles, slates or iron plates, overlaid 
with loosely woven horsehair matting to retain the finer 
particles of grain.6 The tall tapering roof of the kiln, 
elaborately framed in timber and latterly distinguished by a 
pagoda-style ventilator, is designed to draw the hot air 
upwards, while at the same time causing it to linger long 
enough for the peat smoke to flavour the drying malt. 

In earlier times peat was the sole fuel used, burnt in open 
braziers or chauffeurs,7 and although vast stocks are still 
required it is now reserved for the initial flavouring effect, 
the main source of heat being provided by other fuels such 
as coke and anthracite. Originally the malt was turned 

55 B periodically by using hand-rakes, and after the drying stage 
it was shovelled out of the kiln through a wall-hatch. At the 
time of survey, home-maltings using the methods and 
features just described were seen working at Ardbeg, 
Bowmore and Laphroaig on Islay , and at Benriach. 

42 

Bowmore. Islay. Argyll 
A. malling·floor; wheeled hoppers and shiels in use 
B. kiln·furnace 

Lagavulin . Islay. Argyll 
C . basket traveller 
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A. Port ElIen, Islay, Argyll ; 
interior of ki ln , showing 
drying-floor, open timber roof 
and grain-c hute 

B. Da llas Dhu , Forres, Moray; 
kiln 
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Usually adjacent to the kiln are the malt deposit store and 
35 mill-room, where the dried malt is left for a period of about 

six weeks, after which it is passed through a dressing-
44 B machine to clean it of impurities and then it is ground to a 

coarse flour or grist in a roller-mill. Originally this was done 
between common millstones, but the operation has long 
since been performed by pairs of steel friction-rollers in a 
compact mechanical unit, of which early examples exist at 

44 A Royal Lochnagar, and Edradour , Perthshire, the former 
dating from 1919 and made by R Boby, Ltd., of Bury St 
Edmunds. The traditional method for controlling the grain 
consistency, which becomes a critical factor at the mashing 
stage, was to use a small device known as a separator or 

45 A sampling box, and these continue to be used at many 
distilleries, including Royal Lochnagar and 
Bunnahabhainn. After being ground, the malt is transfer
red to the grist bins, or hoppers, ready for the distillation 
process . 

The mash-house, tun-room, and still-house are invariably 
35 grouped together under one or more roofs, to form the 
37 distillation block. Ideally the various units and processing 
57 vessels are linked to a gravity-flow system, as for example at 

Oban, Argyll (NM 859301), but where the site and gradient 
59 do not allow, one or more reciprocating pumps have to be 

used for moving the grain or liquid to the different levels. 

A. Royal Lochnagar, Deeside , Aberdeenshire; 
roller malt-mill 

44 

Most of the plant has to be renewed periodically, and hence 
the few early features that survive are no older than the 
1880s; in general, however, the major components preserve 
much of their traditional style and character. 

The mash-house contains the vessels necessary for the 
extraction process, which include one or more hot-water 
tanks, or coppers, for initially heating the water, and the 37(4) 

mash-tun, a larger circular vessel of cast iron, equipped with 37(5) 

a revolving rake or stirrer for mixing successive batches of 45 C,D 

malt with hot water; the resulting liquid extraction, or wort, 
is run off into an adjacent tank, or underback, and the spent 57(14) 

grain or draff disposed of for cattle-food . Old-style coppers 45 B 

are still in use at Bowmore and Bruichladdich , and many 
distilleries retain traditional mash-tuns. The early method 
of cooling the wort-an essential preliminary to fer
mentation-was by running it into extensive shallow tanks, 
exposed to the fresh air, sometimes equipped with revolving 
fans, and usually situated above the mash-house or the 35 

tun-room.s During the 1880s they were progressively 
replaced by a much more compact device termed a 37(7) 

refrigerator,9 consisting of an intricate arrangement of 57(17) 

copper pipes through which the wort passed while cold 44 C 

water flowed over them . These in their turn have been 56 A 

superseded by modern equipment. 

B. Bruichladdich, Islay, Argyll; 
grain-dressing machine 

C. Laphroaig, Islay, Argyll; 
' refrigerators', c. 1920 
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The tun-room, divided into two levels by iron gratings, 
normally adjoins the mash-house, and contains the large 
circular vessels, or wash backs, used in the fermenting 37(1 0) 

process, which may range in number from two to as many as 56 A 

fourteen or more. Made of wooden staves, of oak, pine or 57 

larch, bound together with iron hoops and covered with 46 A,B 

heavy sectional lids, the traditional wash back is still 
favoured in many distilleries because of its good insulating 
properties. The mixture ofwort and yeast pumped into each 
vessel is never higher than 3 ft (0'9 m) from the top so that no 
spillage occurs from the froth and turbulence caused during 
the fermentation process, a behaviour further kept under 
control by revolving arms, or switchers, fitted to each 57(22) 

vessel. 
The older still-house is usually a complex array of vessels 47 

and apparatus linked at different levels by ladder-stairs and 48 

gangways, often with much doubling back and crossing of 50 

pipe-runs to accommodate everything in a limited space. 

A. Dallas Dhu , Forres , Moray; 
tun-room at upper level 

B. Bruich laddich , Islay, Argyll; 
tun-room at lower level 

B 
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Tamdhu, Knockando, M oray; still-house (early riveted still in foreground) 

47 
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Baivenie, DufflOwn, Banffshire; sti ll-house 

48 



Wood, copper and iron as the principal hardware largely 
shape its internal character in conjunction with the 
distinguishing labels and colours applied to the different 
vessels and circuits-an Excise requirement. The most 
prominent objects are the copper pot-stills, which until well 
into the 20th century were coal fired, and in the smaller 

37 distilleries normally confined to a single wash-still and 
spirit-still-the minimum required for distillation . The 

57 traditional still has changed little in general design since it 
was first evolved for the purpose of intensive distillation at 
the turn of the 18th century, when duty was charged 
according to the still capacity as opposed to the quantity of 
spirit that could be produced. In essence it has a broad , 

49 A shallow body with a domed bottom to afford the maximum 
59 firing surface, and an elongated neck terminating in a bent 

pipe, or lyne-arm. But in its finer detail , notably the angle of 
the lyne-arm, it varies considerably from one distillery to 
another, a fact which accounts appreciably for the indi
vidual characteristics of malt whiskies, and hence the 
inveterate practice of renewing a still with one of matching 
design. Stills are exclusively made of copper, shaped and 

47 built up in a number of sections riveted or welded together, 
and ranging in thickness from Vs in (16 mm) at the base to 
3/16 in (5 mm) at the neck . The wash-still initially separates 
the crude alcohol from the water and solid matter, and 

49 c when coal fired has to be equipped with a rummager , which 
is a device composed of three or four rotating arms fixed 
within the body of the still, to which chain mesh or sheeting 
is attached for scouring the bottom to prevent any sediment 
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J'J'e r>r 'w,",," 

boii-b_o...
stt",m· bowi 

(oph"""'\) 

veF~ SeMl1S 

,how~dRc 

A. Principal features o f traditional 
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B. Balvenie, DufflOwn, Banffshire: 
st ill ; man·door dated 1884 
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A 
from caking on the surface. The spirit-still receives the 37 

product from the wash-still, known as low-wines, and is 57 

usually of a smaller capacity owing to the absence of solid 
impurities in the liquid. Old coal-fired stills, formerly at 
Laphroaig and Glenlivet, are recorded in photographs 50 A,B 

taken about 1920, and working examples exist at Glen 
Grant, Moray (NJ 275495), and Longmorn; Bruichladdich 
and Ardbeg both retain specimens of the earlier type of 
riveted still, which are probably the last ones in service. 

A . Laphroaig, Islay, Argyll ; 
still-house, c. 1920 

B. Glenlivet, Minmore, Banffshire; 
B sti lls, c. 1920 



A. Dallas Dhu , Forres, Moray; 
interior of worm-tub 

B. Speyburn, Rothes , Moray; 
worm-tubs for wash-stills 
and spirit-stills 

A 

As part of the distillation process, each still is attached to 
a condensation unit for converting the vapour into liquid 
again after passing over the Iyne-arm. Several distilleries 

33 8 continue to use the old method, which consists of directing 
37 (n) the distillate through a coil of copper pipes, tapered in 

diameter from about 12in (305 mm) to Sin (127 mm) at the 
outlet, and immersed in a stave-built vessel, or worm-tub, 
of cold running water standing against the outside wall of 

5 / A the still-house. Good specimens of the traditional worm-tub 
5/ B continue to be used at Dallas Dhu, Speyburn and Mortlach. 

Apart from the spirit-receiver-a stave-built vessel of 
35.37 oak, secured with Excise padlocks-the other main feature 

57 in the still-house is the spirit-safe, a locked brass box with 
60 B glass sides through which the successive distillates from the 
55 c stills are passed for sampling and directing to the appro-
60 B priate receiver. 

Water-power was commonplace for driving the plant and 
pumping-machinery until well into the 1870s, when it was 
increasingly replaced by the steam engine. The latter in turn 
has now been ousted by electricity, but Laphroaig and 
Bruichladdich, among others, were powered by steam 
within living memory, and Longmorn is one of the four to 
retain its engine in working order, together with an earlier 
water-wheel. Moreover, until quite recently the once 
standard practice of driving the rummager apparatus from 
a small auxiliary water-wheel powered from the overflow of 
the worm-tubs, was employed in several distilleries, for 
example Glen Grant and Longmorn. 

DISTILLING 

B 
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Adjoining the still-house, or situated nearby, is the 
37 filling-store, where the newly made spirit is put into casks. 
57 Good traditional examples are to be seen at Dallas Dhu, and 

52 A at Knockdhu, Banffshire (NJ 547528). Its main feature is 
the spirit-receiver, a large wooden staved vat elevated on 
piers and partially encircled by a wooden gallery; the other 
standard features are the weighing-scales, the stock-cask 
store, and a booth for the Excise Officer and his 
measuring-instruments. The cask-filling operation remains 
under manual control in many smaller distilleries, as also is 
the traditional method of weighing the cask empty and full 
to determine the spirit content. 

The 1823 legislation included provision for the storage of 
3 1 whisky in bond without payment of duty, and warehouses 

progressively became more numerous and space
consuming. Many were of the single-storeyed type, dis
posed in long, contiguous ranges, having earth floors to 
preserve a moist atmosphere; but after the 1850s, with the 
growing demand for malts in the blending industry, larger 
warehouses of two or more storeys became more common, 
notably in the Lowlands. All are characterised by their 
barred and louvred windows; they also have stout wooden 
doors, secured with heavy locking-bars and double 

52 B shrouded padlocks. Attractive examples of single-storeyed 
type, dating between 1846 and 1907, are to be seen at Port 

52 

B. Port Charlotte, Islay, Argyll: 

A. Knockdhu , Knock, 
Banffshire; 
filling·store 

bonded warehouse; locking·bar and padlock 

Ellen, all immaculately whitewashed, and also on Islay 53 A 

there is a superior example of the multi-storeyed type at 
Caol Ha. Dating from about 1900, the latter is a three- 53 B 

storeyed building of brick, designed with timber-slatted 
floors at the upper levels for promoting good air circu
lation. The traditional method for stowing the casks, called 
dunnage warehousing, is by stacking them in tiers of four or 53 D 

five with timber rails in between. They are graded in a 
variety of sizes which include: butts (exceeding 110 gal./500 
litres); puncheons (90-120 gal./41O-545 litres); hogshead 
(55 gal./250 litres); American barrels (40 gal./182 litres); 
and the smaller quarter casks (28 gal./ 127 litres) and octaves 
(14 gal./64 litres), now rarely used. 



A 

B 

A. Pon Ellen, Islay, Argy ll ; 
bonded warehouses 

B. Caollla, Islay, Argyll ; 
multi-storeyed warehouses, c. 1900 

C. Bruichladdich, Islay, Argyll; cask stencils 
D. Ardbeg, Islay, Argyll ; 

dunnage warehousing 

E 
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Of the various ancillary buildings, every distillery at one 
54 B time possessed a peat-shed, with open or ventilated sides to 

allow the huge stocks of peat to dry out and mature. 
Another essential unit is the cooperage repair-shop, whose 

54 A earlier character and functions may be judged from the one 
formerly at Glenlivet. Suitable offices and living-

54 c accommodation for the resident manager and Excise 
62 A Officer also formed part of the complex, and living-quar-
54 E ters for the Excise Officer were a statutory requirement. 

After 1893 a standard design was specified for this 
purpose, 10 normally a substantial house of four bedrooms, 

54 D of which examples are to be found at Caol !la and 
Laphroaig, dating from about 1896 and 1905. 

54 

A 

A. Glenlivet, Minmore, Banffshire; 
cooperage repair-shop, c. 1920 

B. Port ElIen, Islay, Argyll ; peat-store 
C. Bunnahabhainn, Islay, Argyll; 

fro nt of manager 's office and flat 
D. Caollla, Islay, Argyll; 

Excise Officer's house 
E. Glenlivet, Minmore, Banffshire; 

Excise office, c. 1920 

B 

D 

E 
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A. Royal Lochnagar, Deeside, 
Aberdeenshire; 
glass whisky dispenser 

B. Lagavulin, Islay , Argyll; 
malting·implements 

D 

B 

DISTILLING 

Most of the older distilleries retain a variety of traditional 
malting-implements, which include malt ploughs, wooden 55 B 

hand-shovels, or shiels, wooden-wheeled hoppers, two-man 
box-barrows, bushel measures and peat barrows. In 
addition, several specific features, now preserved as relics, 
are worthy of mention . Perhaps the earliest spirit-safe to 55 C 

survive is now preserved in HM Customs and Excise 
Museum, London, and formerly belonged to Port Ellen 
Distillery; it is uniquely small in capacity, measuring 14 !12 in 
by 7 in by 13 in high (369 mm by 178 mm by 330 mm), with 
holders for three hydrometers. An old wooden staved vat at 
Laphroaig was used in 1928 for making the first blend of 
'Islay Mist' whisky, and good specimens of copper 
cask-pumps were noted at Caol Ila and Speyburn. Royal 62 B 

Lochnagar preserves a very fine urn-shaped glass whisky 
dispenser, engraved with the Royal coat of arms-a relic of 55 A 

the pre-1914 era, when it was customary to supply whisky to 
inns and public houses in barrels, often of glass or china. 
Both Caol Ila and Glenlivet have old-style beam-scales 55 D 

formerly used for the cask-weighing procedure in the 
filling-store. 

Among the interesting relics in the museum at the 
Glenkinchie distillery, East Lothian, (NT 443668), is the 
string-and-ball apparatus one used by the still man for 
sounding the neck of the wash-still to test the level of the 
boiling liquid, prior to the introduction of inspection 
windows. 

C. Port Ellen, Islay, Argyll; 
early spirit-sa fe, c. 1824 

D. Glenlivet , Minmore, Banffshire; 
beam-scales 

55 
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Edradour, Pillochry 
Perthshire 

A. tun-room; 
'refrigeralor' on lefl 

B. general view from w 

A 

Edradour Distillery 
Pitlochry, Perthshire 

Tayside, Perth and Kinross 

whisky. Although no longer relying upon water-powered 
machinery or home maiting, virtually all the plant and 

NM 959579 buildings remain intact. The latter are recorded in the 
drawing and the photographs, as are the more complex 57 

I [ 1980 elements of the distillation plant, and collectively they serve 59 

to delineate the full range of stages in the whisky-making 
Alfred Barnard had little to say about this distillery during 
his celebrated tour of the Scottish whisky distilleries in 1887, 
possibly because it was then operating on a modest scale 
which would fail to impress him.ll Founded in 1837, it is 
now acknowledged to be the last of the small farm 
distilleries, and until the 1960s continued to employ all the 
traditional methods and equipment for distilling malt 

56 

process. 
The distillery preserves several early features of special 

interest. The two-roller malt-mill, or bruiser, is now 
perhaps the smallest and earliest of its type. For cooling the 
wort prior to fermentation, an old-style refrigerator is used, 56 A 

patented by Robert Morton and Co., which is the last of its 
kind in the industry. The two washbacks, each of a modest 57(19,20) 
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1000-gallon (4,550-litre) capacity, are kept free of bacteria 
58 c in the traditional manner, known as 'liming the backs', 

whereby the inner surface of the vessels is coated with 
57(28) lime-wash applied with a heather broom. The single wash 
57(43) and spirit-stills are mounted on their original coal-fired 

58 B furnace chambers, though now disused, and each is 
60 A connected to the traditional worm-pipe for the con

densation process. The spirit-still of 480-gallon (2, 185-litre) 
capacity-probably the smallest in the country-has a 

59 (N) bulbous expansion at the base of the neck which is usually 
associated with the making of a lighter and more flavoured 
whisky, and for the same purpose a small cylinder or 

57(46) purifier is introduced between the lyne-arm and the worm . 

58 

c 

Edradour . Pitlochry. Perthshire 
A. still-house; neck and lyne-arm of stills 
B. still-house; coal-fired furnaces 
C. tun-room; 'liming the backs ' 
D. measures and cooperage equipment 

Another once important feature, situated between the 
filling-store and the warehouse range, was a small con
tiguous building which originally served as the whisky store 
or shop, where, prior to the Maturation Act of 1915, whisky 
was sold direct from the cask. 
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Edradour . Pit lochry. Perthshire 
A. worm-pipes against external wall of 

st ill-house 
B. still-house; spirit-safe and receivers 

C C. filling-store 
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Illicit Still Apparatus 
Islay, Argyll 

Strathclyde, Argyll and Bute 1979 

Of the two examples illustrated-now preserved 
respectively at Lagavulin distillery (NR 404457) and the 
Museum of Islay Life, Port Charlotte (NR 252585)-the 
former is believed to have been used in the Lagavulin region 
and the other near Ballygrant. Their precise dates are 
unknown but in basic design both examples are doubtless 
modelled on the small pot-still apparatus of earlier times 
used originally by the private distiller and increasingly by his 
illegal counterpart, whose trade went largely unchecked 
until the effective legislative measures of 1823. Apart from a 
need for seclusion, the location of an illicit still was 
dependent on a suitable water-supply, desirably with 
provision for a small dam and a working-area for handling 
the whisky-making process through its various stages from 

initial steeping of the barley to the final product. Two sites 
answering to these requirements have been recorded in 
Argyll, one situated in a narrow gorge near Skipness 
(NR 921599) , and another occupying the ruins of a former 
click-mill on the Druim a' Mhuilinn Burn, Isle of Jura 
(NR 564735) .12 

The majority of bothies were equipped with a single still 
and cooling worm , so that actual distilling had to be 
conducted in two separate operations, the still having to be 
thoroughly cleansed between the alternate charges of wash 
and low-wines. The principal components of the distilling 
apparatus, traditionally made of copper, were the pot-still, 
the combined head and lyne-arm, and the coiled pipe or 
worm, the three separate units being easily joined together 
or dismantled at short notice . The Lagavulin apparatus is 
the more complete and has a deep pot-still of conventional 
pattern, while the other is of the later, crudely made 'tin' 
variety and has a modern head. A pair of eye-hooks on both 
stills were probably an aid to carrying the vessels by 
attaching them to a loop of rope or an iron handle. 

61 



DISTILLING 

A. Edradour, Pitlochry, Penhshire; 
Exci se and di stillery manager' s offices 

B. Caollla , Islay , Argyll; 
cask-pump 

NOTES 

n.1 Inventory of Argyll,S , No. 437 and p. 45. T he Commissioners 
wish to record their special gratitude to the directors , managers 
and staff of a ll the whisky distilleries visited in the course of this 
survey during the period 1979- 81. 

A 

n.2 For earlier comprehensive accounts of Scott ish distilleries, see 
Barnard, A, The Whisky Distilleries of the United Kingdom (1887, 
reprinted 1969). Moss, M Sand Hume, J R, The Making of 
Scotch Whisky (1981), provide the most recent account , embracing 
all aspects of the process and business history of the industry. 

n .3 Inventory of Argyll, 1, No. 348. 
n.4 P lans at Laphroaig Distillery: estate plans by William Gemm il , 

surveyor, 1840, and by ? J Young, surveyor, 1854; distillery plans 
dated 1910, 1924 and 1928. Informat ion from the late Mrs 
Wishan-Campbell, managing director of Laphroaig Distillery 
1954-72. 

n.5 Barnard, op. cil., 302, 340. 
n.6 Ibid., 69. 
n.7 Ibid ., 89, 99. 
n.8 Barnard mentions several mainland distilleries, op. cil. , 50, 121, 

235 , 250; Bremner, D, The Industries of Scotland (1869),452. 
n.9 Barnard, op. cil., 90, 94, 96, 101,105,110,113; Bremner, op. 

cil.,452. 
n.IO Smith, T G , Something to Declare (1980), 126. 
n.1I Barnard , op . cil. 
n. 12 Inventory of Argyll, 1, No. 350; 5, No. 431. 
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3 TEXTILES 

Prior to the emergence of a fully mechanised factory 
system, the making of textiles was fundamentally a 
cottage-based industry, widely dispersed throughout the 
country, with the spinning and weaving done entirely by 
hand. In the case of flax and wool, this practice persisted 
well into the 19th century, and cotton, too, evidently 
remained part of the home-weavers' craft for a limited 
period . Late 18th- and early 19th-century cottages associ
ated with the woollen trade were recorded in the small 
villages of Torbrex (NS 788919) and Cambusbarron (NS 
7792), both in Stirlingshire; 1 and attractive examples of 

70 cotton-weavers' cottages are to be found in Cariops village, 
Peeblesshire. 2 In the tartan-making village of Cambusbar
ron, a two-storeyed structure, well supplied with windows 
and a hoisting-door, was identified as a former weaving-
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SpinningdaJe Mill, Sutherland 

shed, and may perhaps represent one instance of the 
industry 's gradual mutation to factory-style premises.) 

Cotton , as the cheaper , more tractable textile, lent itself 
readily to the new improved machine processes, and 
cotton-spinning, from its extensive introduction in Scotland 
during the latter half of the 18th century, operated on a 
full-time factory basis . Initially, water-power and reason
able access to the raw material were the major factors 
governing the location of the large purpose-built mills, 
which caused a profound change in the landscape over an 
area stretching from the Glasgow hinterland eastwards to 
Perthshire and north to Aberdeen. Model factories of the 
water-powered phase, built during the 1780s by such 
entrepreneurs as David Dale, George Dempster and Claude 
Alexander to house Arkwright's water-frame and Cromp-
ton's spinning mule, included New Lanark, Lanarkshire ; 76-83 

Catrine, Ayrshire (NS 526258) and Deanston (NN 715015) 65 

and Stanley (NO 114328), both in Perthshire. A smaller 84 

isolated venture, aimed at promoting employment in the 
Highlands, was the spinning-jenny factory erected at 
Spinningdale, Sutherland, on the shore of the Dornoch 63 

Firth (NH 675894) . Designed with considerable architec-
tural character, this is a multi-storeyed structure incorpor-
ating a circular latrine-tower at one end, but it has lain 
ruinous since 1808 following an accidental fire. 4• 

With the introduction of the rotative steam-engine, early 
19th-century mills began to be built specifically for the new 
motive power and, as a consequence, location of the cotton 
industry gradually became more concentrated in the vicinity 
of Glasgow and the neighbouring coal measures. Water
power, none the less, remained a major resource until well 
after the 1850s, particularly in the woollen industry, and 
many factories, such as the now vanished Garlogie Mills, 131-5 

Aberdeenshire, used steam-power simply as a stand-by 64 

before moving directly from water-wheel to turbine. The 
outstanding feature of the water-power era was the pair of 
high-breast wheels, 50 ft (15'24 m) in diameter and 10 ft 6 in 65 A 

(3'20 m) wide, capable of developing 240 horsepower, which 66 A 

was installed at Claude Alexander's Catrine Works between 
1825 and 1827. Acknowledged in 1861 by their designers 
Fairbairn and Lillie as 'even at the present day among the 
best and most effective structures of the kind in existence' ,5 

these wheels were demolished in 1945, and the heart of 
Claude Alexander's immaculately planned industrial vil
lage-the elegant five-storeyed mill itself-suffered a 65 B 

similar fate some twenty years later. 
Although technological change began later in the tradi

tional textiles than in cotton, the woollen and linen 
industries became no less mechanised and sophisticated by 
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Woollen mills, Garlogie, Aberdeenshire 
A, B. survey drawings, c. 1910, Dunecht Estales 
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A 

Catrine Mills, Ayrshire 
A. design drawing of water-wheel 

(Fairbairn and Lillie, 1827) 
B. view from NE 
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A. Ca(rine Mills, Ayrshire; view of (he (wO wheels 

Skeoch Mill, Bannockburn, S(irlingshire 
B. general view from s 
C. design drawing of workers' dwellings , 

c. 1780 (redrawn) 
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Mills, Blairgowrie, Perthshire; aeria l view from N 

67 
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the middle of the 19th century, by which time they were 
consolidated respectively in the Border towns and the 
Fife-Angus area. Previously, the works tended to be on a 

66 B,C modest scale and more widespread. Skeoch Mill, Bannock
burn, Stirlingshire (NS 809904), recorded in 1960,6 may be 
cited as a medium-sized family business, established by 
William Wilson about 1770 and developed by the turn of the 
century into a compact industrial complex comprising a 
spinning-mill, weaving-sheds, and dye-houses, together 
with an associated range of workers' dwellings-another 
essential element of most factory enterprises. On the other 
hand, the somewhat later group of flax and jute mills 
dispersed on each side of the River Ericht, just above 

67 Blairgowrie, Perthshire, originally all driven by water
wheels, is a classic instance of a large colony of mills sited 
expressly for the purpose of exploiting a good water-supply. 

Whatever the raw material, the various stages in its 
conversion to the finished product, particularly with regard 
to the central processes of spinning and weaving, were 
basically the same for all textiles. Consequently, both the 
machinery and power-plant used, together with the build
ings containing them, conformed to a fairly universal 
pattern. Spinning, as the first process to be mechanised, 
required a linear layout for accommodating the rows of 
machines and working-aisles for the operatives; thus from 
the outset the standard spinning-factory tended to be a long 
multi-storeyed structure, built with external load-bearing 
walls of brick or stone and provided with regular and ample 
fenestration to admit good natural lighting. Iron tie-plates 

A. Cast-iron wall-tie, 
New Lanark , 
Lanarkshire 

B. Royal George Mill, 
Bannockburn, 
Slirlingshire 

or discs for stabilising the broad wall-surfaces at upper floor 
levels were often a feature of the exterior. A particularly 
interesting example was the now vanished Garnock Mill, 
Kilbirnie, Ayrshire (NS 316544), built in 1834,7 whose walls 
were braced internally across the corners by tie-rods secured 
with massive 2 ft 3 in (0'69m) by 1 ft 4in (0'41 m) elliptical 
cruciform wall-plates and bosses fixed on adjacent waIl-sur
faces. The earlier mills contained wooden beam-and-joist 
floors spanning from wall to wall, but in the course of 
evolution the overall width was extended by the insertion of 
one or more rows of intermediate columns of cast iron. 

86-90 Presaged by the erection of Houldsworth's Cotton Mill, 
Glasgow, by the 1820s these internal frames were often 
rendered fireproof by the use of a cast-iron framework and 
jack-arch floor construction, though timber floors 
remained a common alternative; the refinements achieved 
in the development of the fireproof iron frame by the end of 
the 19th century may be deduced from that employed in the 

9/-2 engine-house of the Atlantic and Pacific Mills, Paisley. For 
a time the spinning-mill also made provision for hand-

68 

B 

looms, usually on the lower floors, but once the power
loom became widely adopted in the 1850s, rows of 
single-storeyed weaving-sheds, with roofs of saw-tooth 
profile incorporating north lighting, became a standard 
feature of the larger factory complexes, particularly the 
Border woollen mills. In contrast, the earlier Royal George 68 B 

Mill, Bannockburn (NS 808904),8 built c.1822, is a tall, 
narrow four-storeyed structure with clear-span timber 
floors and a wheel-house at one end, typical of the more 
elementary style of factory used for both spinning and 
hand-loom weaving. 

With the advent of steam-power, the engine-house and 
the tall factory chimney eventually became familiar 
features. In common with the water-wheel, the rotative 
beam-engine and the later horizontal compound engine 
were sited at the centre or at the end of the building, and the 
engine-house tended to be singled out for special architec
tural emphasis, either as an integral part of the building, as 
at the now demolished Ferguslie Mills, Paisley (1826-1858), 69 B 

or simply as a detached structure. Transmission from the 
power source to the horizontalline-shafting and machinery 
on each floor was by means of a vertical shaft and 
bevel-gearing until about the 1860s, when the larger mills 
adopted the more efficient rope-drive-a series of ropes 
running to each floor and driven from the flywheel of the 
steam-engine (e.g. Atlantic and Pacific Mills, Paisley). 

An important branch of the coarse-textile industry to 
emerge during the middle decades of the 19th century was 
the hemp and jute trade for the manufacture of canvas, 
bagging and ropes, which became centred on Dundee and its 
environs. This in turn led to further offshoots, such as the 
linoleum trade in Kirkcaldy, where, from its erection in 
1900, the towering mass of Walton's factory-a stone 69 A 

multi-storeyed building with well-proportioned fenestra-



A. WallOn Linoleum Factory, Kirkcaldy, Fife; 
view from NE 

B. Ferguslie Mills, Paisley, Renfrewshire; 
mills I and 3 from sw 

C. Templeton Carpet Factory, G lasgow, c. 1898 

B 

tion and internal fireproof floor construction-proclaimed 
one of the town's major industries. The factory was 
designed and erected specially to house the inlay linoleum 
machinery, invented and patented by Frederick Walton, 
who first established the process under the name of the 
Greenwich Inlaid Linoleum Company. The commercial 
show-piece of the late textile era, however, is lames 

69 c Templeton's carpet factory overlooking Glasgow Green-a 
bizarre rendering of Venetian Gothic in polychrome brick 
and stone designed by William Leiper in 1889. c 
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Weavers' cottages, Carlops, Peeblesshire 
A. E side of main street 
B. survey drawings 

70 

+ 
' ~ 

Weavers' Cottages 
Carlops, Peeblesshire 

Borders, Tweeddale 

NT 161560 

• 1963 

Founded in 1784 as a cotton-weaving community by the 
local laird, Robert Brown of Newhall , the village of Carlops 
retains three terraced rows of weavers ' cottages of that date 

A on each side of the main street. 9 Built in 2ft-thick (0·61 m) 

B 

lime-mortared rubble, with sandstone dressings, they are 
single storeyed and may originally have been covered with 
pantiles, though they all are now slated. The frontages are 
whitewashed and their neat, regular fenestration reflects the 
main subdivisions of the rooms within . The original layout 
of a typical cottage appears to have comprised a kitchen and 
a combined workshop and parlour separated by a through 
passage and adjacent box-beds or bed-closets. A central 
feature of the kitchen was the wide lintelled fireplace 
projected on rounded corbels, all executed in dressed 
sandstone, though not a single example now survives. 

C. Woollen mill , Bridgend, Islay, A rgyll ; 
water-wheel; cha in-drive mecha ni sm 
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Woo llen mill, Bridgend , 
Islay , Argyll 

A. teasing·machine (1) 
B. sprinkler-box for 

oiling wool before 
teasing 

C . wooden-framed 
carder (3) 

B 

Woollen Mill 
Bridgend, Islay 

Strathclyde, Argyll and Bute 

TEXTILES 

NR 352632 

1979 

This mill, built 1883 on the E bank of the River Som, is 
typical of the smaller country business and primarily of 
interest for the machinery it contains and the traditional 
methods employed for processing the wool from its raw 
state, through the various stages, to the finished product. 10 

Plainly constructed of local rubble masonry, it comprises a 
gable-ended main block of three storeys, and a single
storeyed s wing, all originally slated. The upper floors are of 
wooden beam-and-joist construction carried on two inter
mediate rows of posts, and the E gable incorporated a 
loading-door at each level designed initially for admitting 
machinery. 

The layout of the machinery and equipment, some of 72 

which are among the last specimens of their kind to survive 
in Britain, is noted on the plans in their sequence of use . All 
the powered machinery was driven by a low breast-shot iron 70 C 

water-wheel with an unusual chain-drive mechanism, 
situated against the wall inside the s wing. Briefly, the 
process involved preparing the raw wool by breaking it 
down into smaller pieces in a teasing-machine, carding it in 71 A 

a scribbler to remove its initial coarseness, then in a similar 72(2) 

two-cylinder carder to form it into more uniform strips, 71 C 

which were cast automatically on to a piecing-machine 74 A 

designed to join them into continuous strands. The bulky 
nature of the strands, or rovings, required them to be 

71 
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Woollen mill, Bridgend , Islay, Argy ll 
A. first floor from NE , showing no. I spinning-jenny (12), 

slubbing-billy (11) and power-dr ives (10) 
B. cloth-press (33) 
C. tenter -fram es c 
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processed into a leaner yarn in a slubbing-billy on the first 
floor, before the yarn was suitable for spinning in the jenny; 73 A 

it could be further refined in a second jenny, The spun yarn 72(1 3) 

was next formed into hanks on the second floor and then 75 A 

washed and dyed in the dye-house. Having been woven in 75 B 

one or other of the power- or hand-looms, the finished 
cloth, whether of tweeds, rugs or blankets, went through a 
final process of washing and shrinking in the milling- 72(34) 

machine, following which it was dried on tenter frames, 73 C 

situated on high ground behind the weaver's cottage. 
Suiting material went through a further stage of being 
folded and pressed in a cloth-press worked by means of a 73 B 

turn-screw which compressed a series of heated metal plates 
inserted between the folds of cloth. The piecing-machine, 
slubbing-billy and jenny have been selected for more 144-50 

detailed study in Section 5. 
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Woollen mill, Bridgend, Islay, Argyll 
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A, piecing-machine (4), two-cylinder carder (3), 
and scribbler (2) in background 

B, warping-stakes (/9) 
C. custom card 
D, unwinding-machine 
E, treadle pim-winder (17) 
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Woollen mi ll , Bridgend , Islay , Argyll 
A . seco nd floor from NW, showing treadle- loom (22) and blanket-loom (2 1) to right 
B. dye-house (23-30) 
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B 

Mills and village, New Lanark, Lanarkshire 
A . aerial view from sw 
B. view from s by J Clark, c. 1825 
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Mills and Village 
New Lanark, Lanarkshire 

Strathclyde, Clydesdale 

NS 880425 

• ]( 1967-79 

The importance of New Lanark as a pioneering enterprise 
of industrial and social organisation is well known." 
Founded in 1785 by David Dale in association with Richard 
Arkwright, and profoundly influenced by the social and 
educational ideals of Dale 's son-in-law Robert Owen, by 
1825 it had become a model industrial village complete with 
mills, church, school, community buildings, including shop 

78 

Mills and vi llage" 
New Lanark, Lanarkshire 

A. view from NE by J Winning, c. 1818 
B B. store, c. 1895 

and bake-house and workers' dwellings. The site occupies a 
narrow stretch of ground beside the River Clyde, just below 76·83 B 

Corra Linn Falls, and the close inter-relationship between 
the mills, community buildings and lade system is best 
appreciated from the illustrations and site plans. Although 
the mills themselves have been subjected to alteration and 
reconstruction, the whole complex apart from No. 4 mill, 
which was burnt down in 1883, remains much as Dale and 
Owen planned it. A current programme of restoration by 
the New Lanark Conservation Trust in association with the 
Scottish Development Department, has been accompanied 
by a series of measured surveys undertaken by the 
Commission, which have included Owen's New Institution, 79 

erected between 1813 and 1816, and his School c.1819. The 80 
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A. The School, New Lanark , Lanarkshire; 
details of musicians' gallery 

two principal floors of the institute, each 140 ft (42'67 m) 
long by 19 ft (5'79 m) wide, were designed for educational 
and recreational purposes, the 21 ft-high (6'40m) upper 
floor being formerly divided into two apartments with 
side-galleries; the 150ft by 42ft (45·72 m by 12'80m) first 
and second floors of the school were each divided into two 
large rooms and furnished at their inner ends with a 

8 / A musicians' gallery enclosed by delicate iron balustrades. 
The terraced rows of workers' tenements provide a 

remarkable insight into the living standards of the times . 
82 (A) Apart from Braxfield Row, which is stepped along the 

descent of the approach road, the remainder of those here 
illustrated are built into the sloping hillside, and conse
quently the rear of the terraces usually incorporate one or 
more floors below street level with independent access . 
Flatted throughout and approached by communal stairs, 
the buildings fall into two main categories, the central 

8/ B blocks of New Buildings and Double Row/ Water Row 
82 (D·F) being of double-room depth, often allowing a four-square 

arrangement on each floor, and the remainder of single
room depth. Each dwelling incorporated from one to four 
rooms, the principal elements being the fireplace, scullery 

83 B and box-beds, the last especially affording a flexible unit for 
several permutations of house-layout. Flagged floors and a 
more limited window area made the basements less suited 
for habitation, and they appear to have been soon relegated 
to the function of wash-houses and possibly latrines, 
although the existence of no fewer than eight box-beds in 
two rooms in the basement of Water Row point to their 
possible use as pauper dormitories. The original domestic 

8 / c fittings were of a fairly standard character: the fireplaces 
had plain stone surrounds and latterly an iron range 
equipped with swey and smoke-board; another universal 

83 A ,B feature was the hurley-bed (Scots), or truckle-bed-a 
wooden drawer or box mounted on wheels capable of 
accommodating two persons, and low enough to be slipped 
under the fixed bed when not in use . 

Iwl{- plall rf qu/lel'J ,lid stair 

19201121 lj 71 2..- l~:l ]~1'> lO 

B 

Mills and vi llage, 
New Lanark , 
Lanarkshire 

B. New Buildings from s 
C. specimen fireplace 
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Mills and village, Stanley, Perthshire; 
Bell Mill from NE 

Mills and Village 
Stanley, Perthshire 

Tayside, Perth and Kinross 

NO 114328 

• 1981 

Founded in the same year as New Lanark by George 
Dempster, in association with Arkwright and a group of 
Perth merchants, upon land feued from the Duke of Atholl, 
the cotton mills and factory village of Stanley constitute 
another early industrial enterprise developed on model 
lines. 12 The existing mill complex, which is situated in a 

83 c steep wooded valley on the N bank of the River Tay consists 
principally of Bell Mill, or West Mill, completed by 1790, 
East Mill (c. 1840), and Mid Mill (c.1850), the buildings 
being ranged round three sides of an irregular courtyard 
with a tall free-standing chimney in the centre. The mills 
were originally powered by seven giant water-wheels 
generating a total of 400 horsepower, and linked to an 
underground conduit system some 800 ft (244 m) in length, 
which drew the waters from the River Tay on the N side of 
Sheil Hill. The village occupies a level site on higher ground 
to the wand comprises neat rows of two-storeyed terraced 
houses laid out on a regular plan, some of stone and others 
of brick; evidently by 1828 it also included a church, school 
and shops, and a tenement block. 

The most noteworthy building is Bell Mill, which is 
perhaps the best surviving example in Scotland of the earlier 
narrow mill with wooden floors and limited headroom. 
Originally of six storeys and measuring 90 ft by 28 ft 
(27'43 m by 8'53 m) internally, the building has a modest 
width relative to the substantial cross-beams (14in by 
10 V4 in; 356 mm by 260 mm) which were probably designed 
to span from wall to wall; in the existing arrangement, 
however, the basement and ground storey are combined 
into one, and the floors supported on a central row of 
cast-iron columns. 

The external walls are built in masonry to first-floor level 
and in brick above-the latter being made on site from local 

84 
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clays and laid in Flemish bond. Other salient characteristics 
are the slated and gabled roof capped by a handsome belfry 
and weather-vane at the s end; and an ample regular 
fenestration composed of segmentally arched sash-win
dows. The w elevation, with its slightly advanced central 
portion, and the small circular, ogival-roofed lodge-house 
(c. 1876), standing a short distance to the s, makes a fitting 
architectural frontispiece to the mill complex . 

6, 
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Houldsworth' s Cotton Mill , Glasgow C 

A. E fa~ade 
B. pilaster capital 
C. pilaster base 

Houldsworth's Cotton Mill 
Glasgow 

Strathclyde, City of Glasgow 

B 

NS 578651 

# 1967 

Henry Houldsworth's cotton spinning mill, formerly situ
ated in Cheapside, Anderston, was one of the small but 
important group of buildings whose evolution over little 
more than a decade produced an effective form of fireproof 
construction for the multi-storeyed factory. 13 It was built in 
1804-5, its nearest contemporaries being the Salford Twist 
Mill, Manchester (1799-1804), the flax mill at Meadow 
Lane, Leeds (l802-3) designed by Charles Bage, and the 
North Mill at Belper (1803-4) by William Strutt. Measuring 
232 ft by 43 ft (70'71 m by 13 ' 11 m) on plan, and rising to 
seven storeys above a sub-basement, it has a brick fa<;ade , 

86 A-C treated uniformly with a giant order of pilasters and 
entablature, but concealing a two-period structure . Had it 

87 been completed as originally planned, it would have 
comprised a central two-bay engine-house and a twelve-bay 
fireproof range on each side, but in the event only the 
northern half was built in that manner , and a s range with 
conventional timber floors and iron columns was subse
quently added in the mid- 19th century. 

As in the forementioned English examples, the floors of 
88 the northern section of the building were of brick jack-arch 

86 

construction supported on an internal cast-iron frame 
composed of cross-beams and two rows of columns set on 89 

stone pad foundations . Successive column lengths were 
shouldered at the head and rendered continuous from floor 
to floor by spigot joints; the beams were of inverted 
T-section and each row was cast in three lengths with 
half-round sockets at the end to clasp the column head. The 
resultant flexible joints and the simple bending moment 
thus imposed were factors that determined the shaped 
longitudinal profile of the beam, which increased to a depth 
of 15 Yi in (394 mm) at the centre. Another technical 
refinement was the longitudinal tie-rods restraining any 
unresolved thrusts from the jack-arches, which in this case 
were completely embedded in the arch core in order to 
protect them from fire. 

The roof was supported on a series of cast-iron trusses, 90 A,B 

each made up of four prefabricated sections strapped and 
bolted together and stilted above the wall-head on open 
web-pieces. Initially, the trusses had two intermediate 
supports provided by extensions of the main columns, but 
they were subsequently modified and mounted at a slightly 
higher level. 

The motive power for the mill was a Boulton & Watt 
engine, which also exhausted steam through the hollow 
structural columns to provide a novel central-heating 
system; the firm's draughtsman, William Creighton, super
vised the erection of the engine on site but it is not known 
who was wholly responsible for designing the building. 
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Houldsworth' s Cotton Mill, Glasgow; exposed floor-sections 
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Houldsworth's Cotton Mill, 
Glasgow 

A. cast-iron roof-trusses 
(centre columns and 
beams inserted) 

B. sketch details of 
roof-truss 



A 
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Atlantic a nd Pacific Mills, Pai sley, Renfrewshire 
A. s far;ade 
B. interior of Atlantic Mill , fourth floor 

Atlantic and Pacific Mills 
Paisley, Renfrewshire 

Strathclyde, Renfrew 

TEXTILES 

NS 488636 

# 1972 

Prior to its demolition in 1972, the linear range comprising 
the Atlantic and Pacific Mills formed part of the vast 
Anchor Thread Works of J & P Coats Limited. Completed 
to a three-stage plan between 1871 and 188-3 and ultimately 
covering the considerable area of 532ft by 80 ft (162'2 m by 
24'4m), the two mills were uniformly built in red brick with 
selected sandstone features, and conformed to a sym
metrical layout incorporating a central and secondary tower 91 A 

of two-bay width. The mill floors were composed of twin 
wooden main beams and joists, boarded and surfaced with 
maple and carried on cast-iron columns, which divided 9 1 B 

them into four longitudinal aisles with corresponding 
ridged roofs. But the central tower, built as the last phase in 
order to unite the E and w mill ranges, was designed as an 
intervening fireproof barrier with thick walls and floors of 92 

sophisticated jack-arch and cast-iron construction. The 
secondary towers, central to each mill, contained the 
power-plant, which consisted of a horizontal compound 
steam-engine with a 32 ft-diameter (9'75 m) grooved fly
wheel driving a rope-race engaging with the line-shafting on 
each floor. 

91 
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The Gourock Rope Work, Port Glasgow, Renfrewshire 
A. interior of central section 
B. ropewalk machinery compri sing foregear, 

traveller and top-cart 

TEXTILES 
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94 
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The Gourock Rope Work, Port Glasgow, 
Renfrewshire 

A-D. gate-rests and stake-posts 
E. membership certificate of the 

Gourock, Greenock and Port Glasgow 
Ropemaker Society 

B 
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The Gourock Ropework 
Port Glasgow, Renfrewshire 

Strathclyde, Inverclyde 

NS 324743 

# 1976 

Established in 1797 as a result of a merger between the Port 
Glasgow Rope & Duck Company (founded 1736) and the 
original Gourock Company (founded 1777), this firm 
enjoyed a world-wide reputation in the manufacture of 
ropes, canvas and sailcloth. At the turn of the 19th century 
it became particularly well known for its special proofing 
process of canvas and sailcloth, usually identified by the 
trademark 'Gourock Al Birkmyre Proofed'. On its closure 
in 1976, the works complex included a large brick 
multi-storeyed block, formerly a sugar refinery, and a 

95 A ropewalk. The ropewalk, which extended along the N side of 
the Glasgow-Greenock railway, was built partially of 
random rubble and brick , with a slate roof, and comprised_ 
three main sections totalling approximately one quarter 
mile (400m) in length . The earlier 854ft (260m) single
storeyed portion was extended westwards, probably in 
1840, by the addition of two successively wider units which 

93 A incorporated upper floors of jack-arch fireproof con
struction. The extensions were evidently planned for 
ropewalk machinery, designed and perfected by the com-

93 B pany. One such machine, comprising foregear, traveller and 
top-cart, dating from 1859, remained in situ on the ground 
floor. At about the same time the first floor was evidently 
used for making ropes by the 'house machine' method, 
which dispensed with the need for a long ropewalk . The 
ropewalk had three trackways, of which the longest was 
capable of hauling out three-strand ropes of 191 fathoms 
(348'67 m), up to 20 in (0'51 m) in circumference of hemp or 
manilla, and 36in (0'91 m) of coir; and the two other tracks, 
In-fathom (314m) ropes of manilIa or sisal up to 24in 
(0'61 m) in circumference. The several fixtures along the 

94 walks included a variety of pronge'd ' gate~rests and stake
posts spaced at appropriate intervals in order to maintain 
the rope at a 'level lay' . 

o 

The Gourock Rope Work, Port Glasgow, Renfrewshire 
A . ropewalk from NW 

Forth and Clyde Roperie. Kirkcaldy. Fife 
B. fixed foregear at N end 
C. traveller 
D. '. top-cart 

TEXTILES 

95 
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Forth and Clyde Roperie 
Kirkcaldy, Fife 

Fife, Kirkcaldy 

B 

NT 277901 

# 1974 

This ropework was established at the s end of Kirkcaldy in 
1850 by a local boat-builder and a twine manufacturer for 
the manufacture of soft-fibre ropes (e.g. hemp). Originally 
it appears to have measured 656 ft (200 m) in length from N 

to S, but the building was soon extended at both ends to 
approximately 1227ft (374m), and roofed uniformly with 
pantiles. A wider brick portion at the N end housed offices 

96 

Forth and Clyde Roperie, Kirkcaldy, Fife 
A. int erior looki ng N 

B. ropewalk from NE 

and machinery for spinning and processing the strands , and 
also a tarring-pit complete with a wooden-framed winding- 97 A 

reel. The ropewalk itself was a rubble-built range with low 
undulating side-walls and broken roof-line; within its long 96 A.B 

narrow confines-sparingly lit with small shuttered win-
dows beneath an open timber roof-the floor accommo-
dated three track ways and sets of rope-making equipment. 
The latter, which varied in date and design, comprised a 
fixed foregear at the N end and a mobile traveller, or bogie, 95 B·D 

and top-cart. In 1896 the firm assumed the name of Forth & 
Clyde Roperie Company Limited and subsequently used the 
ropewalk for the manufacture of hard-fibre ropes of about 
175 fathoms (320 m) in maximum length. 
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Forth and Clyde Roper ie , Kirk cald y, Fire 
A. ta rring- pit and wind ing- ree l 

Card y Net Manuracto ry, Lower Largo, Fire 
B. ractory interior , 1885 

97 
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Cardy Net Manufactory, Lower Largo, Fife 
A. view of works and proprietor's house, 1872 
B. design drawings, 1867 
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Cardy Net Manufactory, Lower Largo, Fife; interior of warehouse 

Cardy Net Manufactory 
Lower Largo, Fife 

Fife, North-east Fife 

NO 422026 

1977 

Situated on the edge of the foreshore of Lower Largo, the 
modest-sized networks built by David Gillies in accordance 

98 B with drawings dated 1867, though now disused, is otherwise 
well preserved. Externally it is best appreciated from a trade 

98 A card engraving which shows the complex as a going concern 
complete with factory, formal walled garden and the 

proprietor's mansion. The factory building, measuring 60 ft 
(18'29 m) by 50 ft (15·24 m) overall, is a two-coloured brick 
structure panelled externally by pilasters and divided from N 

to s by three roof-ranges covered with slates and having 
ample roof-lights. Internally, the two eastern ranges 
contain the working area, divided by a central row of 
structural columns, and the third range is divided off to 
form a workshop with forge, a smaller warehouse and an 99 

office . At the time of survey in 1978, the warehouse and 
office were much as they had been left when the works 
closed some twenty years previously; an early photograph 97 B 

shows the factory interior in operation. 

99 
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n.5 Fairbairn, W, Mills and Millwork (1861), part I, 126; part 2. 
n.6 Inventory of Stirlingshire, 2, No. 264. 
n.7 Hume, Ind Archaeol Scotland, 2, (1977), 58. 
n.8 Inventory of Srirlingshire, 2, p. 316. 
n.9 Inventory of Peeblesshire, 2, p. 287. 
n.IO The technical information in this account is based on discussions 

with the then weaver, Mr W B C hristie . Mr J Barbour Hill, of the 
Science Museum, London, and Dr J A Iredale, of Bradford 
University, have a lso been consu lted . 

n.11 Hume, J R, 'The industrial archaeology of New Lanark', in Butt, 
J (ed.), Robert Owen, Prince ofeotlon Spinners (1971),215-49. 

n.12 For a detailed account of the works' history , see Cooke, A (ed.), 
Stanley. Its History and Development (1977) . 

n. 13 Hay, G D, Post-Medieval Archaeology, 8, (1974), 92-100. 

100 

Ca rron Ironworks, Stir lings hire ; 
ship' s Carronade, no. 75990, cast 18 10 



4 METALLURGY AND ENGINEERING 

Evidence of early iron-smelting operations in Scotland is 
still to be found at the numerous bloomery sites widely 
dispersed in the once wooded areas of the Highlands.) 
Bloomeries generally survive as grass-covered mounds of 
slag and were a crude form of charcoal furnace . They were 
often no more than shallow cavities scooped out of the 
ground for the purpose of producing a 'bloom ' or lump of 
malleable iron, which was then repeatedly hammered to 
remove impurities. These primitive methods of iron-making 
continued to be employed in Scotland until the 17th 
century , when the potential of ample charcoal supplies, 
allied to water-power and the presence of bog-ore in the 
Highlands, began to attract English and Irish ironmasters, 
who by then were well practised in commercial production 
of cast iron in charcoal-fuelled blast-furnaces . 

Many of these enterprises, such as those at Glen Kinglass, 
Argyll (NN 082371) (c.I722), and Abernethy, Inverness
shire (NJ 0020) (c. 1730),2 were short-lived ventures, but this 
did not deter ironmasters from the Furness district of Nort!) 
Lancashire during the 1750s from setting up two new sites in 

108·14 Argyll, respectively at Bonawe, by Loch Etive, and at 
114·15 Furnace, by Loch Fyne. During this period most of the iron 

smelted in the furnace was either cast into pigs for 
subsequent refining as wrought iron, or tapped direct into 
moulds-a procedure normally confined to hand tools, 

A 

Carron products, Callendar House, Stirlingshire 
A. kitchen oven 
B. kitchen hotplate 

H 

simple household ware such as pans and firebacks, and 
notably cannon-balls and shot. Charcoal pig-iron continued 
to be valued by iron masters for special fine-quality castings 
until about the mid-19th century, but by the 1760s the 
widespread use of coke for smelting iron, presaged by the 
successful experiments of Abraham Darby at Coalbrook
dale, had become the standard method for the commercial 
production of iron. 

In Scotland, the first coke blast-furnaces were installed at 
the Carron Iron Works , Stirlingshire, the vast, rationally 
planned complex founded in 1759 by Dr John Roebuck in 
association with William Cadell and Samuel Garbett of 
Birmingham. In subsequent decades blowing-engines were 
installed to supply the powerful blast, and a mill for boring 
guns and cylinders; following the success of Henry Cort's 
puddling and rolling process, reverberatory furnaces fuelled 
by coke were used for reheating pig-iron and converting it 
into wrought iron. Apart from the historic connection with 
James Watt's early experiments with the steam-engine, 
Carron's rise to fame was vested in the 'Carronade', a 100 

large-bore cannon of relatively short length and exceptional 
strength, and likewise the production of fine-quality 
castings for all kinds of engineering- and building-purposes. 101 A,B 

Part of the early foundry, with arched masonry openings 
and massive timber roof, survived in a modified state until 

B 
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Carron Ironworks, Stirlingshire 
A. o ld pan of Hi gh Foundry 

looking s 
B. o ld pan of Low Foundry, 

B w side , roof structure 

A 



102 A.B about 1970, as did also a mid-19th-century engineering-
1/5-/7 shop and a bank of four furnaces dating from about 1890. 

All that now remains of the complex is the red sandstone 
two-storeyed office-block built in 1876, which preserves in 
the walling the fragment of a cast-iron lintel of the first 
furnace of 1760, and part of a steam cylinder made by 
James Watt, cast with the inscription CARRON/1766. Carron 

A 

B 

set the trend and location for the new foundries, which 
logically became concentrated on the principal coal-produc
ing areas of the central Lowlands,3 but further develop
ments in the Scottish iron industry had to await James 

C 
Carron Ironworks, Slirlings hire 

A, B. casl-iron fragmenl s 

METALLURGY AND ENGINEERING 

Neilson's invention of the hot-blast process which he 
patented in 1828 and applied successfully at the Clyde 
Ironworks two years later. His method of pre-heating the 
blast before it went into the furnace resulted in a great 
improvement in iron output and fuel utilisation; in 
particular, it permitted the large deposits of low-grade coals 
and black band ironstone of the Lowlands to be used for 
smelting . Wide application of the process, coupled with the 
water-cooled tuyere invented by James Condie of the Blair 
Ironworks, Glasgow, marked the beginning of Scotland's 
rise to world status by the 1850s in the output of iron and 
engineering products. 

In the construction industry eminent engineers like 
Fairbairn, Hodgkinson and Tredgold had rationalised the 
structural merits of cast iron and wrought iron in their 
application to building and bridge design. Thus the middle 
decades of the 19th century witnessed the manufacture of 
ironwork for London's Crystal Palace at Fox and Hender-
son's Renfrew factory,4 and James Kibble's design for the 
smaller but equally successful multi-domed structure in 103 C 

glass and iron in Glasgow's Botanic Gardens. s In 1855- 6 
another significant advance was the use of an all-cast-
iron frame for the multi-storeyed warehouse at 36 Jamaica 104 

Street, Glasgow, built by the ironfounder R McConnell in 
conjunction with John Baird. 6 

An earlier example in the architectural application of cast 
iron is the dome and rotunda formerly concealing the 
water-cistern of the neo-Classic Perth Waterworks, 105 A,B 

designed by Adam Anderson in 1832. Throughout the 
course of the 19th century, however, the most lasting 
testimony to the ironfounder's art rests in the multifarious 
uses of iron for furnishing Scotland's towns and cities with 
a remarkable wealth of architectural detail and incidental 
features, particularly in Edinburgh and Glasgow. Both 
wrought iron and cast iron , often in combination, were used 
for this purpose on a mass-produced scale for the miles o f 105 C 

street railings, decorative balconies and all kinds o f 106-7 

everyday accessories and utilities. 

C. BOla nic Gardens, Glasgow; conservalOry (Kibble Palace , c. 1860) 

103 
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Warehouse. 36 Jamaica Street . 
Glasgow 

A. view from SE 

B B. detail of structural bay 

A 



Perth Waterworks 
A. cast-iron dome and rotunda 
B. view from s 

Former Caledonian Railway station , Peebles 
C. wall drinking-fountain 
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Street ironwork , Edinburgh 
A. railings and lamp-standa rds , C ha rio!!e Square 
B. balcony a nd overthrow , Mel ville Street 
C, D. lamplighter exti ngui shers 

Fraserb urgh, Aberdeenshire 
E E. cast-iron fou nt a in 

C 
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A-C. Cast-iron urinal, railway sta ti on, 
Melrose, Roxburghshi re 

D. Bandstand, Duthie Park, Aberdeen 

o 
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METALLURGY AND ENGINEERING 

The period just outlined is represented here by examples 
drawn from two of its most significant building-types, 
namely the early charcoal ironworks and the mid-19th
century engineering-shops. A broader impression of the 
influence that metal and engineering technology had on 
Scotland's monuments may be obtained from the various 
works and artefacts covered in other sections. 

Charcoal Iron-smelting Furnaces 

Ironworks NN 082371 
Glen Kinglass, Argyll 

Strathclyde, Argyll and Bute 1968 

The works at Glen Kinglass, which stood close to the shore 
of Loch Etive, were founded and run by an Irish 
co-partnership from 1722 to its closure about 1738, timber 
rights being negotiated with a number of local landowners 
including Sir Duncan Camp bell of Lochnell. There are the 
remains of the furnace, measuring about 30 ft (9'1 m) square 
overall, as well as traces of associated buildings at a higher 
level above the furnace, which evidently included turf
walled sheds. 7 

Ironworks, Bonawe, Argyll; workers' dwellings 
A. SE of furnace 
B. N of furnace 

108 

Ironworks 
Bonawe, Argyll 

Strathclyde, Argyll and Bute 

NM 009318 

• ** 1960-75 

Bonawe Ironworks, situated close to the s shore of Loch 
Etive by Taynuilt village, is one of the most extensive and 
best-preserved relics of the early iron industry in Britain.s It 
was established in 1752-3 by Richard Ford and Company as 
an offshoot of their works in Furness, and leases of the site 
and wood rights were agreed with the above-mentioned Sir 
Duncan Campbell and the 3rd Earl of Breadalbane for a 
period of 110 years. Haematite ore was brought in by sea 
from Lancashire and Cumberland, and a rotational system 
of coppicing was developed for the manufacture of 
charcoal, charcoal-burning stances being found in many of 
the natural woodlands around this part of Argyl1.9 After 
expiry of the original lease in 1863, a new agreement was 
negotiated with Alexander Kelly of Bonawe, but the furnace 
finally closed in 1874. 

As well as the furnace and storage sheds, the company 108 A,B 

erected a manager's house, workers' dwellings, and numer- 110 (H) 

ous ancillary buildings, which included a school, a church, a 
jetty and a truck-store, creating in effect a self-contained 
industrial community. 
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A. Ironworks, Bonawe, Argyll; 
N face of furnace showing wyere arch 
after preservation 

B. Ironworks , Bonawe, Argyll; 
developed drawing from N 

109 
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A 

B 

Ironworks , Bonawe, Argyll 
A. iron-ore shed (foreground) and charcoal sheds fro m NE 

B. roof-slruclure, E charcoal shed 

At the heart of the complex are the manufactory 
109 B buildings, all of which occupy bankside positions on the 

11 0 sloping site, thus utilising the changes in level to assist what 
was essentially a gravity-feed process. They are solidly built 
of lime-mortared random or coursed rubble masonry, 
chiefly of the local granite, but numerous features betray 
their Lake District origins. 

The charcoal sheds, or coal-houses, are spacious, well
I I D (A, B) ventilated barn-like structures covered with open timber 

roofs of tie-beam construction carried down over the 
side-ranges as catslides. Loading-doors were situated in the I I I A.B 

rear walls, and unloading-doors, at the lower ground-level, 
at the front, whence the charcoal was barrowed or carried to 
the charging-house . The iron-ore shed, lying along the 
contours just NE of the charcoal sheds, was designed to be 
filled and emptied in a similar manner once the shipments of 
iron-ore had been carted up the hill from the jetty. 

111 
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A 

The blast-furnace is typical of the kind used during the 
109 A later charcoal phase of the industry in Britain. The furnace 
112 B openings have cast-iron lintels inscribed Bunaw. F. 1753. 

Apart from considerations of stability , the size and shape of 
the furnace were determined by the need for an adequate 
insulating core to reduce heat-loss and by the shaft within, 
whose design had to ensure a good draught and likewise 
prevent the friable charcoal from being crushed by an 
overweight of iron-ore. 

The blowing-house, casting-house, store and smithy 
110 (E) enclosing the furnace on its Nand w sides are now ruinous, 

113 but the pitched roofs formerly covering these important 
ancillary structures can be traced by the socket-holes in the 
furnace walls for the roof-timbers-roofs, incidentally, 

Ironworks, Bonawe, Argyll 
A. cast-iron lintel above tuyere arch 
B. furnace from NW after preservation 

112 

which would have given an entirely different outward 
appearance to the furnace compared with today. Exca
vations have revealed the granite base-blocks of a blowing
engine introduced at some time in the 19th century to 
replace the original leather bellows. Both types were 
powered through a camshaft worked by a low breast-shot 11 3(10,12) 

water-wheel mounted in a pit and wheel-house along the E 

side. The floor of the casting-house was found to be divided 
by a stone kerb into a part-metalled area to the N and a bed 113(20) 

of fine sand to the s. 
The rear s wall is insulated from the earth bank and 

retaining wall by a narrow V-shaped cavity, which has a 11 3(27) 

stone conduit running along its base and that of the 
casting-house-presumably for collecting seepage. At the 
upper level, the charging house and furnace were connected 
across the cavity by means of a joisted timber bridge (hence 11 3(23) 

the alternative name bridgehouse), and by relieving arches 
on the side-wall. Directly beneath the bridge a long narrow 
chamber, carried on a joisted floor, was contrived within 
the cavity. Approached from the E by an external ramp, it 
probably served as a bothy for the furnace-keeper during 1 /3(28) 

the smelting operations, and possessed the amenity of a 
window and a fireplace set in the retaining wall, with 
horizontal flues issuing from the side-walls. 

B 
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METALLURGY AND ENGINEERING 

The principal manufactory buildings have been described 
approximately in the sequence in which they occur in the 
smelting process. Prior to this, the three ingredients-iron
ore, charcoal and limestone-underwent certain pre-treat
ment. Thus, the ore was washed, roasted and crushed to 
reduce its sulphur content and other impurities. The 
limestone was also broken down, and adequate stocks of 
charcoal had to be prepared, customarily supplied to the 
warehouses in 1 Y2 cwt. (76 kg) bags and stacked there in 
dozens. It was also normal practice to pre-heat or season the 
furnace about a week in advance; the hearth area had to be 
relined where necessary and the apertures forming the 
tuyere and the tap-hole then sealed. 

At the commencement of the smelting-operations the raw 
materials were assembled in the charging-house and 
measured in the correct proportions-the ore and limestone 
by weight, and the charcoal by volume-after which they 
were carried over the bridge and fed into the furnace shaft 
to its full height. Once the furnace was put into blast, the 
campaign (to use the trade term) was continuous, with 
recharging taking place constantly over a period lasting 
from about late autumn until early summer. Aided by a 
limestone flux for removing non-metallic impurities, the 
charge was heated and reduced to molten metal as it moved 
down the structure towatds the hearth, a temperature of up 
to 1200°C being achieved by an upward blast of air supplied 
from two sets of bellows blowing alternately. Periodically 
liquid iron was run off through the tap-hole into a principal 
furrow formed in a bed of sand, called the sow, and its lesser 
branches the pigs (hence the term pig-iron). The slag 
(impurities and unreduced ore), being lighter than the 
molten iron, was drawn off last over the slag-dam. It has 
been estimated that the furnace was capable of producing 
about two tons of pig-iron per day, which, owing to its high 
carbon content, was hard and brittle and normally required 
further refining. For this purpose, apart from some casting 
and forging on a small scale, it was the policy at Bonawe to 
ship the rough bars of pig back to commercial plants in 
England. 

Water for the ironworks was led from the River Awe 
about 1 mile (1'6 km) to the east by means of an aqueduct, 
turning at right angles at the furnace to drive the 
water-wheel. Supplementary supplies were held in two 
reservoirs situated on the high ground near the manager's 
house and adjacent to the upper terrace of workers' 
dwellings. 

Ironworks 
Craleckan, Furnace, Argyll 

Strathclyde, Argyll and Bute 

NM 025000 

• * 1983 

The Craleckan Ironworks,1O situated at Furnace, on the 
shore of Loch Fyne, was established two years after Bonawe 
by the Duddon Furnace Company, another concern 
stemming from the Furness district of Lancashire. It 
appears to have been organised on similar lines to Bonawe, 
but the complex as a whole is no longer so well defined, 
having ceased production about 1813. Of the manufactory 
buildings, which occupy the customary bankside position, 
there are substantial remains of a former charcoal-shed, 
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evidently capable of holding about 600 dozen bags of 
/J4 charcoal,11 and the furnace itself, which together with its 

115 A associated buildings is remarkably complete. One of the 
cast-iron lintels over the tuyere-opening bears an indistinct 
inscription, C (?o) F 1755, and the hearth area is potentially 
of unique technological interest in that the lining has 
remained undisturbed since the furnace was finally damped 
down. Ancillary buildings include the usual casting-house 
and a blowing-house, the latter, unlike the layout of its 
English parent furnace at Duddon Bridge and of that at 
Bonawe, being located beneath the charging-house. The 
Craleckan furnace also appears to have incorporated a 
forge, situated between the casting- and blowing-houses, 
which probably operated on a sufficient scale to be
equipped with finery hearths and forging-hammers, neces
sary for fashioning the pig-iron into wrought iron. 

Ironworks, Craleckan, Argyll 
A. furnace from N W 

Engineering-shop, 
Carron Ironworks, Slirlingshire 

B. view from sw 
B 

Engineering Workshops and 
Foundries 

With the expansion of heavy engineering during the middle 
decades of the 19th century, the outstanding industrial 
buildings to emerge were the massive engineering work
shops or foundries, erected to house the diverse range of 
machine and production tools by then necessary for the 
manufacture of bulk items, whether of a general nature or 
in the more specialised branches of locomotive building and 
marine engineering. 

Both in basic design and the structural use of materials, 
they tended to have a certain family resemblance and a 
common evolutionary pattern. The two main elements were 
a machine-hall or erecting-shop, spacious enough for 
manoeuvring and lifting heavy pieces of machinery in the 
course of assembly, and an adjacent multi-storeyed area for 
accommodating ancillary services such as moulding and 
pattern-making. Prerequisites of the machine-halls were an 
adequate unobstructed floor-area and height, with direct 
access to the multi-storeyed part, which took the form of an 
extension at one end, or a number of galleried aisles 
flanking or entirely surrounding the central space. To 
obtain a maximum clear floor-area, wide spans with as few 
point-supports as possible became the rule, and various 
ingenious methods of beam- and floor-suspension were 
devised towards this end. 

Allied to an improved building technology, more 
spacious working-areas were progressively attained as new 
materials and constructional techniques became available. 
Traditional stonework tended to be replaced by brick, and 
load-bearing walls, strengthened by piers and pilasters , 
were used essentially as a shell to contain an internal frame 
composed of iron and timber. The latter, usually of Baltic 

115 
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fir, or pine, was used on a prodigal scale for roofs and for 
double-floor construction, composed of main beams and 
secondary joists. Principal timber members could be as 
much as 14in (356 mm) square in section and common 
floor-boards up to 2 y.. in (57 mm) in thickness. Main 
internal supports consisted of cast-iron stanchions, com
monly of a heavy boxed I-section, with a pierced web; 
anchored to bed-plates on pad foundations, they were 
monolithic throughout and stepped back at the upper stage 
to accommodate a gantry-beam. Minor components, such 
as beam and roof brackets are also of cast iron, while 
tie-rods and similar tension members were of wrought iron; 
the use of cast iron was also extended to door surrounds (as 
in the Carron example) and window frames. 

For lifting-purposes the larger shops were equipped with 
a travelling crane running on a gantry across the upper stage 
of the main stanchions, and for more localised lifting, 
jib-cranes were attached to the stanchions, describing 
intersecting arcs over most of the floor-area . Externally, 
universal features were the commodious arched dispatch 
doorways, and the buildings in general evinced varying 
degrees of refinement such as pilastered wall surfaces and 
dressed stonework, though the prestigious neo-Egyptian 
fac;ade of the Randolph and Elder Works, Glasgow, was an 
outstanding exception . Few such concessions, however, 
applied to the internal structure, whose frank expression of 
strength and stability was consistent with the heavy 
concuss ions and moving loads which the buildings had to 
withstand. The five selected examples briefly described 
below are amplified in th~ accompanying drawings. 

116 

Engineering-shop 
Carron Ironworks, Stirlingshire 

Central, Falkirk 

NS 880825 

# 1960 

This building,12 distinguished for the range and quality of 
its castings, was part of the vast Carron complex and dates 
from the first half of the 19th century. Its 2ft-thick (0'61 m) 
external brick walls supported king-post roof-trusses 
spanning 40ft (I2'19m), the latter being used to carry a 
loft-floor and a suspended floor over the machine-hall, 
which occupied the w portion of the building. The floor 
hung from extensions of the king-posts secured to strap
binders and stirrup connections; the cross-beams were 
clamped between heavy 4 ft 6 in (1 '37 m) castings which 
contained sockets to carry a double row of longitudinal 
beams, all contained within a structural floor-thickness of 
12in (0'31 m) . For extra strength at mid-span, the 12in-deep 
(0'31 m) roof-ties carrying the suspended floor were 
designed as trussed beams, the latter having pairs of 
I Y2 in-diameter (38 mm) tension-rods slung underneath in 
cradle-castings, post-tensioned at the ends by means of 
screw bolts held in iron shoes. The machine-hall was 
equipped with two post-cranes fixed at the centre of the 
penultimate end-bays. 

C 
Engineering-shop , Carron Ironworks, Stirlingshire 

A. roof-structure over machine hall 
B. trussed beam and pendant post 

A C. suspension point for floor above machine hall 

B 

116 A 

116C 
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Randolph and Elder Engineering Works, Centre Street, Glasgow; interior of central machine hall from w 

Randolph and Elder Engineering Works 
Centre Street, Glasgow 

Strathclyde, City of Glasgow 

NS 584646 

# 1969 

Built on a vast scale to the design of the industrial architect 
William Spence between 1858 and 1860, this building was 
commissioned by the engineers after whom it was named for 
the purpose of manufacturing their patent compound 
marine engines. Its construction probably demonstrates the 
rational limits to which timber could be exploited in 
association with iron for erecting specialised buildings of 
this type. 

Basically, it consisted of two 50ft-wide (l5·24m) 
machine-halls, flanked by open galleries, extended at the E 

end into a multi-storeyed range. Within the machine-halls, 
which were open to the roof-structure, stability of the 
internal frame depended on four 8 ft-square (2'44 m) 
corner-piers and intervening stanchions, plus the binding
effect of the five-baulk gantry-beam traversing their upper 
stage. The stanchions, generously spaced at 38 ft (11'58 m) 

118 

centres in the w hall and rather less in the central hall, were 
of open boxed I-section with web-flange dimensions of 38 in 120 (J,K) 

(0'96 m) by 18in (0'46m) at base, tapering to a flange-head 121 (A) 

of 12in (0'31 m); they rose to an O\o~rall height of 44ft 9in 
(13 '64 m) and broke back at the upper stage to accommo-
date the gantry. 

The latter, as well as carrying the travelling cranes, had 
the important function of providing a two-point intermedi-
ate support-system for the roof-structure and the suspended 
galleries. Details of the elaborate castings and binding
straps for the secondary supports are shown on the drawing, 120 

as also are those for the strainer-truss at the main crossing. li S 

The roof-trusses, spaced at 10 ft (3'05 m) centres, were 
designed in the manner of girders, with upper and lower 
booms, tensioned by I Y. in (32 mm) tie-rods and strength-
ened at all major joints by castings. The show-piece 
frontage encompassing the w machine-hall incorporated 
two massive dispatch doorways, each having a total 
access-area 32 ft (9'75 m) high by 30 ft (9'14 m) wide. 
Attributes of the pseudo-Egyptian style were the rusticated 12 1 B 

wall surfaces, the raked pilaster profiles and a bold gorge 
cornice beneath the parapet. 
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Randolph and Elder Engineering Works, Centre Street, Glasgow 
A. design drawings of stanchion, 1868 
B. principal frontage from sw 
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C 
Linthouse Engine Works, Govan , Glasgow 

C. interior of machine hall from w 

Linthouse Engine Works 
Govan, Glasgow 

Strathclyde, City of Glasgow 

NS 540660 

][ 1980 

Completed in 1872, this engine-shop formed part of the 
35-acre (14 ha) shipbuilding yard of Alexander Step hen and 
Sons established three years previously on the country estate 
of Linthouse, s of the River Clyde. 13 Subsequently modi
fied, and by 1980 the only workshop of the complex not 
dismantled, it consisted of two parallel machine-halls with 

121 c clear spans of 53 ft (16,15 m) and an original estimated 
length of 240 ft (73 m) subdivided into 20 ft (6'10m) bays by 

122 stanchions and terminal brick piers. They were flanked by 
33ft-wide (10,06 m) aisles containing lofts covered by a 
continuation of the main roof slopes, and the s side also had 

a second aisle of similar width . Apart from the use of 
malleable iron plate-girders for the gantries the structural 
techniques show no advance on those employed in the 
previous examples . The I-section stanchions, each said to 123 

weigh 6 tons (6,1 tonnes), had web-flange dimensions of 
36in (0,91 m) by l8in (0,46 m). Specific points were the 
integral castings for the brackets carrying the gantry, the 
tier of twin binding-beams, and the different treatment of 
the centre and flanking rows of stanchions at gantry level. A 
novel feature was the mid-point support between stanchions 
for the roof structure, achieved by a combination of 
coupled beams and a centre-post held in suspension by 124 A 

tie-rods , slung between the stanchions to connect with a 
stirrup and cross-beam. Bracket jib-cranes with wooden 124 B 

booms were fixed to alternate stanchions in both machine-
halls and aisles . 
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Linthouse Engine Work s, Govan, Glasgow 
A. intermediate suspension point 
B. brac ket jib-crane 

Fairfield Shipbuilding Yard and Engine Works, Govan , Glasgow 
C. machine hall, gant ry and roof 

124 

A 

B 

Fairfield Shipbuilding Yard and Engine Works NS 548660 
Govan, Glasgow 

Strathclyde, City of Glasgow • 1980 

After setting up a shipbuilding yard in 1863, Randolph and 
Elder eventually abandoned their old works in Centre Street 
in favour of an immense new engine-works at the Govan 
yard. Erected in accordance with drawings dated 1869 by 126 

Angus Kennedy, the building represents a rational step 
forward both in the scale of its layout and in structural 
design . Occupying the considerable area of 296ft 6in 
(90'4 m) by 294 ft (89'6 m), it is divided into four machine-
halls running Nand s and interspersed by three side-aisles, 
respectively 49ft 9in (l5·16m) and 27ft 6in (8'38m) wide . 
The internal frames, divided into nine bays by cast-iron 
stanchions spaced at 39 ft (11'89 m) centres, are contained 
within a stout curtain wall of brick , treated with restrained 
classical fa~ades and large dispatch doorways . The boxed 
I-section stanchions have web-flange dimensions of 28 in 127 

(0'71 m) by 18in (0'46 m), narrowing to 12in (0'31 m) at the 
flange head, and incorporate the usual bearing-point for 
supporting the gantry-beam-an iron plate-girder 126 B 

measuring 48in (l'22m) by 18in (0'46m) in section. The 
construction departs markedly from the previous examples 
in the use of a two-stage framework composed of boxed 
girders and bracing-struts for stiffening the stanchions. A 

c third stage is repeated in timber to support the hall and aisle 
roofs, which intersect with a transverse roof at each end 124 C 

strengthened by a series of girder-trusses. The four 
machine-halls served respectively as the fitting shop, 
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Fairfield Shipbuilding Yard and Engine Works, Govan , Glasgow; 
design drawings, 1869 

A, pan elevation 
B, gantry girder 

turning shop, machine shop and boiler shop, and among the 
numerous uses served by the gallery floors was that of a 
school for apprentices. 

Although the building was subsequently extended at its W 

end, thereby augmenting further the amount of covered 
space available for normal engineering duties, many of the 

126 

A 

I' •.• ~ 

B 

activities connected with the shipbuilding industry were 
necessarily conducted out of doors or in single-storey sheds 
with open sides. An impression of the wide range of 
facilities and the vast scale on which a Clydeside shipyard 
operated in its prime may be obtained from the contem- 128 A 

porary illustration of Fairfield in 1890. 



rA-R.T VI(W OF jALLE.RY AISLE. i. MA-CHI N E. HhLL 

b(l!tt«~~blt 
hrldMjomt 

1M=.!t01;;:~~nl»(iT 
,,,.~ 10 · ,nus -plittf 

A 
R OO F TRIA SS 
J)[TA I L-S 

STANCHIO N 

Fairfield Shipbui lding Yard and Engine Works, Govan, Glasgow; structural details 

9ANTRY
STAgE" 
STRIA., 

127 



METALLURGY AND ENGINEERING 

B 

c o 

128 

Fair\field Shipbuilding Yard and 
Eng ne Works, Govan, Glasgow 

A. general view of works 
and shipyard , 1890 

B. key diagram to principal 
buildings and features 
A. office-block 
B. drawing-offices 
c . horse-drawn wagons 
D. electrical workshop 
E. metal stock-yard 
F. old boiler-shop 
G. old engine-works 
H. engine test-bed 
!. timber-yard 
1. old pattern-shop 
K. timber-racks 
1. joiner shops 
M. plumber shops 

A 

N. cargo and passenger vessel 
o. stabling-yard 
P. liner 
Q. wet-basin 
R. steelworks sheds 
s. shipbuilding berths 
T. cargo vessels 
u. paddle-boat 

C . detail of roof-braces 
and girder-trusses 

D. detail of gantry girder 
and suppo rt system 
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Foundry 
Rose Street, Inverness 

Highland, Inverness 

NH 665456 

1981 

This late example is included to represent the countless 
smaller foundries once active in virtually every town and 
city in Scotland for serving the engineering trade, notwith-
standing Glasgow's pre-eminence. Built in 1895, it was an 
extension of the Northern Implement Foundry Company, 
which was established in March 1872, with a labour force of 
twenty, to manufacture agricultural implements. The firm 
then rapidly expanded under the name of the Rose Street 
Engineering Foundry Company to meet the demands of the 
Highland Railway for rail- and locomotive-castings and for 
bridges. Subsequently, during the two World Wars, it 
became famous alike for the production of marine engines 
and boom-defence equipment, and for its specialised 
welding-techniques. Planned on an irregular site averaging 
190 ft (58 m) by 95 ft (29 m) in area and covered with timber 
roofs, it consists of a 30 ft-wide (9'14 m) central machine-

129 A hall equipped with gantry, and a gallery of similar width 
enclosing it on three sides with the upper storey supported at 
mid-span by a row of circular cast-iron columns. According 

/30 A to the design drawings, endorsed by Inverness architects 
Ross and MacBeth and dated 1894, the three-arched and 

130 B gabled stone frontage, as built, was modified to contain a 
semicircular window in each of the gables. Internally, the 
main point of structural interest is the rejection of the 

129 B conventional monolithic stanchion in favour of a U-section 
casting, built up in two stages-although with the modest 
overall height of 21 ft (6·40m). They are bolted together at 
the head of the stouter 8 ft-high (2'44 m) lower section by 
means of an intervening sleeve-casting through which runs a 
rolled steel stiffening beam. 
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5 ENGINES AND MACHINES 

Engines and machines, which are probably the most 
vulnerable of all industrial artefacts, constitute an essential 
element in the function of virtually every form of traditional 
industry. Some, such as the horse-engine and water-mill 

5,9 machinery, have already been described, while others are 
11,13 discussed briefly where they affect building-design and 

industrial processes. The following case studies, however, 
have been chosen as representatives of their class, or 
because of their rarity or significance in the field of 
engineering technology; at the time of survey they were 
among the relatively few examples to remain in situ, some as 
working units. 

Beam-engine 
Garlogie, Aberdeenshire 

Grampian, Gordon 

NJ 782055 

• * 1980 

Mills for the spinning of wool, together with a small 
industrial community, were well established at Garlogie by 64 

1843 under the ownership of Alexander Hadden & Son of 
Aberdeen. Evidently steam-power was then being used to 
augment the water-powered machinery , and latterly the 
engine was superseded by a water-turbine. It ceased to 
operate in 1904, when the mills were closed and afterwards 

Beam·engine , Garlogie, Aberdeenshire; beam and parallel motion 

131 



ENGINES AND MACHINES 

MAIN STR.ICTURAl., fE.ATuRES 

a eMwb~e 
b CQ/-wn'Wv 
c ~~ beMr\-s u WOSS bffi'n11" 
cl gov<>rrwr ervt:M1~e 
e V1¥t-WO'W b~fVp~s 
F ~/ bol-f;,s 

iJ ~/ byif,K bewrimJ waM-s 

PR IN CIPAL WORKIN':; CO MPONE.NTS 

k 
""""'"'~" 

J <'lM' .J"""M11 
B ~vl'VWe * K ANY f"W'1:':f wMte cUsffiMr3e 
C vwwe ~fws.t L- retlM'l1/ lW1;-fmi to b~ 
1:> V'1~r M boVtwmd.; 1*"'1 
L reJ,Wf v",we N bewnv or .9'I"Q<W wver 
F s W1w1v fXhl\us t ", 0 y<'VrwfM,~ m<J~ 

9 O1)~Mey P p~y-ocJ., 

H- wUtwMWfrew et etM-- pwmp rod.; 
r rwn,-nm-ww vltwe * R freW fwmr rod" 

3 ; 10 11 12. 

J ' axon~met~j( 

s w~rod-
-r CYMV1<.. 

U (iY~ s~ & ffi:ewWif 
V ecc~~ row 

W sUMVMve~e 
X gwerrwr/ t1wow..e VwWf ~e 
y fi1j - IV Me1, "bM!W:3-r~ 
Z {;Q. owt'11 o,wli. b ervr-~ 

'" M>«MS mMS~ or ~~Iue 

'" 
Beam-engine, Garlogie , 
Aberdeenshire; 
axonomet ric drawi ng 

partly demolished . All that now survives is the masonry
built engine-house and adjacent parts of the buildings. 

The cylinder, fitted with an integral valve-chest, has a 50 in 
(1 '27m) stroke and an estimated 16in- 18in (c. 430mm) 
bore. Other principal features are as follows: the cast-iron 13 1 

beam, 16ft 3in (4'95m) between the centres, with its 
connecting-rod and parallel motion for the piston-rod; 134 

linkages for the air pump and feed pump; and the main 
drive-shaft which turns a 16 ft-diameter (4'88 m) flywheel 
and engages with a centrifugal governor and an eccentric by 

The engine, although derelict , is virtually intact and 
135 enjoys the distinction of being the only Scottish example of 

its type to remain in situ. Compactly arranged within an 
area of 34 ft 6 in (10'52 m) by 8 ft 6 in (2'60 m), the engine is a 
house-built rotative beam-engine of medium size, with a 
double-acting cylinder, separate condenser and air pump. 
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dates from the late 1830s, it may possibly be ascribed to 
Mitchell & Neilson of Glasgow, whose known engines had 
similar design features. 
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Beam-engine, Gariogie , Aberdeenshire 
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Water-powered Beam-engine 
Wanlockhead, Dumfriesshire 

Dumfries and Galloway, Nithsdale 

NS 870131 

** 1970, 1983 

Situated at the N end of the old lead-mining village of 
154 B Wanlockhead, this engine stands above a disused mine

shaft on what was part of the Straitsteps Mine. It probably 
dates from about the last quarter of the 19th century and is 
believed to have served as an auxiliary pump for draining 
water from abandoned workings to the s. Technically 
defined as a water-bucket pumping-engine, its motive 
power was supplied by the weight of water fed into a 
box-like bucket at one end of the beam, which worked on a 
centre and carried the pumping-apparatus at the other; at 
the bottom of each stroke the water was discharged from 
the bucket through a sluice or flap-valve, thereby trans
mitting the primary load to the far end of the beam and 
causing it to move up and down alternately. An earlier 
engine, evidently conforming to the same working
principles, was recorded in operation in the parish of 
Canonbie, Dumfriesshire, during the 1790s, and by that 
time similar engines were being used extensively on coal
and metal-mines in various parts of Britain.' Today, 

136 however, the engine at Wanlockhead is believed to be the 
only example of its type in Britain to remain virtually intact. 

The beam, which measures 27 ft 9 in (8'46 m) in length and 
/37-8 25 in (0'63 m) by 11 Y2 in (292 mm) in section, is made of two 

baulks of pitch-pine, strengthened by moulded wooden 
pad-plates at the ends and centre, and bound together by a 
combination of iron straps and tie-rods. Mounted on a 
13ft-high (3'96 m) dressed stone pillar, the beam is pivoted 
on a forged gudgeon-block set in cast-iron plummer-blocks 

136 

A 

and split-brass bearings. The plummer-blocks are secured 
to their mountings by long anchor-bolts extending through 
the masonry to the base of the pillar; the beam itself is 
locked on to the gudgeon-block by means of a lower 
clamp-plate whose soffit is shaped and recessed to fit round 
the seating. At the power end the bucket-rod is attached to a 
crosshead-slide which moved up and down on guide-rails 
held in a wooden steeple-frame; the slide in its turn is 
connected to the beam by two link-rods and a cross head
coupling. In general, the various iron forgings and castings 
are made to a high standard, and all the critical moving 
parts are held in brass bearings. 

No trace of the bucket remains, but the stone-lined pit 
into which it descended, measuring 5 ft (1'52 m) in depth and 
4ft (1'22m) by 2ft 3in (0'69m) in area, preserves its 
drainage outlet at the bottom, and also the iron-clad 
wooden rails for steadying the bucket when in motion. An 
8 in-diameter (203 mm) iron plate with raised rim, held 
loosely on the end of the bucket-rod by a large iron wedge, 
may have been part of the water-release valve mechanism 
attached to the bucket. Depending on the position of the 
bucket on the rod, the related lengths of the bucket-rod and 
steeple slide-rods (respectively 11 ft 2 in (3'40 m) and 10 ft 
(3'05 m) between centres) would allow an engine-stroke of 
approximately 7ft (2·13m). The other end of the beam 
overhangs the mine-shaft and carries the remains of a 
Sin-square (127mm) wooden pump-spear, which is con
nected to the beam by a shackle and crosshead-coupling. 

Water for working the engine was collected in a cistern 
situated on the hillside above and then piped into the bucket 
at a level coinciding with the head of the stroke. On the 
evidence of a photograph taken c.1900, the engine was then 
in a state of disuse, but at that time it still retained a 
sheer-leg structure over the mine-shaft, used apparently in 
association with a nearby horse-gin for the handling of 
materials and pumping-apparatus. 

Water-powered beam-engine, 
Wanlockhead, Dumfriesshire 

A. view from N 

B. view from sw 



22 

r --- - ----- - ------, , , , ' 

i22 ~ 
L ______ ___________ l 

p/,(J;Yt X 
»oodm beam or levqr 

2 cel'Vtre pM-pLate 

3 re ",,/;re cLan';P -pi Me H rod> 

f li~YlftVr,g straps 
S beam -cen/J11' ~ plMmmer bLock. 

0 mason r!1 piLklr 

7 md.pa.d-pla,tI>, 

~ md bin.dlng .Itn;lps 

9 stfJep.e rrame 
Hl shol1' wgs 
l! sieeper bM/l.s 
12. ctrl.9Lr stmpS 
13 cross head villtk~< 
If cross/wad. sl~de 

15 sli4r-rocio 
16 Vu,cket - roe(. t, 'vawf'pki1;t? 

17 9lo,de -mHs 
1 g bwck.er-pLt 

19 owtLec to uvwerC 
20 pwmp-roc(. crossi1,e<U:/, 

21 wooden plomp spea,r 
22- rrWne-sftr:vft;' 

I 
L-1 
X 

17 

,/10 18 

/1 

-A 
X 

"'!lI'llt'II'i~1 

"""'1 >"1 

v i.e w from SO'Wt11 

el eva,c'ion. ~ ,ecUon 

aLo"':9 YY 

c I 

I .\~ 

: -t!-L..L-J,l.-'-.L, .,J, 1-L-'-,J,LP--,c--T5--2+F--r_---r---.)-t-~--Tlb--r---+4-1° 

Waler-powered beam-engine, Wanloc khead, Dumfriesshire 

137 



PIAMP-ROD 
CROSSH EAD 

3~" 

t + J" 

woodRn 
pwmy-spmr 

I 

hI/x 1~"tn. top-damps-

xzx,"sq. 

PUMP-ROD DETAILS) 

8-'" 

~ 
CROSS HEAD 

SLIDE..\-.. 

1I ·)(b~tim1"r 

steeple-frame 

- 1 

b~ Hdia. 

x2J.i" 

2 'l ~.( I~f 

!,m ( - r-oas 

2")l.d;." 

- f I' 

4U,(5~difl 3'\tia . 

soLid 
"mos 

[j] bushes 

ii , 

-cl 

~ tl ~ 
" .;; 

~ 

'" N 

- 14Jl"!C41z" ~ - (() poso'plat:R 

~ 
N 

" ::'~ 

!;; 
~ 
~ 
E 

~ 
" 
'" 

J" !h..wood 
pa4-plf1t;p 

e 

LI NKA9E. 

CROSSHEAD ) 

~B'z" 40" 

11" 

i ~ 

+5"-\ 

'· 2"x?tS" 
beeJ,t"011 stmp 

+ gMJ &col?Wr 

31t-" 
2%j."xts~ 

beM~l1g-5t;mp 

r 9~11 6wtctr-

CROSS - SLID E. 
BEARI N3 

l 
__ wf!lge 

9"d«), vaMIe (?J plaa 

-tUx 14" t--r"on -c f.a.d, gutdes 

CROSS HEAD SLIDE:' g Dt+ 

£- B(;ICKET- ROD DETAILS 
253:.." 

SeGtwn at Z, 

BEAtvf-CE.NTRE. f

gUDg E. ON DETAILS ft-I " ,,'" "",' 2 , .,. 5 , , 

Water-powered beam-engine , Wanlock head , Dumfriesshire; mechanical details 

138 



/ 54 A 

/40 B 

/4/ B.C 

Cornish Beam Pumping Engine 
Prestongrange, East Lothian 

Lothian, East Lothian 

NT 373736 

• * 1981 

Now preserved as an industrial monument, this giant 
beam-engine at the former Prestongrange colliery is a 
worthy tribute in Scotland to its builders, the famous 
engineering firm of Harvey & Co., of Hayle, Cornwall. 
Built in 1874 to pump water from a depth of 800ft (244 m), 
it is a single-acting non-rotative beam-engine of a type once 
extensively used for draining mines in Britain, but notably 
in Cornwall, where the majority were manufactured. In 
common with other Cornish engines, its distinctive feature 
is the nature of the cycle, which in essence uses high
pressure steam, controlled by a system of cut-off levers and 
valves, in such a way as to give a high degree of economy. 

Cornish Beam Pumping Engi ne, 
PreslOngrange, East Lothian; 
engine· house from NE 

ENGINES AND MACHINES 

The engine forms an integral part of the engine-house, 
and the massive cast-iron beam, which weighs approxi
mately 30 tons (30'38 tonnes), must presumably have been 
raised to its height of 27 ft (8 '23 m) by means of jacks as the 
work proceeded, or winched into position subsequently on 
timber shoresY The beam is 33 ft (10'06 m) long and 6 ft 4 in 
(1'93 m) deep at the centre, with the fulcrum located 
eccentrically at a point 18ft (5'49m) from the steam end, 
giving the latter a stroke of 12 ft (3'66 m) and the pump-rams 
one of 10 ft (3'05 m). The engine was equipped with a steam 
cylinder of 70 in (1'78 m) diameter and developed a normal 
working speed of three and a half strokes per minute and a 
water-pumping capacity of 650 gallons (2,955 litres) per 
minute . It was modified in 1895 to work larger shaft-pumps 
with rods of 23 in-square (0'58 m) Oregon pine, for which 
purpose an ingenious overhead strengthening truss had to 
be contrived on the beam. The engine continued to be fully 
operational until 1954 and is the centre-piece of a historical 
site devoted to the Scottish coal industry. 
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Pumping Engine, 
Cornish Beam East Lothian 
Prestongrange, drawing 

A sectIOnal I Board, 1980) 
. (National Coa E doorway 

date panel over B. 
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Cornish Beam Pumping Engine, 
Prestongrange, East Lothian 

A. steam end of beam 
B. steam cylinder and cut-off 

va lves from above 
C. from below 
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Horizontal Tandem Compound Engine 
South Dudhope lute Works, Dundee 

Tayside, City of Dundee 

B 

NO 3930 

# 1967 

This steam-engine of advanced design initially worked 154 
looms and four dressing-machines in the works of 
Alexander Henderson & Sons, Dundee. 

A plate on the engine bore the ma ker 's name , lames 
Carmichael & Coy Limited, Engi neers, Ward Foundry, 

142 

ARC .f"OUNDR 

tIDlill rID mal 
18 99 

Horizontal Tandem Compound Engine, 
South Dudhope Jute Works, Dundee 

A. general view 
B. safety cut·ou t valve 
C. makers' name-plate 

A 

C 

Dundee, and the date 1899. Of a type popular in textile mills 
because of its narrow layout, the engine had its high- and 
low-pressure cylinders arranged in line and linked by a rigid 143 A 

piston-rod producing a 36 in (0'91 m) stroke. A Corliss 
rocking-valve, controlled by a Watt-type governor, regu-
lated the speed of the engine very accurately, and it was 
equipped with a Tate patent safety cut-out. The flywheel 142 B 

measured 14 ft 3 in (4'34 m) in diameter and had a six-rope 
drive to the machinery. The engine also powered a Lowdon 143 B,C 

generator for supplying the factory with electricity and 
continued in operation until 1966. A year later it was 
dismantled for scrap . 



C 

B 

Horizont al Tandem Compound Engine. 
South Dudhope Jute Works. Dundee 

A . cylinders and cut-out valve 
B. generator 
C. makers' name-plate 
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Textile Machinery 
Bridgend, Islay 

Strathclyde, Argyll and Bute 

NR352632 

1979 

This water-powered woollen mill, which has already been 
71·5 described in general terms in Section 3 above, contains three 

specific pieces of machinery of rare and, in one instance, 
unique technological interest.3 Of these, the Piecing 
Machine is believed to be one of only three specimens to 
survive in Britain, the Slubbing Billy may now be the only 
one left of its kind, and the two Spinning Jennies may have 
no more than three counterparts elsewhere in the country. 
Moreover, all this machinery has the added distinction of 
being in situ, and virtually still in working order. 

Piecing Machine 
Wool delivered by the early machines was in the form of 
long separate strips , and the function of the piecing machine 
was to join them into continuous lengths before they could 
be spun. In Britain its adoption in the woollen mills from 
about the middle of the 19th century obviated the need for 
this operation to be done by hand, usually by children. It 
was gradually superseded by the condenser, which removed 
the wool from the carder in a continuous form, but, as 
evidenced by the machine in this particular mill, its use is 
known to have continued in remote areas of Britain until 

74 A well into the 20th century. Technically, however, the piecing 
144 machine remained an indispensable extension of the carding 

machine while the wool was produced in short lengths. 
After being processed in the carding machine, the wool 

146 was finally passed through a space doffer (a revolving drum 
clothed intermittently with wire sheeting) which, in con
junction with a smoothing-roller formed the wool into loose 
fibrous strips extending the full width of the frame; these in 
turn were removed by an oscillating crank-comb and then 
rolled to improve their strength between a rowler-bowl and 
former (a revolving drum with a shell-casing round its lower 
part). Known then as cardings, or rowans in Scotland, the 
separate strips of wool were cast on to the piecing machine 
by means of a revolving tumbler or cowper. The rowans 
were received in V-shaped trays which travelled slowly 
forward in the form of an endless lattice until ten of them 
each contained a rowan . An automatic trip-mechanism, 

146 (A) operated by a pawl-lever, caused the trays to be tilted 
simultaneously at a certain point, after which they righted 
themselves automatically and returned to the tumbler end. 

From the trays the rowans were deposited on to a second 
146 (C) conveyor system, moving transversely to the first , in this 

case consisting of ten flexible leather belts equipped with 
thin metal fins to retain the strips of wool. At the delivery 
end the ten rowans were fed individually through a 
corresponding set of heavy press-rollers, which served to 
condense the rowans and to join them to the ends of the 
succeeding batch coming off the belts. The continuous 
strands, then known as rovings, were next fed through 
contiguous pairs of knurled twist-rollers, set at right angles 
to the press-rollers . Each roller was rotated in the same 

ENGINES AND MACHINES 

Woollen mill, Islay, Argyll: piecing machine; 
trip·mechanism 

direction by a string-drive so that their opposing peripheral 
actions imparted a slight twist to the material. 

Finally, after being drawn across a pair of rod-rollers on 
which were superimposed a series of short roller-weights to 
hold the material in tension, the rovings were turned on to a 
bobbin by means of a roller beneath . The latter turned the 
bobbin by friction drive, and a separate drive oscillated the 
bobbin sideways in order to assist the winding action . The 
actual piecing operation was managed by the succeeding 
batch of rowans being timed to fall automatically on to the 
ends of the first with a slight overlap, and since the ends 
were already tapered by the action of the carding machine , a 
type of scarf-joint resulted, which preserved a uniform 
thickness when formed in to a roving . 

A patent for this make of piecing machine was granted in 
1858 to 'Robert Archibald of Devon Vale, TiIIicoultry , in 
the County of Clackmannan'.4 The one here described is 
marked RT ARCHIBALD's PATENT DEVONVALE NO. 6, and the 147 B 

mark number suggests that it is one of a series incorporating 
subsequent improvements . It does, in fact, possess one 
important variation on the more normal pattern , in that its 
piecing action, comprising press-rollers and twist-rollers, 146 (C) 

dispenses with the leather rubbers (a pair of roller aprons 147 A 

which oscillated sideways to condense and piece the rowans) 
used in earlier models-for example, that preserved in the 
Science Museum, London . The precise date of the machine 
is open to conjecture , but its mark number and the fact that 
the mill was not built and fitted out with machinery until 
1883 may perhaps give an approximate indication. 
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Woollen mill , Islay, Argyll ; 
piecing machine 

A. piecing mechanism · 
B. maker 's name-p late 
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Woollen mill, Islay, Argyll; 
slubbing billy 

A . detail of standing frame and carriage 
B. power-drive mechanism 

ENGINES AND MACHINES 

Stubbing Billy 
After piecing, the rovings had to be passed through a 
slubbing billy before they could be spun on the jenny, and 73 A 

during this operation the wool fibres were drawn out, or 148 

drafted, into a leaner yarn. The machine consists of a 
standing frame 31 ft (9-45 m) long, and a wheeled carriage- 149 A 

frame running on rails. The standing frame holds the 
billy-rollers and also a row of nine ten-strand bobbins from 
the piecing machine, the resultant number of strands 
corresponding with a row of ninety spindles on the carriage. 
To set up the machine, the individual strands, or slubbings, 
on the standing frame were passed through wire spacer
guides and a clasp, or locking-bar. The latter consists of a 
wooden rail running the full length of the frame, grooved 
on its underside to interlock with a similarly grooved 
bed-plate. Then on the carriage the strands were led over a 
false-wire, and under a faller-wire, and finally their ends 
were attached to spools set on spindles. 

In working action the bobbins were frictionally turned at 
slow speed by the line of billy-rollers beneath, while the 
spindles on the carriage were revolved at high speed by 
pulleys attached by string-drives to another line of rollers-
all powered from the far end. The carriage, however, was 149 B 
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drawn back manually, aided by a system of stabilising ropes 
and pulleys at noor level to keep the two frames parallel. 
When in operation, the strands were slowly fed from the 
bobbins and through the lock, while their stretch or tension 
was maintained by drawing back the carriage. The purpose 
of the lock, which was controlled manually by a lever, was 
to regulate the amount of draft, and thus the thickness of 
the yarn being spun. So when the lock was clamped down 
and the carriage continued to be drawn back, the drafting 
and twisting process was limited to the amount of yarn 
extending between the lock and spool. The false-wire and 
faller-wires on the carriage-frame served respectively to 
tension the strands and to guide them on to the spools 
during the winding operation. 

150 

B 

A 

Woollen mill, Islay. Argyll; 
spinning jenny (I02-spindle) 

A. detail of standing frame and carriage 
B. general view 
C. detail of weight s and roller-shaft 

Spinning Jennies 

c 

The two spinning jennies, one of 102 spindles and the other 
of 118 spindles, were similar in design and operation to the 150 

slubbing billy, except that, being purely for spinning, the 
locking device was not necessary for the initial drafting of 
the yarn. The yarn was spun progressively finer by being 
transferred from one row of spools on the standing frame 
set on fixed wooden skewers, to a corresponding row on the 
carriage, set on fast-revolving spindles. The draft in this 
case was controlled by passing the yarn through a row of 
weighted rollers, acting on a knurled rod-roller which was 
intermittently driven. 
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Beetling Machines 
Larkhall, Lanarkshire 

Strathclyde, Clydesdale 

NS753510 

# 1980 

Although comparatively late examples, these four beetling 
machines were among the few to survive in Scotland before 
being dismantled in 1981. They were part of the A vonbank 
Bleach & Dye Works, situated on the sw outskirts of 
Larkhall, and owned by D C Miller & Company. The firm 
imported cotton cloth off the loom from Lancashire and, 
after bleaching and dyeing it on the premises, specialised in 
the manufacture of cotton roller blinds with a unique finish 
widely known as 'Scotch Holland'. The latter had a 
distinctive patterned watermark and a hard dust-repellent 
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sheen to its surface which was achieved by using the beetling 
machine. The preliminary process consisted of singeing the 
cloth to remove hair and fluff, washing, bleaching or dyeing 
it, followed by sizing and drying. 

Basically, each machine consisted of twin rotating rollers 
(A) mounted on a cast-iron A-frame at each end (B), and 
above these were another pair of rollers (C) which provided 
the lifting action for the rams, or beetles (D), pounding the 
cloth. The lower, or cloth rollers operated independently so 
that each side of the machine processed a separate length of 
cloth. They rotated slowly and at the same time moved back 
and forth a short distance on their axis in order to ensure 
that the surface of the cloth was treated uniformly. The 
upper rollers, or wiper beams, were encircled by a broad 
spiral of large cogs, or lifters (E), which in the course of 
rotation raised the beetles consecutively by striking a wedge 
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fixed through their shafts (F). Made of 3 V:z in-square 
(89mm) beech, with rounded edges on their striking end, 
the row of thirty-six beetles on each side was lifted and 
allowed to fall individually during the working process; but 
when not in action the entire row could be suspended clear 
of the cylinder by means of a lifting bar (0) operated by an 
overhead chain and lever (H). Similarly, when the machine 
was at rest, individual beetles could be supported on a 
stowing bar (1) by means of projecting angle-hooks, or pins. 
The finished cloth was wound off between two free rollers 
(1) and folded into bales, mounted on a boarded platform 

NOTES 

n.1 Stat. Acct., 14 (1790), 415 . See also Downs-Rose, G and Harvey, 
W S, in Industrial Archaeology, 10, (1973), 137-47; 15 (1980), 
16-19, and refs to Wanlockhead cited in Section 6 below. 

n.2 The latter method was employed at the Ryhope Pumping Station, 
Co. Durham. See Hudson, K, World Industrial Archaeology 
(1979), illustration 195. 

n.3 Inventory of Argyll,S, No. 440. This account is based on 
technical information kindly supplied by Mr W B Christie, Mr J B 
Hill, Dr K R Gilbert and Dr J A !redale. See also Iredale, J A, in 
Industrial Archaeology, 4, (1967), 51-6. 

n.4 Letters Patent, AD 1858-, No. 73, filed in the Great Seal Patent 
Office on 16 July 1858. 
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running on rails (K) beneath the frame. 
The four machines were linked to a common drive 152 

traversing one end, and a system of clutch-gearing allowed 
them to work independently. The cloth-rollers worked off 
spur-gearing, engaged by a lever (L), which was combined 
with a form of helical gearing for transmitting the 
oscillating action. They could also be connected manually 
to an auxiliary friction-drive by means of a screw-rod and 
lever (M and N). In addition, the speed of the wiper-beams, 
and hence the action of the beetles, could be accelerated by 
engaging them with a rapid-drive mechanism. 

Beetling machines, 
Larkhall, Lanarkshire 
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6 EXTRACTIVE, CHEMICAL AND 
RELATED INDUSTRIES 

Coal has long been the major fue l of industrial Scotland, 
and groups of coalfields in the Midland Valley of central 
Scotland have at different times supplied the needs of an 
enormously wide range of industries. Notwithstanding the 
crucial historical importance of the Scottish coal industry, 
however, many aspects of its archaeo logy and upstanding 

A. Coal-b ing, Gi lmerton, Edinburgh 
B. Lady Victoria Colli ery. NewlOngrange . Midlolhian 

physical remains are still comparatively unrecorded. For its 153 A 

part, this Commission can claim to have done little more 
than touch upon the subject : old coal-workings were noted 
in the course of surveys in Stirlingshire and Peeblesshire, I 
whilst, more recently, photographic records have been 
made of the Lady Victoria Colliery, Newtongrange, 15.1 B 
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Midlothian (1890-4; NT 333637) and of the relatively 
modern Cardowan Colliery (J 924-83; NS 566683), the last 
operational deep mine in Lanarkshire . However, particular 
attention has been paid to the monumental show-piece of 

139·41 the industry , the great pumping-engine and engine-house at 
154 A the former Preston grange Colliery in East Lothian.2' 

The manufacture of marine salt was closely related to 
163·4 coal-mining activities, most notably on the Ayrshire coast 

and around the shores of the Forth Estuary ,3' After the 

B. Lead· min es, Wa nl ock head , Dum friess hire; view by ?Cler k o f Eldin, c. 1775 

154 

middle of the 18th century the lime-burning industry, like 
coke-smelted iron, also began to consume coal at a lavish I~O/ · ~ 

rate . The main centres of the industry were in the Lothians 
and Fife , where workable coal and limestone deposits 
coincided, and where there was a heavy demand for lime for 
improved agricult ural , building and industrial purposes. 4 

But throughout the country there were localised outcrops of 
limestone worked on a commercial basis in the later 18th 
and 19th centuries , and in the west Highlands, for example, 

A. Presto ngra nge 
Colliery, 
East Lothi an, 
c. 1910 



the Commission has recorded the remains of fairly extensive 
workings on the island of Lismore, at one time an important 
centre of lime production for the surrounding seaboard 
region . 5 

Coal and black band ironstone, made usable after 1828 by 
Neilson 's 'hot-blast' smelting-process, were the great twin 
mineral bases of 19th-century Scottish industry. But, 
perhaps as a by-product of early searches for gold and 
silver, lead was one of the most anciently known of 
Scotland's mineral resources , even though most surviving 
remains of the lead-mining industry date from the 18th and 
19th centuries . The evidence for the extensive lead-workings 
around Strontian, and to a lesser extent in Gleann Dubh , 
Morvern , and on the island of Islay, has been fully 
described in the course of the Commission's Argyll survey.6 
The most substantial remains of lead-mining and lead
smelting activities in Scotland are, however, to be found in 

15-1 B and around the villages of Wanlockhead and Leadhills, 
tucked away in the Lowther Hills on the Dumfriesshire-

Slaie-quarr ies, 
Ballachulish, Argy ll ; 
Easi Laroeh quarry 
from SE 
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Lanarkshire border, and the water-bucket pumping-engine 
at Wanlockhead, described in the previous section, is 136·8 

undoubtedly the most interesting mechanical relic associ-
ated with the industry in Scotland. 7 

An abundance of stone has always been one of Scotland's 
great natural assets, and in some parts of the country the 
quarrying of building-stone assumed vast industrial pro
portions in the 18th and 19th centuries. Although the 
Commission has recorded none of the major sandstone, 
granite and flagstone quarries out of which modern 
Scotland has been built, numerous old quarry-workings 
have been described in the course of the county surveys, and 
particular importance attaches to those sites in, for 
example, Roxburghshire and Argyll, from which medIeval 
building-stone is likely to have been derived. 8 Parts of the 
Argyll seaboard and its offshore islands constitute the 
historic centre of the Scottish slate industry, and the 
extensive remains of the principal slate-quarries at Ball- 155 

achulish and Easdale have been described in detail, while 156 A 
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A 

156 

the later workings that dominate the remarkable little slate 
island of Belnahua (NM 7112) have a lso been examined and 
noted .9 Evidence of small-scale marble workings has been 
encountered in Argy ll , and the main quarry on Iona 
(NM 268217) still retains a gas engine and cutting-frame. 10 156 B.C 

Argyll and Stirlingshire are also among the areas where the 
specialised activity of millstone-quarrying is known to have 156 D 

been pursued, often attested in the shape of incomplete 
stones wrought from outcrops of rock considered suitable 
for the purpose. 11 

Clayworks and the fireclay industry, though not long 
established, were, as a review of the industry by the SIAS 
has shown, more widespread and important in the 19th 
century than is generally thought. The demand for field 

B 

D 

A. Slate-q uarr ies and 
workers' d wellings, 
Easdale, Argyll 

B, C. Marble-quarry, 
Io na , Argyll ; view from 
N and CUlling-frame 

D. Millstone-quarry, 
Barrnacarry , Argyll 

C 



drainage-tiles, a by-product of agricultural improvement, 
gave further impetus to the smaller establishments in 
outlying rural areas, of which the brick- and tile-works at 

167·70 Blackpots was an outstanding vernacular specimen. 
17/·4 Although Scottish potteries made limited use of local clays, 

especially as a means of production, close proximity to the 
coalfields and transport-routes of central Scotland was the 
main requirement of this industry; the crucial factor was 
that some fifteen tons of coal were usually required to make 

172 one ton of pottery in a bottle-kiln.12 
Because of the need to fuse silica and soda at high 

temperatures, glass-making was one of a whole range of 
chemical manufactures that looked to coal as a staple fueL 
With its local coalfield, its strong and active promotion by 

Gasworks, Biggar, 
Lanarkshire 

A. view from E 

B. hand· fired retorts 

A 

EXTRACTIVE AND CHEMICAL 

the Erskines of Mar, and its ready access to urban markets, 
the glass-work at Alloa, Clackmannanshire, was from its 174·5 

foundation in 1750 well placed to become the major centre 
of the bottle-making industry in eastern Scotland. 13 

Probably the most widespread of the coal-based chemical 
service industries was the production of gas from the 
redistillation of coal tar. Until recently Scotland possessed a 
remarkably good series of small town gasworks, including 176·80 

those recorded at Inveraray, Argyll, and at Biggar , 157 

Lanarkshire (NT 038376), which in its preserved state will 
continue to serve as a physical reminder of the early stages 
and development of the industry .14* The provision of stone 
or brick gasometer-houses with wooden and slated roofs 
and adequate ventilation was a mistaken safety requirement 
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Edinburgh and Leith Gaswork s 
A . two-uni t gasometer-house and counterwe ight turrets (see p. 182, n. 39) 
B. s end of f ive-unit gasometer-house 

of the early gas industry, prior to the advent of open 
all-metal holders with telescopic sections . Stone gasometer
houses of this type, among the last remaining examples in 

158-9 Britain, have been recorded in detail at Musselburgh and 
Leith (NT 274765). 

By a process patented by lames Young in 1850 oil was 
produced from the distillation of a rich type of bituminous 

158 

A 

or 'canne!' coal at Bathgate, in West Lothian . Supplies of 
this mineral were soon exhausted, but the discovery of 
oil-shale at Broxburn in 1858 ensured that the Scottish oil 
industry remained centred in the region of West Lothian, 
where such typical oil-works communities as Oak bank 160 

(NT 079664) were established, and where the massive shale 161 

bings are its greatest monument. 
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A 

Shale-oil works, Oakbank, West Lothian; A. general view, c. 1930 B. vi llage and bing, c. 1930 
B 

Paper-making was-and is-among the chemical indus
tries that were largely independent of indigenous minerals. 
Its main requirements were 'a plentiful supply of fresh 
running water, a good market for the paper and a ready 
supply of raw material', 15 the sources of cellulose being 
successively rags, esparto grass and wood-pulp. The 
Edinburgh area remained pre-eminent in Scotland, but 
paper-making establishments were to a lesser extent attrac
ted to the hinterlands of flourishing cities such as Aberdeen, 

/ 8 / and, like the mills at Inverurie, were in a good position to 
take early advantage of the timber resources of Scotland 
and Scandinavia when technological advances in the 1880s 
made possible the use of wood-pulp. 

The manufacture of gunpowder, a chemical mixture of 
saltpetre , sulphur and carbon, required an abundant supply 

160 

of charcoal (the bulkiest and sole native ingredient) reliable 
water-power for the mills and relatively easy access, 
preferably by water-borne transport. It was linked to the 
demands of quarrying, mining and munitions, and the 
locational requirements drew the industry to those districts 
which had earlier attracted the charcoal ironmasters. In-
deed, part of the ironworks at Craleckan was subsequently 114·/5 

converted to this purpose in the 19th century to serve a large 
granite-quarry nearby, while the gunpowder-works at / 62 

Melfort l6 had been established by the proprietors of 
Bonawe Iron Furnace. A riparian layout similar to that at 
Melfort can also be seen at Clachaig in Glen Lean 
(NS 122814). This, the former Clyde Powder Mills is the 
largest and most complete of a group of ruinous gunpow
der-works in Cowal, which are shortly to be surveyed. 
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Shale-bings. West Lothian 
A. B. West Calder 
C. Broxburn 
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G un powder wo rk s. Melfo rt . Argy ll ; OS 1 :2,500 map ( 187 1) , sheet ('XX II , 13 
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A. Kelp-burning, Kenavara, Tiree , Argyll 
(Erskine Beveridge, 1903) 

B. Kelp-burning kiln, Tiree, Argyll 

EXTRACTIVE AND CHEMICAL 

Because of the risks of explosion in the manufacturing 
process, remoteness from centres of population was 
desirable in this phase of gunpowder manufacture _ The 
most geographically remote chemical industry in Scotland, 
however, was the manufacture of kelp, the calcined ashes of 
seaweed used as a source of alkali. Orkney and the Western 
Isles were the main areas of production, which reached a 
peak of prosperity during the period of the Napoleonic 
Wars but which declined rapidly thereafter. 17 During the 
course of its survey of Argyll, the Commission found much 
evidence of kelp-making activity around the shores of the 
island of Tiree, the most conspicuous surviving remains 103 A. B 

being simple drystone kilns of an open-ended rectilinear 
type. IS 

Salt-work 
Cock of Arran, Island of Arran 

Strathclyde, Cunninghame 

NR 971511 

* 1979 

Coal was discovered and mined at this remote site on the NE 

coast of Arran in the early 18th century, and salt was 
manufactured here intermittently between 1710 and 1735. 19 

Some of the workmen were imported from Bo'ness on the 
River Forth, where the Hamilton family, owners of Arran, 
possessed major coal and salt undertakings . Coal was again 
temporarily worked at the Cock of Arran in the I 770s, and 
although the possibility of reopening the salt-pan was 
considered, there is no evidence of any manufacture of salt 
at that period. The site has thus lain comparatively 
undeveloped, and the roofless and ruinous buildings here 
probably constitute the earliest and most complete surviv
ing remains of a Scottish salt-work. It is probably a typical 
small-scale version of the numerous contemporary estab
lishments around the River Forth, the principal centre of the 
marine salt industry in Scotland. 

The semicircular-ended building (A) is the pan-house or In~ 

boiling-house which occupies a shore-side position for a 163 B 

C. Sa lt -work, Cock of Arran; pan-house and fore-house 
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convenient regular supply of sea-water. The interior of the 
building measures 26 ft 3 in (8·00 m) by 23ft (7·01 m) and 
retains the vaulted furnace-area and stone piers on which 
the pan was mounted. According to contemporary 
accounts, a Scottish pan was usually made of iron plates 
and measured 18 ft (5·49 m) in length by 9 ft (2·74 m) in 
width and 1ft 6in (0·46m) in depth .2o The furnace was 
stoked and emptied in the adjacent fore-house (B) which, on 
an upper floor, may also have had a bothy for the sa lters. 
The nearby bicameral building (C) is a storehouse or girnal 
known to have been built in 1712, and the two ranges 
marked (D) appear to be the remains of workers', probably 
colliers', dwellings. Sunken areas (H) and (F) represent the 
flooded mouths of some of the coal-pits, and it has been 
plausibly suggested21 that building (G) may have accommo
dated salt Excise officers. 

Limeworks 
Murrayshall and Craigend, Cambusbarron, Stirlingshire 

Central, Stirling * 1982, 1984 

Abundant limestone deposits in the area to the sw of 
Stirling have been extensively wrought by opencast and 
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mmmg operations at Murrayshall and Craigend, and, 
according to an account written in 1841 , 'the stones, 
brought out in carts, are prepared and burned in kilns close 
at hand'.22 In 1860 Murrayshall Limeworks was described 
as having 'three kilns in good working order' whilst 
Craigend had 'three kilns in good working order and one in 
ruins', the coal in each case coming from Bannockburn. 
Both limeworks were disused by 1896-9, when the name 
Murrayshall Limeworks was being applied to a post-1860 
establishment further N .23 

All the surviving stone-built kilns occupy the customary 
bank side positions for ease of loading at the kiln head. 
Murrayshall I (NS 773908) has a continuous NW frontage 165 A 

about 18 ft (5·5 m) high built of coursed rubble masonry and 
partly buttressed. It has a bank of three circular charging
holes, or pots, and at the base of each there are three 
segmental draw-arches, or vents, one in front and one in 
each side, reached by taller segmental-arched access-tun-
nels . Each draw-arch was equipped with two draw-holes, or 
eyes, for running off the quicklime. The heavily overgrown 
bank of four kilns at Craigend (NS 761905) is of similar 165 B 

construct ion, scale and layout with front draw-arches and 
much higher tunnel-mouths occupying alternate posit ions 
in the main NE frontage. The impressive 182 ft-lon g 
(55·47 m) N frontage of the kilns at Murrayshall II 166 



A. Murrayshall Limeworks . 
Cambusbarron. 
St irlin gshi re; 
fro nt o f kiln -block 
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B. Craigcn d Limeworks. Cambusbarron. Stirli ngshire; 
access tunnels and draw-arch 

(NS 770930) has front openings of uniform height refined 
with rusticated red sandstone voussoirs . The range was 
evidently erected in two phases, the earlier w half being 
built in coursed rubble with arches of red sandstone, and the 
other in squared random rubble with grey sandstone 
dressings. It incorporates six kilns of two different types : 
the four w kilns are of the three-draw variety with circular 

166 c charging-holes of inverted cone shape; the two E kilns are of 
a larger four-draw type, each with a pair of fron t 

M 

draw-arches and a round-ended rectangular charging-hole . 
All draw-arches have single draw-hole points. The wall
head is reinforced by a prominent row of oval iron wall-ties, 
and the kiln-pots are lined with header-course brickwork . 
The works evidently enjoyed the commercial advantage of 
being connected with the neighbouring Forth & Clyde 
Junction Railway to the N by means of a tramway which it 
shared with Hayford Mills, situated a short distance to the 
E. 
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A. survey drawings 
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Blackpots Brick and Ti le Works, 
Whitehills, Banffshire 

A. works and harbour 
B. bogie and quarry 
C. wire cutting-machine 
D. machine-shed 

EXTRACTIVE AND CHEMICAL 

Blackpots Brick and Tile Works 
Whitehills, Banffshire 

Grampian, Banffand Buchan 

NJ 660657 

# 1971 

This small clayworks, which was demolished by 1978, stood 
on the coast at Knock Head, about 3 km w of Banff. It was 
established on the farm of Blackpots by one Dr Saunders a 
few years before 1788, at which date it was extended by his 
son. 2.j The works assumed its final layout in about 1840 
when the manufacture of drainage tiles commenced.25 The 
production of pantiles and bricks ceased in the early 20th 
century and in 1946 respectively .26 At the date of survey in 
1971 the works produced only field drainage-tiles and 
employed eleven men in the summer season, the same 
number as in 1840. 

Blue gault clay was dug manually at a quarry on the E side /6 7 B 

of the headland , and was transported to the works in 
hand-operated bogies on a narrow-gauge railway . There it 
was gravity-fed into the machine-shed and passed through / 67 D 
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Blackpots Brick and Tile Works, 
Whitehills, Banffshire 

.. U 

A, C, D. survey drawings of machine-shed 
and drying-shed 

B. wall-louvres 
E. drying-racks 
F. three-tier barrow 
G . kiln barrow 

C 

D 



two sets of diesel-powered (originally steam-powered) 
pug-mills and a plunger which removed the stones; a 
twin-piston extruder forced the mixed clay through two 
pipe-dies, and the moulded sect io ns were cut by hand
operated wire cutting-machines. The green clay pipes were 

11>8 F then carried in three-tier barrows (0 the racks of the 
168 A.1l adjacent drying-shed, a fine pantile-roofed and lou vred 

str ucture measuring 234 ft (71·32 m) in length by 28 ft 6 in 
(8·68 m) in width overall. It was laid out on a three-aisled 

168 E plan with four parallel rows of simple box-framed drying
racks. Each rack was about 6 ft 6 in ( 1·98 m) high and 8 ft 3 in 
(2·52 m) long, a dimension which was determined by the 
load-bearing capacity of the wooden shelves and which in 
turn governed the bay module of the whole building .27• 

There were two tiers of louvres, or passes , in each bay; they 
were made up of ledged boards and were hopper hung, 
being pivoted on strap-hinges and secured in the open 
position by rough props. Over the years the simple 
post-and-lintel construction of the building had sett led 

1\ 

Blackpol s Brick and Til e Works. 
Whil ehill s. Banffshi re : kiln 

A . ex teri or 
B. int eri or 
C. sloking·aisle 

EXTRACTIVE AND CHEMICAL 

unevenly, giving the roof an irregular but pleasing 
undulating profile. A timber wall-plate composed of 
scarf-jointed sections was carried on masonry piers placed 
at the angles and midway along the side-walls; intermediate 
support was provided by timber posts demarcating each 
bay . Set on stone bases, the posts were notched to receive 
raking struts and spiked to the soffit of the wall-plate. 

The air-dried tiles were then transferred to the kiln which 
had a capacity for some forty tons of ware and was fired 169 

about sixteen times each season. Although largely rebuilt as 170 

recently as 1953, the kiln was a modified version of the 
traditional 'Scotch' up-draught type; it was equipped with 
low-level furnace-holes staggered opposite one another in 
alternate bays along the side-walls, which were flanked by 
9 ft-wide (2·74 m) stoking-aisles. 28• The kiln yard was 169 C 

adjoined on the SE by a house and the manager's office. To 
the NW, and still surviving, there is a small harbour with a 167 A 

rubble-built pier, which was used for importing coal and 
exporting some of the clay-ware products. 

11 ~ 
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Pott ery. Portobello. Edinburgh 
A. genera l view from sw 
B. pan-mill 

EXTRACTIVE AND CHEMICAL 

Pottery NT304742 
Portobello. Ed inburgh 

Lothia n , C ity of Edin burgh ][ 1972 

Portobello was one of the principal centres of the ceramic 
industry on the s bank of the River Forth, and at their 
closure in 1972 these premises of the Thist le Pottery of A W 
Bucha n & Company Ltd, formerly known as the Portobello 
or Waverley Pottery, probably const itut ed the last complete 
industria l pottery in Scot land . First established in about 
1770, the pottery came into t he ownership of the Buchan 
family in 1867. 29" It was substantially rebuilt and extended 
after 1879, partly covering the area of an infilled 18th
century harbour which was originally built to serve 
Rathbone's Midlothian Pottery nearby .30 At the date of 
survey it manufactured a decorated and buff-glazed 
stoneware using ba ll -clay and china-clay imported from 
Devon and Cornwall. 

Much of the plant and machinery was of comparatively 
recent date but included a steam-powered pan-mill for !71 B 

crushing fau lty or impure ware. It had a cast-iron pan 7 ft 
(2'13 m) in diameter which was driven by an upright shaft 
and overhead gearing; it was rotated beneath a pair of solid 
iron-rimmed sandstone wheels 3 ft 6 in (1'07 m) in diameter 
and 1 ft (0'31 m) wide . The earliest identifiable feature of 
structural interest was a timber king-post roof-structure of 
about 1800; this was incorporated in a two-storeyed brick 
building which had a two-bay arcaded and gab led frontage 
to Harbour Road . 

Three coal-fired bottle-k iln s of traditional design were 
installed in 1903, 1906 and 1909, and, a lthoug h replaced by 
an electr ic furnace in 1956, the two latest kilns still surv ived 
at the clos ure of the work s. At that time on ly the 1909 kiln 173 A 

was access ible for detailed inspection and measurement. 172 
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A . Po ttery, Portobello , Edinburgh; 
1909 kiln , preserved 

Constructed of a yellowish-coloured brick laid in an English 
garden-wall bond, the circular kiln stands to a height of 39 ft 
(11'89 m). It has an angular bottle profile, slightly narrower 
in the neck than its neighbour, and the drip-course at the top 
is ornamented with a dentil-band. At the base the kiln 
measures 23 ft 3 in (7'09 m) in diameter over walls 3 ft 
(0'91 m) thick. Ten arched furnace-holes with associated 
ash-pits are formed in the perimeter of the kiln and 
correspond with dwarf 'bag-walls' inside. In the initial 
firing-process a circular vent in the saucer-domed roof of 
the kiln-chamber was left open, thus creating an up
draught; the damper was then closed and a down-draught 
was induced through a circular aperture in the centre of the 
kiln floor, passing beneath a tunnelled floor, upwards 
through mural flues and emerging around the outer rim of 
the dome. Each firing consumed about 13-14 tons (c. 13·72 
tonnes) of coal, and, including a cooling period, lasted for 
about two and a half days. The kiln had a capacity for about 
130 piles of saggars. 

EXTRACTIVE AND C HEMICAL 

B. Po uery, Dun more, St irlingshire; kiln 

Pottery 
Dunmore, Stirlingshire 

Central, Falkirk 

NS872883 

# 1976 

This small pottery manufactured tiles and domestic ware 
from the local red clay of Dunmore Moss and from the 
superior clays of Devon and Cornwall. It originated in the 
early 19th century, but most of the surviving remains appear 
to date from the period after about 1860, when the pottery 
was acquired by Peter Gardiner of Alloa .3t The remains 
include the ruins of a brick-built bottle-kiln about 16ft 9in 
(5'11 m) in diameter, which was badly damaged in a gale in 
January 1974 and subsequently demolished .32 There is a 
range of single-storeyed and pantile-roofed workers ' cot-
tages in a nearby field , and the manager's house stands a 
short distance to the SE of the kiln . A room in the E wing of 
this house has a decorative tiled interior, the tiles at one time 
covering the ceiling and much of the walls, as well as the 
fireplace and doorway . The tiles are of a highly colour ful 
faience type, typical of Dunmore ware, and one of the 
ceiling plaques is dated 1887. There was a decorat ively tiled 174 A 

lavatory in an outbuilding SE of the house, and it is believed 174 B 

that both these schemes were carried out in honour of a visit 
to the pottery by the Prince of Wales, later Edward VIp3' 
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Pottery, Dunmore, Slirlin gshire ; manager' s hou se 
A. ceiling plaques 
B. wall-urinal (pen cil drawin g) 

Glass-cones, Alloa Glass-work, C lackmannanshire 
C. soul h cone 
D. co ne and furn ace , Didero l, 1772 
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Glass-cones 
Alloa Glass-work, Clackmannanshire 

Central, Clackmannanshire 

D 

NS880924 

# 1968 

At the date of survey in 1968 there were two large brick-built 
cones within the precinct of the Alloa Glass-work close to 
the N shore of the River Forth. The cones dated from about 
1825, when the work was taken over and extended by the 
Edinburgh, Glasgow and Alloa Glass Company,34' The s 
cone, probably the slightly older of the two, was the main 
subject of the survey and was demolished in 1972; the other 
is one of the few left standing in the United Kingdom. 

The demolished cone stood to an overall height of 79 ft 
(24-08 m) above ground level; it was set on an octagonal and 
arcaded stone base 20 ft (6' 10 m) high and 65 ft (19'81 m) 
across opposing faces , The bricks were of local manu
facture, and for the first 11ft (3-35 m) above the stone base 
were laid in alternate courses of headers and stretchers 
(English bond), the remainder being in an English garden
wall bond. 

The base was constructed of coursed sandstone rubble 
masonry and incorporated eight semicircular arches with 
dressed voussoirs , The cone had been used in association 
with a succession of gas-furnaces, and there was no clear 
indication of the original coal-fired pot-furnace or 17-1 D 

annealing-oven ,35 
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Gasworks 
Inveraray, Argyll 

Strathclyde, Argyll and Bute 

40 

NN094083 

1965 

At the date of its closure in 1964 this small gasworks 
preserved much of its early layout, plant and character. It 
was established in 1841 by the 7th Duke of Argyll to serve 
the burgh of Inveraray, and continued to produce coal gas 
by original processes until converted to a more efficient 
exhauster gas system in 1949. 36 The retort-house stood 
against the N boundary-wall flanked by the coal-shed and 
purifier-house; its SE wall had been extended some 8 ft 
(2'44 m) farther out, and the bench incorporated a hydraulic 

177 B main and three hand-fired retorts37 ' that required periodic 
renewal. The chimney stood in its original position in the N 

1 77 A corner, and the roof of the retort-house was of a fireproof 
type-the roof-trusses and battens being of iron, and the 
slates affixed to the battens with copper wire. In the original 
arrangement, gas was introduced into the purifier-house 

176 B directly after being cooled in the bank of condensers, and 
the purifier-house still retained a number of original 

177 c fittings, including two lime-purifiers and a tar box. In the 
later system an exhauster-engine placed in the engine-house 
drew the gas from the condensers and fed it back under 
pressure to the scrubber and washer in the purifier-house, 

178 A and thence through the purifiers. The two gasholders were 
original installations, although gasholder no. 2 had been 
partly rebuilt. Each measured 20ft (6'lOm) in diameter and 

176 

coal-shed 

storage-yard 

70 

24-

Gasworks, In veraray, Argyll 
A. layout o f plant 
B. condensers 
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Gaswork s, I ll vc rara y. Argy ll 
1\. retort-house: detai l of 

fireproof roof 
B. retort-house: hand-fired 

retOrt s. asce nsio n pipes and 
hydraulic main 

C. purifier-house ; «H"· box, 
sc rubber , washer and purificf :,\ 
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Gaswork s, Inveraray, Argyll 
A . gasholders rro m SE 

B, C. no . I gasholder; bal a ncing mechani sm 

had columnar posts with pulley-wheels at their heads, 
1711 B,C originally designed to receive the controlling counterpoise 

weights. 

Stone Gasometer-house 
Musselburgh Gasworks 

Lothian, East Lothian 

NT 348733 

1969 

This circular stone-built structure was erected in about 183 1 
for the gas company serving Musselburgh and Portobello, 
which was established in that year; 38 it survived until 1970, 
being one of the last remaining examples of its type.39' It 
measured 42 ft 6 in (12'95 m) in diameter over walls of 
sandstone ashlar masonry 2 ft (0'61 m) in thickness. A 
single-storeyed structure, possibly an early retort-house and 
purifier-house, had formerly abutted the N face of the 
building. Ventilation for the gasholder was provided by 
four tall louvred windows with pointed arched heads, and 
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Stone gaso meter- house, Musselburgh Gasworks, 
East Lothian 

A . single- li ft gas ho lder, Accum , 18 15 
B. gantry tru ss a nd roof 

the slated conical roof was surmounted by an octagonal 
louvred cupola . The internal gas containers had long been 
absent, but the empty masonry shell still preserved a few 
structural details, including a channel for a counterpoise 
weighted frame . The principal feature of interest was a 
substantial double-frame king-post gantry-truss with stir
ruped main joints . Two iron pulley-wheels were held 
between the pair of f1itched tie-beams. Descriptions of early 
single-lift gasholders of this type show that a chain attached 180 A 

to an eye-bolt at the top of the internal vessel was drawn 
over the two wheels and affixed at the other end to a 
counterpoise weight, almost equal to the weight of the 
vessel. 40 The radial roof-structure otherwise comprised a 180 8 

system of common rafters and ties held together by iron 
rings. 



A 

Acid-producing lOwer. 
Inverurie Paper Mills. 
Aberdeen shire 

A. view from SE 

B. view. c. 1910 
C. design drawing of 

acid-producing lower. 
?Ekman. c. 1890 

Acid-producing Tower 

B 

C 

Inverurie Paper Mills, Aberdeenshire 
Grampian, Gordon 

NJ781192 

1980 

The paper mills of Thomas Tait & Sons Ltd., Inverurie, 
stand on the w bank of the River Don, and were first 
established in 1852.41 This tall rectangular tower dates from 
about 1890, and reflects an important early stage in the use 
of wood-pulp as a raw material in the paper-making 
process. The process was first exploited commercially in 
Sweden by C D Ekman, who may have supplied or 
influenced the design of the Inverurie tower. I t was designed 
to produce calcium bisulphate, an acid liquor in which 
wood chips were boiled for pulping under pressure. 42 From 
a tank at the top of the tower, water or milk of lime trickled 
down square lead-lined vertical shafts over a series of 

N 
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inverted V -shaped racks, which held lumps of limestone; at 
the base of the tower sulphur dioxide was blown in from 
pyrites burners which were specially constructed to keep 
down the combustion temperature, thus preventing the 
formation of sulphur trioxide and sulphuric acid. 

The tower rises to a height of 92 ft (28·04 m) and has a 
slightly tapering profile in the central section . The lowest 
23 ft (7'01 m) is constructed of coursed granite masonry, the 
remainder being of brick laid in English garden-wall bond. 
On plan at ground level it measures 27 ft 6 in (8'38 m) by 19 ft 
(5'79 m) overall. An original corbelled cornice encircling the 
top of the tower has been removed . 

The interior was not accessible at the date of visit, but it is 
known that all original plant and fittings were removed 
before 1950 except, perhaps, the two horizontal egg-end 
cylinders standing near the base of the tower, which may 
have been part of the pulping plant. The top of the tower 
now houses two water-tanks for the mills. 
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2, No . 657 . For a list of o ld coal- and other mines, see the 
Catalogue of Plans of Abandoned Mines,S (Scotland) (HMSO, 
1931). 
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a nd the site of a fourth have been recorded . These include the 
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roof carry the pulley-wheels of the origi na l gas-conta iners and 
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Accum, F C, A Practical Treatise on Gas-light (1815) , 103- 4 a nd 
pI. VII; Peckston , T S, The Theory and Practice of Gas-lighting 
(1815- 19), 220 fr. 
Information from the work s manager; cr. Thomso n , op. cit. , 2 1 I. 
Information on the design and operation of the tower has been 
supplied by Dr W A Campbell, Department of In organic 
C hemistry, University of Newcast le upon Tyne. 
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The rugged and difficult terrain of much of Scotland has 
posed a considerable challenge to the transport engineer 
throughout the centuries. The earliest engineered roads in 
the country were those built by the Romans for military 
purposes, and their remains have been described in many of 
the county Inventories of southern and central Scotland, the 
record being considerably assisted in recent years by aerial 
photography. I Many of these roads are known to have 
continued in use in the Middle Ages, but the medieval and 
later network a lso included other overland routes, some
times mere droving-tracks, of the kind encountered by the 
Commission in the Border counties and in the central and 

Sliriing Old Bridge (e. 1500) 

western Highlands. 2 The comparatively well-preserved 
remains of medieval roads and streets are sometimes found 
within the vicinity of major buildings,3 but arched masonry 
bridges of single or multiple spans constitute the most 
substantial monuments in the country's early road-system. 183 

Such bridges depended on local patronage for their 
construction, and, as the history of the Old Bridge of Earn 202-3 

amply testifies, the powerful waters which they cross have 
added much to the problems and costs of maintenance. 
Evidence of their vulnerability and the need for detailed 
recording is all too clear, and accounts of numerous early 
bridges have appeared in most published Inventories. 4 

183 
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C. T oll · house , Canon Bridge, Ross and Cromany 

184 

B 

Canon Bridge, Ross and 
Cromart y 
(Thomas T elford , c. 18 12) 

A. des ign drawings 
B. view from SE 

A 

Parts of the well-known military and civil (,Parlia
mentary') road-building programmes in the Scottish High
lands have been described in the course of surveys in 
Stirlingshire and Argyll, whilst 18th- and 19th-century 
roads and bridges of all kinds have been recorded in 18 .J 

systematic surveys and in anticipation of their removal or 
adaptation to modern requirements. s These have included 
structures affected by the reconstruction of the A9 highway, 
as well as elements of the turnpike-roads such as toll 
houses, milestones and wayside-markers. 6 

Masonry and timber, sometimes in combination,7 have 
long served as the principal bridge-bui lding materia ls, and a 
handful of minor road· and foot-bridges of timber trestle 
construction, such as those at Garve, Ross and Cromarty 185 

(NH 397613) and Broomhill, Inverness-shire (NH 996223), 
still remain in use. The early 19th century saw the first use of 
cast iron in Scott ish bridge construction, and a bridge at 
Duich on Islay, which had already stood 'several years' by 
1808, may be claimed as the earliest cast-iron bridge in 
Scotland, though no longer extant. 8 The o ldes t surviving 
cast-iron arch bridges, which date from 18 15 and 1813 
respectively,9' are Telford's celebrated road bridge across 20.J-f> 



A 

B 

Wooden bridges 
A. Broomhi ll , Inverness-s hire 

(1894) 
B. Garve, Ross and Cromany 

(late 19th century) 
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186 

Duchess Bridge , Langho im, Dumfriesshire 
A. arch-rib and spandrei detail, 

NE abutment 
B. sW approach 

A 

the River Spey at Craigellachie, and the Duchess Bridge at 186 

Langholm, Dumfriesshire (NY 355852), a less renowned 187 A.B 

footbridge of similar construction . Structural members of 
cast iron were thereafter employed, sometimes in con
junction with wrought iron, in various types of 19th-century 
bridges, including suspension bridges and parallel girder 207-9 

bridges such as Balmoral Bridge. 
In Britain the suspension principle was pioneered in the 

Scottish Borders, and Scotland has continued to produce 
many variations in the design and size of suspension 
bridges, culminating in the 5,980 ft (1822'7 m) span of the 
Forth Road Bridge completed in 1964. 10 Captain Samuel 
Brown's Union Suspension Bridge (1820) over the River 
Tweed at Hutton, Berwickshire (NT 933510), was the first 187 C.D 

road bridge of this type , the chains being made up of 
wrought-iron rods and hangers joined together with a 
system of link-pins, flat links and cast-iron saddle pieces. 
The design of the derelict footbridge over the Aberdeenshire 
Dee at Cults displays the influence of Brown's patented 209-1/ 

techniques, whilst other groups of bridges recorded by the 
Commission appear to be of hybrid stayed suspension and 

B cantilever types. The road bridge at Haughs of Drimmie, 212- 14 
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Duchess Bridge, Langholm, Dumfriesshire 

c 

A. transverse ribs 
B. dovetailed connec tion between arch-ribs 

and transverse ribs 

Union Suspension Bridge. HUll on. 
Berwickshire 

C. delail of linkage unil , including 
later suspension sys tem 

D. view rrol11 NE 
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for example, follows the pattern of an earlier footbridge of 
1824 at Kirkton of Glenisla, Angus (N0212603) and is 188 

almost certainly by Justice & Co . of Dundee . The two Ness 189 A 

Island footbridges in Inverness (NH 661436 and 664439), 
like the Bridge of Oich at Aberchalder, Inverness-shire 189 B-D 

(NH 337036), are attributable to lames Dredge of Bath; in 189 E-F 

his unusual patented design the main cables are made up of 
multiple parallel wrought-iron rods which diminish in 
number towards the span centres and anchor-points. 

Footbridge. Kirkton of Glenisla . Angus 
A. view from N 

Ness Isla nd Footbridge . 
Island Bank Road. In vern ess 

B. head o f pylo n 
C. link age uni t 
D. view from SE 

Bridge o f Oich . In verness-s hi re 
(c. 1850) 

E. link age unit 
F. main suspension cable 

189 
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Much of Scotland' s long coastline has been suited to the 
establishment of harbours, and some sea lochs and river 
estuaries have provided a lmost ideal conditions for the 
development of major ports, docks and ship-building 
(latterly oil-rig-build ing) yards. The remains of small 
boat-landings and anchorages have been noted in close 
association with medieval castles occupying riverine or 

190 seaboard sites, and many later harbours and piers serving a 
216· 17 variety of purposes have come within the Commission 's 

purview: most of them were designed to serve the needs of 
24·5 the fishing industry; many acted as outlets for local 

167·9 industrial products such as lime, slate, bricks and tiles, or 
grain; and some were intended simply as transit points for 
ferries or even pleasure-craft. I I Several ancillary features 

191 connected with wharf and dockside practices have also been 
noted in passing. 

190 

B 

A. Harbour , Lybster, Caithness, 
from N 

B. Harbour , Dunbeath, Cait hness, 
from NW 

A 

The benefits of sea-borne commerce and the fishin g 
industry were, however, occasionally offset by the con
siderable hazards of coastal navigation. Some well-placed 
circular church-towers, such as those of Portpatrick, 
Wigtownshire, and Cockburnspath, Berwickshire, may 
have served as sea-marks, 12 but the first purpose-built 
beacon or lighthouse was that erected on the Isle of May in 
the Forth Estuary in 1636, a description of which is included 
in the Fife Inventory. 13 Southerness Lighthouse, on the 
Solway coast near the mouth of the River Nith , is another of 214· 15 

the small number of lighthouses established as a result of 
local and private enterprise before the formation of the 
Northern Lighthouse Board in 1786. The lighthouse at the 
Mull of Kintyre (1788) was among the first four lighthouses 
erected by the Commissioners of Northern Lighthouses; 14 
this and other Argyll lighthouses, especially those of 
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A. Hydraulic crane, 
Victoria Dock, Leith (1903) 

B. Steam-crane, 
Victoria Dock, Dundee (1 874) 

C. Hydraulic bow-truss swing-bridge, 
Leith Harbour (c. 1896) 

D. Two-leaf swing-bridge, 
East Dock, Leith (c. 1810) 
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Ardnamurchan, Skerryvore and Rinns of Islay, represent 
superb tributes to the determination of the Northern 
Lighthouse Board and to the skills of their engineers and 
work-forces. IS The construction of Skerryvore Lighthouse 
on a reef about 11 nautical miles (20'4 km) sw of Tiree was a 
particularly noteworthy achievement, the building
operations having been conducted from a work yard and 
harbour (complete with its own hydraulic scouring-system) 
at Hynish, on Tiree . 16 Minor navigational aids have a lso 

192 A.B been noted on the quayside of Ayr harbour. 
For the transport of bulk cargoes, canals provided new 

links in a long-established and natural waterway system 
formed by the great river estuaries and navigable lochs that 
penetrated far inland. But, as has been pointed out 
elsewhere,17 Scotland did not acquire, or need, a dense 
network of cana ls comparab le with those of Midland and 
Northern England. The Forth-Clyde isthmus was an 

192 

Navigat ion aids, Ayr Harbour 
A. leading-lighl 
B. fix- light and signal-gu n (c. 1920) 

Union Canal 
C. vcrtieallift bridge, Gi lmour Park, 

C Edinburgh 

exception, however, and the special commercial and 
industrial requirements of the central Lowlands provided 
the impetus for two of the country's most important canal 
projects. The Forth and Clyde Canal, also known at one 2 18· 2 1 

time as 'the Great Canal', as well as being the earliest British 
ship-canal, is the oldest and longest of the Scottish canals; t8' 

about a quarter of its length was recorded in the course of 
the Commission's survey of Stirlingshire, while the same 
survey also embraced the western section of the compara-
tively youthful Union Canal, projected and built between /92 C 

1818 and 1822. 19This waterway ran from Port Hopetoun in 193 

Edinburgh over a distance of 31 V2 miles (50'7 km) to Port 
Downie at Camelon, Stirlingshire, where a ladder of locks 
formerly connected it with the Forth and Clyde Canal. Its 
western section boasts one of the cana l's most impressive 
aqueducts20 and a 700yd-long (640 m) tunnel, the oldest in 
Scotland. 



Union Cana l; 
No. I bridge, View forth, 
Edinburgh (c. 19(0) 

A , C. keystones 
B. E side 

Avon Aqueduct, Sti rlin gshi re 
D . view from SE 

E, aeri al view 
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B 

194 

Caledonian Canal, In verness-s hire; 
locks al Banavie 
(Neptune's Slaircase) 

A. aerial view from s 
B. lock-gales 

Sections of the Union Canal are maintained in navigable 
use for pleasure-craft, but most Scottish barge canals are 
redundant, in many cases infilled and awaiting archaeologi-
cal rediscovery, like, for example, the short Campbeltown 
Coal Canal, Kintyre, Argyl1. 21 However , the two major ship 
canals, the Caledonian and the Crinan, remain busily 
operational, and recording of their canalside features has to 
anticipate the effects of constant maintenance and oc
casional modernisation. The construction of the Caledo
nian Canal (1803-22) through the Great Glen from Loch Eil 
to the Beauly Firth, Inverness-shire, represented a con
siderable engineering achievement by any standards, and at 
Banavie, near the southern entrance to the canal, eight of its 194 

twenty-nine locks form an impressive rise known as 
'Neptune's Staircase' .22 The building of the Crinan Canal, 195 
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Crinan Canal, Argy ll: lock chambers and bas in s, Dun ardry; aerial view from w 
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Crinan Cana l, Argyll; 
aUlOmatic offl et, Ardrishaig 

C. detail of mechanism 
D. pump-house and discharge 

196 

C 

Crinan Canal, Argyll; 
roller bridge, Dunardry 

A. in open position 
B. winch mechanism 

B 

Argyll (1794-1801), although only 9 miles (14'48km) in 
overall length, was no less of a technical triumph over 
difficult terrain which was often too rocky or too soft;23 the 
rise and fall in its short route across the relatively narrow 
neck of land that separates Loch Gilp and Loch Crinan 
necessitated no fewer than fifteen locks. A swing-bridge of 
1871 still operates in a picturesque setting at Oak field 
(NR 856879), and above the chamber of lock I1 at 
Dunardry (NR819912) there is a hand-operated roller IVI> A.B 

cantilever bridge which was installed there in 1900. The 
embankment of the original course of the canal across 

D Oak field Moss can be seen between NR 853894 and 850895; 
this line was breached and abandoned after flood damage in 
January 1805, and the waterway now skirts the hillside to 
the s. Overflows serve each of the canal's three reaches, but 
a more rapid discharge of water from the eastern reach at 
Ardrishaig is provided by an automatic offlet, or 'water IVI> C.D 

waster' (NR854870), designed in 1892 and built in 1895. 



A 

Some of the earliest railways of central Scotland provided 
links with the canal system. Within Stirlingshire , for 
example, the Commission encountered the remains of a 
horse-drawn colliery wagon-way which joined the Forth 
and Clyde Canal near Kelvinhead. 24 A dock on the Union 
Canal was the original terminus of the Slamannan Railway, 
which was authorised in 1835 and built between 1836 and 
1840, one of the earliest public railways in Scotland . The 
terminal yard still retains some of the massive stone blocks 
used for carrying the bolted chairs for iron rails before the 
introduction of wooden sleepers. 25 

The canals themselves, however, were soon threatened or 
superseded by the railways, and in 1848 the Union Canal 
was acquired by the Edinburgh and Glasgow Railway . 
Three of the five railway viaducts described in the 
Stirlingshire Inventory26 were on this company's main line, 
which was opened in 1842 and became part of the 
burgeoning North British Railway in 1865. The original 
eastern terminus of this railway was at Haymarket Station, 

222· 4 recorded in detail prior to its partial demolition and 
modernisation . In 1846 the line was extended to what was 
originally known as Edinburgh General Station,27' later 
renamed Waverley and massively extended between 1892 

199 and 1902 following the completion of the Forth Bridge in 
200 A 1890. One of the minor showpieces of this monument to the 

197 NBR was a booking-hall with mosaic floor and timber-
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Waverley Station, Edinburgh; booking·hall ( 1892- 1902) 
A. general view 
B. detail of mosaic floor 
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Central Stati on, Glasgow 
A. station-ha ll and co ncourse, c. 1920 (p. 238, n. 28) 

Queen Street Station, Glasgow 
B. arched roof of train-shed 

B C. det a il of struct ura l support 

198 
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A, B. Forth Railway Bridge under construction 1887 
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panelled booking-office, recorded before their removal in 
1970. Queen Street Station in Glasgow was the western 
terminus of the NBR and its parent company; a steep, 
tunnelled approach and a fine overaH arched roof are its 198 B.C 

most distinguished features. The roof, which was designed 
by lames Carswell, was built between 1878 and 1880, and 
now, following the demolition of St Enoch Station, remains 22 -1 -5 

the last of its size and type in Scotland .28' 

Scotland possesses some of the internationally renowned 
feats of Victorian railway engineering such as the Forth 
Bridge, the Tay Bridge and Ballochmyle Viaduct, Ayrshire . 211 1 A 

However, even the most humble works of architecture and 
engineering inherited from railway companies operating 
before the amalgamation of 1923 display considerable 
character and variety, some dressed in castellated or 
baronial style or some, like the weather boarded station
buildings of the Highland and Great North of Scotland 
Railways, contributing to the vernacular building traditions 21111 B- D 

of the regions that they served. The various physical 
obstacles in the path of the railway engineers in the Scottish 
Highlands were not tackled and overcome until the last 
decades of the 19th century. Their endeavours were 
awarded with spectacular scenic views, whether looking at 
or from the railways, and some of the practical difficulties 
have had beneficial side-effects; the wooden trestle viaduct 
at Aultnaslanach, for example, now the only surviving 228-9 

structure of its type on a main-line railway in Scotland, 
possibly in Britain, has been retained because its founda-
tions are better suited to the surrounding boggy ground than 
those of a heavier bridge of metal or masonry. 
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A. Fo rth Railway Bridge; gene ral view, c. 1900 B, C, D. Rai lway station , Taynui lt, Argy ll (1879) 
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A. Railway viaduct, Ballochmyle, Ayrshire (1846- 8; see a lso frontispiece) 
B. Airship constructi on shed, Inchinnan , Renfrewshire (1916); view, c. 1919 

Finally, this section would not be complete without some 
reference to the early monuments of aviation history, one of 
the major aspects of the modern transport revolution that is 
also now recognised as a branch of industrial archaeology. 
The British aircraft industry and military aircraft services 
grew from infancy to manhood under pressure of wartime 
conditions between 1914 and 1918, and parts of Scotland, 
especially along its North Sea coastline, provided suitable 

235-7 locations for aircraft stations to combat potential aerial and 
naval threats. Bases were established for squadrons of 
airships (both the rigid and the smaller non-rigid types)29 
and seaplanes, as well as more conventional aircraft. In 
addition, an Admiralty a irship-construction shed was 

201 B erected at William Beardmore's Inchinnan Works, Ren
frewshire (NS475685), where the rigid airships R24, R27 , 

COMMUNICA TIONS 

R34, and R36 were subsequently built. Shortly after the epic 
trans-Atlantic flight of the R34 from East Fortune in July 
1919, the Scottish stations were closed down, and by the end 
of 1923 a ll the airship sheds, which during their short 
existence were doubtless prominent landmarks, had been 
dismantled. Fortunately, other Scottish examples of early 
aviation architecture have suffered a less destructive fate. 
The flying-boat hangar at Stannergate near Dundee is 232·~ 
probably the earliest of its type to survive in the United 
Kingdom, while two groups of First World War aircraft 
hangars at Montrose airfield are probably the last to remain 230-2 

in their original condition. In 1982 the surviving two of the 
more impressive and slightly later group were dismantled 
for museum purposes. 

201 
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Old bridge, Bridge of Earn , 
Pcrt hshirc 

A. vicw by DOHill , I 82 1 
B. remains of bridge 

on s bank 

Old Bridge 

B 

Bridge of Earn, Perthshire 
Tayside, Perth and Kinross 

NO 132185 

# 1970 

The old bridge at Bridge of Earn30 was an important late 
15th- or early 16th-century stone arched bridge spanning the 
River Earn at its lowest crossing-point, a few miles 
upstream from its confluence with the River Tay. In its 
original form, the bridge was probably comparable with the 

COMMUNI CA nONS 

existing four-arched structure at Stirling, but a fifth arch 183 

was added in about 1766 because of river erosion on the N 
bank. Measuring some 305 ft (93 m) overall between the 
abutments of the Nand s approaches, it was finally 
abandoned and partly dismantled after 1822 upon the 
completion of a new bridge some 180m upstream . At the 
date of survey in 1970, the surviving remains of the old 
bridge consisted of two complete arches and piers on the s 
approach (demolished in 1976) together with vestiges of the 
approach road and abutment on the N bank , the portions on 
each side of the river being separated by a distance of 195 ft 
(59·44m). 
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Old Bridge 
Craigellachie, Banffshire 

Grampian, Moray 

B 

NJ 285451 

• * 1980 

Thomas Telford's bridge at Craigellachie, erected in 
1814-15 across the River Spey, and its sister bridge built two 
years earlier across the Dornoch Firth at Bonar, Sutherland, 
together represent his two major works in Scotland that 
employed the structural use of cast iron. They were basically 

204 

A 

O ld br idge. Crai gell achie, 
Ban ffshi re 

A. design draw ings 
B. view from NE 

identical in design and shared the distinction of being 
prototypes for his several large arch-bridges subsequently 
built in Britain. The ironwork for both bridges was cast by 
William Hazeldine in his foundry at Plas Kynaston in North 
Wales and was probably erected on site by his foreman 
William Stuttle. Prior to its reconstruction above the 
arch-ribs in 1963, the Craigellachie bridge bore the 
inscription 1814/ cAST AT PLAS KYNASTON / RUABON DEN BIGH

SHIRE, cast in bold relief at one end of the parapet skirting . 
Built in the form of a segmental arch with a rise of 20 ft 

9 in (6'33 m), and a width of 15 ft I in (4'60 m) , it spans 151 ft 
6in (46'18m) between granite abutments topped with twin 
turrets and raked at an angle radial with the arch. Its four 
longitudinal ribs are made up of seven castings, each pierced 
with latticed subdivisions and bolted together through 
transverse ribs, also pierced with openings to lessen the 
weight. For lateral stability the ribs were further stiffened 
by latticed cross-plates extending over the full width of the 
arch extrados , and by a series of stout horizontal tie-bars 
fix ed at intervals between .the ribs along their lower edge . 
Rows of diagonal struts , set within the arch spandrels, 
provided longitudinal bracing and direct support to the 
road-bearers, also stiffened transversely by tie-bars fixed to 
their intersections, and by two pairs of diagonal sway
braces on each side of the crown. In general, the var ious l Ob 

members were connected by bolted flanges, or by a system 
of joggle-and-socket Joints cast on the frames and evidently 
held together simply by iron pins or wedges and the 
compressive forces acting upon them . 
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Balmoral Bridge, C ralhic, 
Aberdeenshi re 

A. survey drawings 
B. view from SE 

Balmoral Bridge 
Crathie, Aberdeenshire 

Grampian, Kincard ine and Deeside 

il 11 

NO 262949 

• 198 1 

Designed by I K Brunei , with ironwork by R Brotherhood 
of Chippenham , the plate-girder bridge spanning the River 
Dee near the entrance to Balmoral Cast le is possibly the 

120 130 
I...---~ 

40 

rj 

140 
I 

earliest of its type of construction in Scotland. 31 Commis
sioned by the Royal Family as part of the improvements to 
the Balmoral estate, it did not meet with their wholehearted 
approval on its completion in 1857 , owing to its severely 
plain appearance and marked elasticity under passing 
traffic . But in engineering terms it is a distinguished work, 
incorporating roller-bearings and one of Brunei 's novel 
girder sect ions devised to resist buckling and compressive 
strains; and it has the refinement s of a gently cambered 
profile and cut-out diaper-patterned web-plates. 
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Flanked by curved approaches, the bridge rests on 
207 18 ft-high (5'49 m) abutments built of coursed rock-faced 

blocks of local granite. The two principal girders, which 
208 also form the parapets, are each 130ft (39'62 m) by 6ft 6in 

(1'98m) deep and have a clear span of 124ft (37'80m) 
between bearers. Spaced 15 ft (4'57 m) apart, the webs are 
connected transversely at 5 ft (1 '52 m) intervals by 12 in-deep 
(0'31 m) plate cross-beams, which are decked with longitud
inal pine planking and originally accommodated raised 
narrow side-walks and a 10 ft-wide (3 '05 m) carriageway, 
surfaced with gravel. The boxed ends of the girders are 
mounted on cast-iron bed-plates averaging 3 ft (0'91 m) 
square, which are fixed inertly onto the w abutment but ride 
on rollers on the other to permit free longitudinal 
movement. The roller-bearings consist of upper and lower 
bed-plates with a wrought-iron framework between them 
containing a set of five rollers of 4in (l02mm) diameter. 

The girder components include a cambered upper flange 
with fascia-plates, a broader lower flange slightly dished 
downwards, and a vertical web-plate interconnecting them, 
the whole being stiffened transversely by diaphragm plates 
dividing the girders into five-bay units . Built up entirely of 
rolled wrought-iron members, the girders consist of flat 
plates butt-jointed together in short regular lengths and 
strengthened by a complex system of bracing-strips, 
angle-irons and cover-plates, all carefully chain-riveted to 
form a rigid structure. The Y2 in-thick (12'7 mm) plates 
forming the upper flange are doubled in thickness over the 
three central sections, while those of the lower flange are of 
two layers throughout, totalling 13 / 16in (20'6mm), and are 
disposed so as to break joint on either side of the web-plate . 
Web- and diaphragm-plates, respectively of 17/ 32 in 
(13'5 mm) and 3/ 16 in (4'8 mm) in thickness, are stiffened 
with cross-bracing and angle-irons, lapped or spliced where 
necessary and levelled off with packing-strips. In general, 
the principal butt-joints are connected with single or double 
splice-plates and close-riveted in one or more rows on either 
side. 

Three of the four original makers' plates remain on the 
bridge affixed to the parapet fascia , inscribed R. 

BROTHERHOOD/ CHIPPENHAM / WILTS. 1856. In his initial cal-

Sl Devenick Bridge, Cu lt s , Aberdeenshire; view fr o m NW 

COMMUNICATIONS 

culations, Brunei assumed that the bridge would be capable 
of supporting a load of 86 tons (87'38 tonnes) 'or about 1200 
people'; it continues to serve the needs of present-day 
traffic, though the wooden decking was renewed in 1971 . 

St Devenick Bridge 
Cults, Aberdeenshire 

Grampian, Kincardine and Deeside 

NJ 897026 

.][ 1971 

This suspension footbridge was built in 1837 by Dr George 
Morison, minister of Banchory-Devenick parish, for those 
who lived in the detached portion of the parish N of the 
River Dee and who attended the church and school on the S 

bank of the river. 32* Although the N portion of the parish 
was transferred to Peterculter in 1891, the bridge was 
reconstructed by public subscription after flood damage in 
October 1920. However, the s approaches have since been 
destroyed, and for some years the bridge has lain disused 
and under threat of demolition. 

The bridge was designed by John Smith, architect 
(1781-1852), who had worked with Samuel Brown, the 
pioneer of British suspension bridges, on the Wellington 
Bridge, Aberdeen, in 1829-31 .33 The Cults bridge followed 211 

the Brown suspension system in having a pair of single 
chains made up of wrought-iron rods and hangers joined 
together by iron link-pins and flat links . The main rods are 2 10 B.C 

I V4 in (44'5 mm) in diameter and range in length between 6 ft 
4in (1'93m) and 6ft 8in (2'03 m) . Thirty-five hanger-rods 
and their corresponding number of cast-iron cross-beams 
carry the slatted wooden deck . It has a timber balustrade 
(dismantled, together with the decking, in 1984), and is 210 A 

reinforced underneath by a system of diagonally set wooden 
braces . The pylons are in the form of hollow cast-iron 
columns and entablatures of Greek Doric Order. They are 
set on masonry piers which, like the anchor-block abut-
ments, are of coursed granite and have a battered profile 
with a cordon-moulding at the head. The clear span between 
the pylons is 186 ft (56'69 m) and the original overall length 
316ft II in (96'60 m), subsequently extended by the con
struction of another pier 23 ft 6 in (7'16 m) to the S.34 
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A 

St Devenick Bridge, Cult s, Aberdee nshire 
A. part ly di smantled, 1984 
B. detail of suspension system 
C. link age unit 
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Bridge. Haughs of Drimmie, Perth shire 

A. drawings 
B. view from SE 
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Bridge 
Haughs of Drimmie, Perthshire 

Tayside, Perth and Kinross 

NO 170502 

• 1976 

This attractive bridge, which serves Glenericht Lodge, 
crosses the River Ericht about 4·8 km N of Blairgowrie. Built 
in about 1830, it is one of a small group of wrought-iron
framed bridges of suspension type. It was probably 
designed by John Justice (Junior) of Dundee, and repre-
sents a large and modified version of John Justice ' s 
footbridge of 1824 at Kirkton of Glenisla, Angus 188,9 

(NO 213603).35 The Drimmie bridge has a main clear span 
of 105 ft (32 m), the pylon-masts are 3 in (76 mm) square and 
10ft 3 in (3'13 m) high above stone abutments, and the 
wooden deck is 10ft 6in (3'20m) wide overall. 

The design is that of a complex 'basket' or multi-stayed 
suspension type. Each pair of pylons is held in position by 
three I YI in-square (38 mm) anchor-stays, and suspended 
from them over the bridge are seven wrought-iron rod-stays 
with intermediate stabilisers, all secured to the pylons by 
bolts and bridle-pieces. The pylon-masts themselves have 
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scrolled ironwork at the bases and are inclined outwards 
towards the heads, where they are joined by curved 
segmental overthrows. The stretch-wires of the parapet 
handrails are held independently from straining-posts at the 
bridge approaches. The frame of the wooden deck com
prises a series of transverse ribs, each made up of a 
cambered upper angle-member and a flat iron tie riveted 
together at the ends. Together with the eyed ends of the 
main suspension stays and alternate uprights of the 
handrails, they are secured by cotters to a continuous flat 
iron boom 3 in by 7/ 16in (76mm by 11 mm) in section . A 
system of under bracing, anchored into the abutments, 
reinforces the deck frame; it takes the form of a suspended 
'cradle' or truss and comprises two I 111 6 in-diameter 
(27 mm) suspension rods spaced 3ft 6 in (1'07 m) apart and 
braced by short square-section struts notched into the 
transverse ribs above. 

Lighthouse 
Southerness, Kirkcudbrightshire 

Dumfries and Galloway, Nithsdale 

NX 977542 

• 1978, 1984 

Originally built by Dumfries Town Council in 1748-9 and 
later heightened and altered, this square tower is the third 
most ancient and second oldest surviving purpose-built 

214 

Sou therness Lighthouse. 
Kirk cudbright shire 

A. view from sw 
A B. light-chamber and balcony 

B 

lighthouse in Scotland. 36 It was intended to serve as a guide 
to navigation in the difficult waters of the Nith Estuary and 
the inner Solway Firth, where there are treacherous 
sand-bars. The original beacon-tower was heightened in the 
1780s, and was provided with an oil light and reflectors at 
about the time that its operation and maintenance were 
taken over by the Nith Navigation Commission upon its 
inception in 1811. It was further heightened and the 
light-system improved in 1842-3. Faced with increasing 
financial burdens, the Nith Navigation Commission was 
obliged to extinguish the light in 1867, but with the revival 
of water-borne trade in the late 19th century the lighthouse 
was restored and brought back into active use in 1894. The 
red sandstone upperworks of the tower date from this last 
period, and the brass frame of the last lantern used in the 
tower is mounted on a concrete plinth nearby. According to 
local information, the light was last operated in 1936. The 
tower stands on a low rubble-built platform on the tidal 
foreshore; it is square on plan, measuring at base 14 ft 6in 
(4'42m) over walls 2ft 6in (0'76m) thick and in its final 
form stands to an overall height of more than 59 ft (18 m) . 
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Southerness Lighthouse. Kirkcudbrig ht shire 
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Pier and li ghlhou se, POri Logan, Wi glown shire 

Pier and Lighthouse NX 094405 
Port Logan, Wigtownshire 

Dumfries and Galloway, Wigtown • )[ 1983 

The ruins of this jetty extend in a broad arm some 185 m 
across the sw horn of Port Logan Bay, terminating at the 
seaward end in a more complete pier-head and small 
stone-bui lt lighthouse tower. Efforts on the part of the 
McDouall proprietors to develop Port Nessock or Port 
Logan into a harbour were first recorded in 1682, but the 
existing remains correspond with the chief proposals made 
by John Rennie, engineer, in a report of 1813, and carried 
into effect between 1818 and 1820 largely at the expense of 
Co lonel Andrew McDouall of Logan, who hoped thereby to 
benefit from the Irish cattle trade. 37 

The pier-head is protected by a pitched sea-wall rising to a 
parapet backed by a stepped wall-walk, and the inner 

COMMUNI CA TIONS 

quayside, which has a stair to water-level, has been faced 
with widely spaced wooden fenders clasped in position by 
socketed stones . This surviving portion is impressively 
constructed of coursed sandstone rubble masonry employ
ing large stone blocks, and the slabbed and cobbled paving 
incorporates two granite bollards. The parapet terminates 
in a sturdy circular light-tower with a latrine annexe built 
under the adjacent forestair to the first-floor entry . The 
tower, which is ashlar built throughout, measures 11 ft 2 in 
(3'40 m) in overall diameter and 32ft 2 in (9'80 m) in height. 
The turret has a stone-slabbed conical roof of concave 
profile carried on four plain square monolithic pillars, 
rebated presumably to receive a frame for glazed panels. An 
iron bar is fixed to the apex of the roof for holding the lamp, 
but otherwise there is no surviving evidence of the actual 
method of lighting . The light-chamber was evidently 
reached by a ladder from the first floor; the ground floor 
contains a small fireplace and a shelved recess. 
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A 

C 

Forth and Clyde Canal; 
bascule bridge, Craigmarloch, Dunbartonshire 

A, B. det ail s of mechanism on sand N banks 
C. view from w 

B 

Forth and Clyde Canal 
1981-5 

The oldest and longest of Scotland's major canals, the 
Forth and Clyde waterway linked Grangemouth in the east 
with Bowling in the west. It had a branch into Glasgow at 
Port Dundas, where it was joined to the Monkland Canal, 
and there were short side-cuts at Dalderse and Netherwood 
Lime Works. The section between Grangemouth and 
Stockingfield, the junction with the Glasgow branch, was 
completed between 1768 and 1775, but the western section 
to Bowling, and the final stage of the Port Dundas 
extension were not opened until 1790 and 1791 respectively. 
The canal was closed for navigation at the end of 1962.38 

Nine of its 38 % miles (14'48 km of 62·36 km) run through 
the former county of Stirlingshire, and a descriptive 

account of this stretch, prepared at a time when the canal 
was still in use, was included in the Commission's 
Stirlingshire Inventory.39 Since the abandonment of the 
waterway, the threat of dilapidation or modernisation of 
canalside buildings and features has made further detailed 
recording even more necessary and urgent. Although 
modified with later decking and handrails, the bridge at 
Craigmarloch (NS 737773), for example, was until recently 218- 19 

one of the last surviving bridges on the canal to retain 
significant elements of its original design . It has been a 
two-part bascule bridge manually operated by spur gearing 
of slightly differing design on each bank, in conjunction 
with counterweights encased in pits within the abutments. 
Framed wooden fenders and gates flank the water-borne 
approaches to the narrow 21 ft-wide (6'40 m) opening. 

The ruins of stables-blocks associated with the canal are 220 A,B 

to be found also at Craigmarloch (NS 737775); like those at 
Shirva, Dunbartonshire (NS 691752), and elsewhere along 
the canal, these have had two-storeyed and hipped-roof 
main blocks with advanced and pedimented central bays . 
Their functionally handsome appearance echoes the more 
elegant treatment accorded the classical Canal Office of 220 C 

c. 1812 which stands, now dilapidated, on the North Speirs 
Wharf, Port Dundas (NS 588666). 40 By far the most 
impressive features, however , are the flight of five locks at 
Maryhill (NS 563690) , with intervening oval basins, and the 
associated four-arched Kelvin aqueduct (NS 561689), all 221 

built 1787-90 by Robert Whitworth. 
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Forth and Clyde Canal; 
stables, Cadder , Lanarkshire 
A. canal-side frontage 
B. interior 
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l A 

C . offices, Port Dundas, Glasgow 
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B 

Forth and Clyde Canal; Kelvin Aqueduct, G lasgow 
A. view from SE 

B. view from w showing locks and basins 
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Haymarket Station , Edi nburgh; office-block 

Railway Station 
Haymarket, Edinburgh 

Lothian, City of Edinburgh 

P 

1 
5 

L- A N P 

20 ]0 
1 1 

NT 239731 

• ][ 1967, 1980 

Haymarket Station was originally planned and built 
between 1840 and 1842 as the eastern terminus of the 
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Edinburgh and Glasgow Railway Company, one of the 
principal constituents of the later North British Railway. 
The designer was John Miller, engineer. The frontal 
office-block of the present station, and immediately to the 
w a train-shed which has since been removed to the 
preserved railway at Bo'ness, represent all that is left of the 
original terminal station. In 1846 the railway line was 
extended eastwards to Waverley Station, and Haymarket 

223 



COMMUNI CA TIONS 

was subsequently converted into a four-platform through
station with two sets of double tracks. 

The remains of the early train-shed consisted of ten 
222 surviving bays of an elegant arcaded and canopied struc

ture, originally twelve bays and 239 ft (72·85 m) in overall 
length. The bays were formed with fluted cast-iron columns 
and elliptical arches with decorated spandrels; the columns 
were hollow, serving as rainwater conductors, and on the s 
side of the canopy, where there was no platform, they were 
set on high stone pedestals. The tie-rods of the roof-

224 structure were secured by ornate struts; the apex of each 
truss incorporates a pendant anthemion leaf, and on the s 
side the ends rest on carved scrolled brackets . 

The office block has a classical 82 ft 3 in-long (25·07 m) 
223 and two-storeyed frontage to the station forecourt. It is 

hip-roofed and its seven bays incorporate slightly advanced 
end-pavilions and a central tetrastyle portico, all faced in 
yellowish sandstone ashlar. The openings are emphasised 
by broad offset margins with scrolled brackets and 
consoles, and a large circular clock occupies a prominent 
central position in the block parapet above a mutuled 
cornice. The main floors are set above a basement at the 
platform level; there is still an original external stair at the N 

end, but the interior has been remodelled and modernised . 

St Enoch Railway Station 
Glasgow 

Strathclyde, City of Glasgow 

NS 589649 

# 1975 

St Enoch Station was the principal terminus of the Glasgow 
and South Western Railway Company, which operated 
Anglo-Scottish services jointly with the Midland Railway. 
The station was opened for traffic in October 1876, and the 

224 

H aymarkcI Stati o n, Edinburgh; 
roof struct ure of or igi nal trai n-s hed 

five-storeyed hotel facing St Enoch Square was completed 
in July 1879, evidently incorporating the earliest electric 
lighting-system in Glasgow. 41 The commercial success of 
the station led to the construction of six additional 
platforms between 1898 and 1902, bringing up the total 
number to twelve. The station was closed in 1966, the hotel 
in 1974, and the entire complex has since been demolished. 

The special distinction of the train-shed was its pair of 
impressive arched overall roofs . The roof of the original 225 

(northern) shed was of five-centred elliptical form and of 
wrought-iron and steel construction. It had a clear span of 
about 204 ft (62·2 m), a height of 83 ft (25·30 m), and a 
length of about 525 ft (I60m) divided up by latticed 
arch-ribs into sixteen bays. The arch-ribs bore the date 1877 
(when the station was already in operation) and the maker's 
name, Messrs Andrew Handyside & Co. Ltd. of Derby and 
London, which reflected the interest and influence of the 
Midland Railway in a design which would serve as a 
counterpart to that of their own larger and more celebrated 
terminal station at London St Pancras . The design 
engineers for St Enoch were John Fowler and lames F 
Blair. The roof over the southern extension was of simi lar 
but smaller arched form, being 293 Ft 7 in (89·48 m) long, 
65 ft (19·81 m) high, and having an internal clear span of 
143ft (43·60 m) . Beyond the sheds, the platforms were 
covered with glazed awnings. 
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A 

B 

St Enoch Station. Glasgow 
A. trai n-sheds from SE 

B. detail of roof-cresting 
C. interior of N train -shed 
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Railway viaduct , Friockheim , Angus; 
aerial view from NW 

Railway Viaduct 
Friockheim, Angus 

Tayside, Angus 

NO 588497 

# 1976 

Built in about 1840 For the Arbroath and ForFar Railway, 
which was later absorbed by the Caledonian Railway, this 
viaduct stands on the eastern side of what was Formerly a 
triangular junction with the Caledonian main line to 
Aberdeen and formed part of the earliest railway link 
between Arbroath and Montrose. This line was rendered 
obsolete when the North British Railway constructed a 
direct coastal route in the 1880s, and the viaduct had ceased 
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to be used for railway traffic before 1914. 
Constructed on a slightly curved N-S axis over the Lunan 

Water and its tributaries at the western end of Friockheim 
village, the viaduct has an overall length of about 620 Ft 
(189 m) and a width of 27 Ft 9 in (8'46 m). It has a 
battlemented parapet and a slabstone deck carried by eight 
out of an original series of nine ribbed elliptical arches of 
60 Ft (18·29 m) spans. The soffit of each arch has six ribs 
bonded by six transverse ribs, two of which occur at each 
crown. At the southern end there are two infilled blind 
arches and a road-cutting, all subsequently modiFied in 
association with a girder bridge . The masonry throughout is 
of local red sandstone with tooled or pecked ashlar 
dressings and snecked rubble walling wh ich approaches 
ashlar standards in its quality of execution and jointing. 
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Railway viaduct, 
Auhnasla nach, Moy, 
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A . pencil drawings 
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A. pencil drawings 
B. del ai l of structural framework 

Railway Viaduct 
Aultnaslanach, Moy, Inverness-shire 

Highland, Inverness 

NH 760349 

• 1976 

This wooden trestle bridge carries the single-track Avie
more-Inverness railway line across the AlIt Creag Bheithen 
just N of the former station at Moy. This line was opened by 
the Highland Railway Company in 1897, and the bridge is 
now the only surviving structure of its type on a main-line 
railway in Scotland, possibly in Britain.42 

The bridge is 132ft 7 in (40'41 m) in length by 28 ft 6in 
(8'69 m) in width with raking shores spreading the width to 
60ft (I8'29m) overall. There are five spans, varying 
between 24ft 4in (7·42m) and 25ft lin (7'65m) in length 

centre to centre, and the decking stands 27 ft 9 in (8·46 m) 
above the normal water-line of the burn . 

Compared with the elaborate structures of this kind 
erected by I K Brunei in England, and those on North 
American railroads,43 this bridge is of modest trestle frame 
and multiple prop-and-beam construction, employing 
heavy pitch-pine baulks with iron-clad joints . The sectional 
corrugated-iron deck is carried on a series of six longi
tudinal girders, each made up of coupled baulks mounted 
one on top of the other. There are six trestle bents, the two 
end ones being set within the embankments. Each of the 
four central frames is composed of six upright posts driven 
into the ground like piles and joined together by runners, 
beam-stiffeners and, at the head , a transverse beam. The 
main structural components are braced laterally by raking 
shores, and longitudinally by an elaborate system of raking 
struts associated with the main girders and a lower 
straining-beam. 
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Aircraft hangars, Montrose Airfield , Angus 
A. side-door hangars (19 13) 
B. roof-truss det ail 

Aircraft Hangars 
Montrose Airfield 

Tayside, Angus 

NO 719595 

)[ 1980 

The former Montrose airfield, which occupies a 38-acre 
(15'4 ha) site extending along the coastline immediately N of 
the town, was established in 1913, when it became the 
permanent base of Nos. 1 and 2 Flights of the Royal Flying 
Corps, in preference to the earlier one at Dysart because of 
its better landing-facilities . Between 1913 and 1919 it served 
primarily as a training base, though there was an attached 
War Flight, whose combat duties were confined to 
Zeppelin-fighting. Wartime aircraft known to have been in 
service there included the early Maurice Farman (MF7 and 
11) and BE2, and the later Bristol Fighter (F2B) and · 
Sopwith Camel.44 Initially, in late 1913, three side-door 
hangars, originally designed for Dysart , were erected in a 
crescent-shaped layout facing eastwards at the s end of the 
airfield to replace temporary ones of canvas and wooden 
portable construction. Then in 1917 three larger hangars 
were built on a N-S axis at the far end of the site. After the 

Ai rcraft hangars, Mont rose Ai rfi eld, Angus; end-door hangar (1917) 
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A B 

war the airfield was abandoned in favour of Leuchars, but 
in the shadow of the Second World War it was reopened, 
and during the period 1936-1945 several more hangars were 
built with standard tubular metal portal-frames. One of 
these, and the central 1917 hangar, were destroyed by 
enemy action in 1940. 

The three 1913 hangars each measure 211 ft 6in (64'47 m) 
by 66ft 9in (20'35 m) overall, over a clear roof span, and 
with a headroom of 16 ft (4'88 m), they are framed of timber 
in twenty-two closely spaced bays and clad externally with 
corrugated iron sheeting. The impressive range of roof 
trusses are of fairly conventional design, but utilise iron 
rods for the vertical tension members and strap reinfor- 230 B 

cement at the principal joints. Overall stiffening depends on 
a central row of longitudinal cross-braces supplemented by 
diagonal wall-ties across the angles of the building and the 
three central bays. The wide-span access openings, origin-
ally accommodating four timber-framed sliding-doors, are 
bridged by a triangulated roof at right angles to the main 
one. An original internal feature is the staggered row of iron 
rings, one strapped beneath alternate tie-beams, presuma-
bly for suspending block-and-tackle equipment. 

The two surviving 1917 hangars are orthodox prefabri- 230 C 

cated structures, built on a series of timber-framed bays and 232 
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Aircraft hangars, 
Montrose Airfield , Angus 

A. end-door hangar 

A 

B. detail of door buffer 

distinguished externally by their shallow rounded roofs, 
propped side-walls and massive wooden end-doors flanked 
by their trestle housings. The roofs were covered with 
bituminous felt laid on diagonal boarding; the sides, of 
horizontal weatherboarding, were similarly felted, but may 
originally have been left exposed and treated with pitch. 
They measured 170 ft (51'82 m) in length by 80 ft (24'38 m) in 
width over a clear roof span, and with headroom of 18 ft 
(5·49m). The propped wall-frames and roof-trusses were 
constructed of built-up timber sections, lapped and bound 
together at the principal joints by a combination of iron 
bolts, straps and spacer-pieces. The trusses-strictly of 
polygonal profile-were braced with a system of raking 
struts and vertical tension rods, and the roof structure as a 
whole was stiffened by two rows of longitudinal wind
braces and the provision of diagonal bracing over the 
purlins.45' 

The hangars were evidently of a standard type-dubbed 
'black hangars' among flying personnel because of their 
outward appearance-once common at RFC stations 
situated elsewhere in the United Kingdom at, for example, 
Tadcaster, Beverley and Yatesbury. 
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Flying-boat Hangar 
Stannergate, Dundee 

Tayside, City of Dundee 

NO 431309 

1982 

The former First World War seaplane base, situated at 
Stannergate just E of Dundee, was one of several established 
by the Royal Naval Air Service along the E coast of Britain 
for conducting reconnaissance and anti-submarine oper
ations. Occupying a 25-acre (10'1 ha) site on the banks of the 
River Tay, the base was initially equipped with two hangars 
and a slipway, suitable for serving seaplanes such as the 
Short 184. The hangars were possibly transferred from an 
earlier base at Port Laing on the River Forth (NT 134811). 
By April 1918 a third hangar of more substantial dimen
sions had been erected, with adjacent slipway, along the E 

side of the site in order to house the larger Curtiss H-12 and 
Felixstowe F2A flying-boats. This hangar, which can be 
identified as the tall building in the middle background axial 
with the slipway, is now all that remains of the original 
complex. 



A 

Flyin g-boat ha ngar, 
Stannergate, Dundee, Angus 

A. seaplane base, c. 191 8 
B. exterior from NE 
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Classified as an F-type hangar-of which two later 
examples built in the 1920s also remain in Scotland at 
Evanton, Ross and Cromarty, and West Freugh, Wig
townshire,46-it has a structural frame of all-metal con
struction set out on a 17ft (5'18m) regular grid. The main 
area measures 204ft (62'18m) in length by 104ft (31'70m) 
over a clear roof span, with headroom ('ceiling') of 27 ft 
(8·23 m). There is, in addition, a single-storeyed range which 
extends along the w side. The trusses are of lattice-style 234 A 

construction, and the principal wall-members-cast with 
the maker's name 'THE FRODINGHAM IRON & STEEL CO LTD, 
ENGLAND '-are made up of U-channel sections. Externally, 
the end-walls are reinforced with raking members, but the 233 B 

main architectural feature of the building is the E wall, 
which was capable of being opened in sections over its entire 
length. Framed wheeled doors, each 51 ft (15'55 m) in width, 
were manually operated by a crank-and-chain drive. The 234 C,D 

minimum of fixed supports were used to carry the 
guide-rails and eaves-girder; these supports comprised 234 B 

latticed stanchions at each end and raking frames at the 
midpoints, where the girder spanning the double-width 
central opening is deeper and projects above the eaves-line. 
Both the roof and walls were clad with corrugated asbestos 
sheeting of the 'Trafford Tile' pattern, then a relatively new 
material. 47 
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Flying-boal hangar, 
Slannergale, Du ndee, 
Angus 

A. 
B. 

interior 
midpoint and co rner 
slanchions 

C , D. delails of sliding 
door mechanism 
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Airship sheds, Caldale, Orkney, c. 1916 

Airship Stations 

Between 1915 and 1916, as part of a strategic network 
defending Britain's coastline, Royal Naval airship stations 
were established in Scotland: on the west coast at Luce Bay, 
Wigtownshire (NX c.117597); and along the more vulner
able east coast at Caldale, Orkney (HY c.413104), Long
side, Aberdeenshire (NK c.038475), and East Fortune, East 
Lothian (NT c.560795). 

Caldale and Luce Bay stations were each equipped with 
three or four 'Sea Scout' non-rigid airships and a number of 
kite balloons designed to be towed behind ships for spotting 
enemy movements. Sheds48' for housing these smaller craft 
varied in size, the two at Caldale measuring 220 ft (67'06 m) 
by 109ft (33·22m) by 50ft (15·24m) high and 160ft 
(48'77 m) by 70ft (21'34m) by 46ft (14'02m) high, and the 
one at Luce Bay 302ft (92'05 m) by 70ft (21'34m) by 50ft 

235 (15'24m) high. The Caldale sheds were of timber skeleton 
construction , clad with painted corrugated iron . The 

236 principal stations of Longside and East Fortune were 
planned primarily to accommodate the larger 'Coastal' and 
'North Sea' types of non-rigid as well as the embryo of 
Britain's proposed rigid fleet. Accommodation at each 
station comprised a rigid-airship shed, flanked by a smaller 
shed for Coastals on each side; these last were stepped 
forward to afford a sheltered area in front of the rigid shed, 
and the resultant formation was aligned with its long axis in 
the direction of the prevailing winds. Typical dimensions 
for a Coastal shed were 320ft (97'54m) by 120ft (36'58m) 
by 80 ft (24'38 m), while the rigid sheds extended in length to 
as much as 700ft (213'36m) and 110ft (33'53m) in clear 
height. The width of the Longside shed, however, was 150 ft 
6 in (45'87 m), enough to house two of the earlier 23-class 
rigids, as compared with 180 ft (54'86 m) at East Fortune, 
which could hold two of the larger 33-class sh ips.49· After 
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July 1917 the East Fortune shed was also used as the main 
base for housing the new North Sea type of non-rigid. 

Intimately connected with the sheds was the hazardous 
business of manoeuvring the ships through the end
doorways, especially in windy conditions. Designed to 
allow the maximum dimensional clearance, the enormous 
four- leaf sliding-doors ran on a wheeled double track and 
were operated by winch or capstan. To further assist with 
ground-handling, one or more giant windscreens were used 235 

in the form of walled extensions to protect the ship when 236 

walking it to and from the shed entrance-an operation 
which required as many as 500 men. Ranging in size from 
160ft (48'77 m) by40ft (J2'19m) high to 360ft (109'73 m) by 
70 ft (21'34 m), they were usually of all-metal construction, 
strengthened by bracing-members and faced with a latticed 
surface in order to break up the force of cross-winds. 

The rigid-airship sheds were of all-steel construction 
covered with corrugated iron sheeting painted in camou
flage colours and glazed with several rows of anti-actinic 
glass. Designed to enclose a vast, clear space by the most 
economical means , structurally they had to be strong 
enough to resist severe wind-pressures and to allow a ship to 
be slung from the roof-frames when it was deflated or 
lacking buoyancy. Basically, the framework consisted of a 
series of transverse frames, spaced at about 28 ft (8'53 m) 
centres, joined by longitudinal members. The transverse 
frames were usually braced with raking struts which, unlike 
the smaller aeroplane hangars of the time, were covered 
externally to form smooth sloping wall-surfaces and 
side-bays or annexes within. To judge from contemporary 
photographs, the rigid shed at East Fortune was similar, if 
not identical, to the 'No. 2 shed' at Pulham, Norfolk, and 
accordingly an impression of its structural design may be 
got from the reconstruction drawing. Such a shed required 237 

about 3,000 tons (3,048 tonnes) of steel , the main supports 
and stiffening members being of coupled channel-section, 
and the successive bays fabricated in a standard range of 
triangulated units. 
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Airship stations 
A. East Fortune , 

East Lothian; 
aerial view from 
SE, c. 1918 

B. Longside, 
Aberdeenshire; 
aerial view from 
E, c. 191 7 
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n.1 E.g . In ventory of Roxburghshire, 2, Appendix A, pp. 463- 74; 
Inventory of Stirlingshire, I, Nos. 124-5; Inventory of 
Peeblesshire, 2, Nos . 634-5 ; Inventory of Lanarkshire, Nos. 
262- 6. See Maxwell , G S, 'The evidence from the Roman period', 
in Fenton, A and Stell, G P (eds.), Loads and Roads in Scotland 
and Bey ond (1984),22-48. 

n.2 E.g. In ventory of Roxburghshire, 1, pp. 50- I , Nos. 116- 23, 
180- 2, 264- 6, 293,376-83, 489-93; 2, Nos. 616-19, 757-66, 
831-4,885-8,890-3, 101 5-2 1,1069- 70, and pp. 474-9 
(Appendices B and C); Inven tory of Selkirkshire, pp. 27-8 , Nos. 
92- 117; Inventory of Peeblesshire, I, pp. 47-8; 2, Nos. 634-53; 
In ventory of Stirlingshire, I, pp. 52- 4; 2, Nos. 508-9, 511 - 31; 
In ventory of Argy ll, 2, p. 4. See also Graham, A, PSA S, 83 , 
(1948- 9),198-206; ibid., 93 (1959-60),217- 35; HBNC, 35 
(1959- 61),288-300; PSAS, 96 (1962-3),318- 47. 

n.3 E.g. [nventory of Argyll, 4, No. 4, pp. 142- 3. See also Post
Medieval Archaeology, 9 (1975) , 137- 63. 

n.4 For bridges substantiall y of pre-1707 date, see, e.g., Inventory of 
Kirkcudbrightshire, Nos. 74 (pp. 54- 5),375,399,495; Inven tory 
of Berwickshire, rev ised edition, Nos. 68, 160, 258 (p. 132); 
[nventory of Dumfriesshire, No. 131; Inventory of East Lothian, 
Nos . 75-6, 86, 140, 151; In ventory of Midlothian and West 
Lothian, Nos. 44 , 120, 140 (p. 107), 188- 9, 252, 359; In ventory of 
Fife, Kinross-shire and Clackmannanshire, Nos. 102, 178,369, 
389,405,416-17,470, 559, 590-1, 614; In ventory of Orkney and 
Shetland, 2, Nos. 121 - 2; In ventory of Roxburghshire, I, No. 432; 
2, Nos. 567 (pp. 266, 269), 593; Inventory of Stirlingshire, 2, No. 
455; In ventory of Peeblesshire, 2, Nos. 628, 630. 

n.5 E.g. Inventory of Stirlingshire, 2, No. 510; In ventory of Argyll, 2, 
Nos. 371 - 2. See also Graham, A, PSAS, 97 ( 1963- 4) , 226- 36; and 
for a selection of 18th- and 19th-century bridges: In ventory of 
Roxburghshire, I, Nos . 6, 519-20; 2, Nos. 584, 787; In ventory of 
Selkirkshire, Nos. 68-74; Inventory of Stirlingshire, 2, Nos. 
452-4,456-70; In ventory of Peeblesshire, 2, Nos . 627, 629, 631 - 3; 
[nventory of Argyll, 1, Nos. 353-6; 2, Nos. 368- 70; 3, Nos. 
375-6, 389-90; 5, Nos. 430, 432. 

n.6 E.g. tollhouses, In ventory of Stirlingshire, 2, No. 383; Inventory 
of Peeblesshire, 2, No. 653. For related work on the A9 , see 
Curtis, G R, PSA S, 110 (1978-80), 475- 96. 

n.7 E.g. In ventory of Roxburghshire, 2, No. 593; In ventory of 
Stirlingshire, 2, No . 477 . See also Stell , GP, SAF, 13 
(forthcoming) . 

n. 8 Inventory of Argyll, 5, No. 432. Cr. Hume, J R, Industrial 
Archaeology Review, 2 (1977), 290- 9 at 290. 

n.9 The cast-iron bridge over the River Devon at Cam bus 
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GL O SSAR Y 

Air pump. In a steam-engine, a reciprocating pump designed to draw water and air from a condenser chamber. 
Ashlar. In masonry, stonework dressed to a smooth or rusticated surface, carefully squared and finely jointed, usually in 

level courses. 
Bascule bridge. A balance or counterpoise bridge which can be rotated upwards about axes at one or both ends. 
Batter. An inward-sloping wall-face . 
Bedstone. In milling, the lower fixed stone of a pair of millstones. 
Bending moment. The total bending effect caused by external loads at any section of a beam . 
Bent. In civil engineering, a self-supporting transverse frame. 
Blackband ironstone. An iron ore containing coal used as fuel in hot-blast furnaces. 
Boom. In bridge and roof construction, the top or bottom horizontal member of a built-up girder or truss . 
Boxed section. In iron-framed buildings, a beam or stanchion of I-section strengthened by cross-ribs or diaphragms. 
Breast-shot. Of a water-wheel in which the water is directed below (low breast-shot) or above (high breast-shot) the 

horizontal centre-line of the wheel, causing it to turn in a reverse direction . 
Bridge tree. In milling-machinery, the hinged beam supporting the thrust bearing of the runner-stone spindle . 
Bridging-box. In milling-machinery, the seating for the bearing of the runner-stone spind le . 
Cat-slide roof. Any portion of a roof which is continued downwards below the general eaves-line . 
Centrifugal governor. In a steam-engine, a pendulum device consisting of two hanging rods, the lower weighted ends of 

which swing outwards to control the steam-supply valve . 
Collar-rafter roof. A roof comprising pairs of common rafters joined together by tie-beams (collars) fixed above wall-head 

level. 
Condenser. In a steam-engine, the chamber in which exhaust steam from the cylinder is condensed. 
Dentil band. In Classical architecture, a course of small square blocks, usually forming part of a cornice. 
Double-acting cylinder. A cylinder in which the up and the down strokes of the piston act as worki ng strokes. 
Double-floor construction. A floor composed of main beams which carry a system of cross- or filler-joists . 
Eccentric. In machinery, a non-concentric disc or cam for converti ng rotary into reciprocating motion . 
Eccentric rod. An arm attached to the strap of an eccentric disc which transmits the backwards and forwards motion to a 

slide-valve. 
English bond. In brickwork, alternate courses composed entirely of headers or stretchers . 
English garden-wall bond. Brickwork in which three or five stretcher courses alternate with one header course. 
Entablature. In Classical architecture, the whole of the horizontal members above the column (architrave, frieze, cornice). 

In engineering, the cross-beam supporting the centre of a beam-engine . 
Extrados. The upper surface of an arch or vault. 
Far/and. A receiving-box or trough used in fish-gutting . 
Finnan haddock. A haddock smoked by a specialised method first practised at Findon , near Aberdeen. 
Flail. A wooden-handled and flexible-jointed device for threshing corn by hand. 
Flange. In iron beam and column design, the flat strengthening member at one or both ends of the web (q. v.). 
Fleche. A slender wooden spire mounted on the ridge of a roof. 
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Flemish bond. In brickwork , courses consisting of alternate stretchers and headers. 
Flitched. Two wooden beams bolted together to form a single structura l member. 
Flume, see Pentrough. 
Furrows, see Lands and furrows. 
Gambrel roof. A hipped roof with gab let-ended ridge. 

Gorge cornice. In Ancient Egyptiar. architecture, a broad cavetto cornice. 
Great spur- wheel. In milling-machinery, a large horizontal gearwheel mounted on the upright shaft and engaging with the 

stone nuts. 
Gudgeon. The pivot point at the end of an axle. 
Hackle screws. In milling-machinery, screws mounted on the bridging-box (q . v.) to permit fine adjustment of the 

horizontal plane of the millstones. 

lnternalframe. In a building, a framework of beams and stanchions structurally integral with external load-bearing walls. 
lntrados. The under-surface of an arch or vault. 
Jack arch. In 'fireproof' floor construction, a shallow arch, usually of plastered brick, spanning the lower flanges of iron 

beams. 
Jib. The principal load-bearing member of a crane. 
Joggle and socket. In structural ironwork , a joint formed between two members, one tenoned and the other socketed. 
King-post roof truss. A form of timber roof truss comprising principal rafters, tie-beam, raking struts and a central vertical 

member (the king-post) . 

Knapped stones. In rubble masonry, stones roughly squared off or trimmed . 
Lands and furrows. In millstone dressing, a system of flat surfaces (lands) and channels (furrows) cut on the grinding face. 
Launder, see Pentrough. 
Line-shafting. A system of horizontal shafting used to transmit the main drive to individual machines . 
Mutules. Regularly spaced blocks in the so ffit of a Classical cornice. 
Overshot. Of a water-wheel in which water is directed onto the wheel above and beyond its vertical centre-line, causing it to 

turn in a forward direction . 

Parallel motion. A system of parallel links designed to maintain the up-and-down motion of a piston-rod in a straight line. 
Penstock, see Pentrough. 
Pentrough . A wooden trough, or chute, directing water onto a water-wheel. 
Pilaster. A rectangular column of shallow projection integral with, or attached to a wall. 
Pitch-back wheel. A fo rm of water-wheel of high breast-shot type. 

Pitched slope. In harbour const ruction, a sea-wall having a gradual slope of about 45 0 or less. 
Pit-wheel. In milling-machinery, the primary vertical gearwheel mounted on the shaft of the water-wheel. 
Plummer or pillow block. A form of clamp casing for housing the bearing of a pivot or shaft. 

Queen-post roof truss. A form of timber roof truss comprising principal rafters, tie-beam , raking struts and a pair of 
vertical posts (queen-posts) symmetrically disposed on each side of the mid-span. 

Rack ring. The toothed iron ring or rack on the top face of the horse-wheel of a horse-engine . 

Raking shore. A sloping prop or strut for bracing a vertical frame or wall. 
Runner stone. In milling, the upper revolv ing millstone . 

Rynd, rind. In milling, an iron bearer , o r mace, which supports and transmits the drive to the runner stone. 
Saggar. A fireclay casing for protecting pottery during kiln firing. 

Scarf joint . A form of lapped joint between two members which does not increase their overall cross-sectional area . 
Scrib joint. A fo rm of lapped joint between the main plate sections of a riveted still. 

Slag-dam. In a blast-furnace, a dwarf wall extending across the lower forepart of the tapping~arch. 
Snecked rubble. Squared rubble brought to short courses using small square stones (snecks). 
Soffit. The underside of any structura l or ornamental member. 
Spandrel. The triangular space above the haunch of an arch. 

Spigot joint. The male and female joint formed between two lengths of pipe or column. 
Split bearing. A bearing which is formed in two halves and fits within a plum mer block (q. v.). 
Stilling basin . An outer basin designed to protect the entrance to an inner harbour. 
Stone nuts. In milling-machinery, small spur-wheels or pinions transmitting the drive to the runner stones. 

Straining beam. In structural framing, a hori zontal strut or stiffening member. 
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Stroke. In an engine or pump, the full length of movement of a piston in a cylinder. 
Swage block. A pierced and notched cast-iron or steel block used for shaping heated metal. 
Sway braces. In structural framing, diagonal struts, or wind braces, fixed transversely to resist lateral movement. 
Tap-hole. In a blast-furnace, the hole at the base of the slag-dam through which the molten metal runs. 
Tetrastyle. In Classical architecture, a portico having four frontal columns. 
Thrust bearing. A bearing taking the axial load at the end of a shaft. 
Tooled. Of ashlar masonry chisel-dressed on face with a batting or broad tool. 
Trafford tile. A corrugated tile and cladding of asbestos cement, first manufactured in 1913 at Trafford Park, Manchester. 
Tuyere. In a blast-furnace, the aperture for conveying the blast to the furnace. 
Tymp arch. In a blast-furnace, the arch over the slag-dam and forepart of the tapping-arch . 
Valve chest. In a steam-engine, the chamber containing the valve at the side of the cylinder. 
Voussoir. A brick or stone, normally wedge-shaped, used to form an arch . 
Wallower. In milling-machinery, the primary horizontal gear engaging with the pit-wheel to drive the upright shaft. 
Web. In iron beam and column design, the vertical member of its cross-section. See also Flange. 
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Broxburn (West Lothian), p . 158, fig. 161. 
Broan (Caithness), p . 14, fi g. 15. 
Broichladdich , Islay (Argyll), pp . 36,44, 50, 51 , fi gs. 36A , 37, 41A, 44B, 

46B, 53C . 
Brunei. Isambard Kingdom , engineer , pp . 207, 209 , 229. 
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Building and engineering construction: fireproofing, pp. 68, 69, 86, 91, 
95,176, figs. 87, 88, 89, 92, 93A, 96A, I77A; floors, pp. 14,20,22, 
25,28,29,36,41,42,52,68,71,81,84,91, 112, 115, 116, 118 , 197, 
217, figs. 15,23,39, 40B, 116- 17, 120, 197, 216; foundat ions, pp. 86, 
116,214, figs. 88-9,215; framing, internal and external, pp. 36, 68, 
86, 103, 115, 118, 124,223-4,230-3,235, figs. 87-90, 103C, 104, 
117,119- 20,122-3,125,127,222, 224-5,23 1,234-5, 237; masonry, 
ashlar, pp. 36,118,165 , 178,217,224,227, figs . 2 16, 223; masonry, 
coursed, pp. 14,25,84,111,164- 5,174,18 1, 217, figs. 14, 25A, 85, 
165- 6,216; masonry, drystone, p. 163, fig. 163A, B; masonry, 
rubble, pp. 4,14,19,20,22,25 ,36,70,7 1,95, Ill , 165, 169,227, 
figs. 12, 22A, B, 23, 95A, 165, 167A; roof coverings, pp. 8,12,14, 
20,22,36,70,71,84,95,96,99,167,169, 173,176,217, 230, 232, 
233,235, figs. 12, 14, 15,23, 95A, 169,216; roof forms, pp . 1,20, 
22,25,26,29,34,68,71,84,91, Ill, 116- 17, 129, 173, 180, 219, 
224, figs . I, 12C, 20B, 23, 26, 28-30, 43, 85, 116A, 117, 172, 180B, 
220A, C, 223; roof structures, pp . 12, 14, 15, 19,34,36,42,86,96, 
101,111,112,116,118,121,124, 129, 171 ,176, 180, 182(n. 39) , 224, 
230-2,233,235, figs. 13,39, 43, 46A, 47, 90, 96A, 102, II IB, 120, 
122,123, 124A, 125, 127, I77A, 179, 180B, 222, 224- 5, 230- 1, 232A, 
234A, 237; trest le frames, pp. 184, 199,229,232, figs. 185,228,229; 
vaulting, pp. 8, 22, 25,164, figs. 7, 23-4; ventilators, pp. 4, 8,16,18, 
19,26,29, 42,52,169,178- 80, figs. 7, 16A, 17, 19,26,28-30,39, 
43B, 57, 168A, B, 179; wall cladding , pp. 28 , 29, 199,230, 232,233 , 
235, figs. 2ooB, 230A, C, 233B, 235 ; wall construction, pp. 10,25, 
68,164,165,169,209,216,217,232,233,235, figs. lOB, 24, 68A, 
165, 166A, B, 2 10A; wall framing, pp. 22, 28, 169, 230,233,235, 
figs. 28, 168A-D, 230A, B, 231, 234A , B, 235, 237 ; wall louvres, pp . 
19,169, figs. 19, 168A-D; wall rendering (tiles), pp. 118, 173, fig. 116 
(whitewash), pp. 36, 52, 70, fig . 53A . 

Building and engineering materials: brick, pp . 1,8,28, 29,42,52,68,69, 
84,86,91,95,96,99,115,116,121 , 124,157, 165, 167 , 171,173 , 
174,181,182 (n. 14), 190; cast iron , pp. 8,18,36,68,84,86,91,101, 
103,112,115,116,124,129,132,136,139,151,171,184,186,204, 
209,224,229,230,238 (n . 9); canvas, p. 230; co ncrete , pp. 10,2 14; 
flagstone, pp. 14, 18,22,25,29,8 1; glass, pp. 18,51,103,2 17,224, 
235;granite,pp. 18,III,112,155,160,18I,204,209,217;iron, 
pp. 1,4,6, 12, 18,20,25,42,46, 49,8 1,101 , 114, 115, 118,121 , 
164, 165, 171, 176, 180; see also cast iron, wroug ht iron; marble, 
pp. 18, 156; slate, pp. 4,14,20,36, 42,70,71,84,95,99,155,156, 
176,180,190; steel, pp. 20, 224, 233, 235: thatch, pp. 8, 12, 14, 22; 
tiles, pp. 18,41,42,70,96,157, 167,169,173, 190; timber, pp. 4, 12, 
14, 18,19,20,22, 25 ,26,28,29,36,52,68,86, 96, Il l , 112, 116, 
118,124,129,136,169,171,182 (n. 39),184, 197,209, 230,232,235: 
see also wood; turf, pp. 14,22,108, fig. 15; wood, pp. 1, 4, 6,10, 
18,20,22,27,32,41,46,49,51 ,52,55,68,71,81,84,9 1, 96,136, 
150,157, 169,197,199,209,213,214, 217,219,229,230, 232, 238 
(n. 43); see also timber ; wrought iron, pp. 101, 103, 115, 116, 186, 
189, 209,2\3,217,224,229,230,232. 

Bunnahabhainn, Islay (Argyll), pp. 36,44, figs . 32C, 45A, 54C. 
Buteshire: Cock of Arran, Island of Arran, salt -wor k and coal-mining, 

pp. 163-4, figs. 163C, 164; see also p. 182 (n. 37). 

Cadder (Lanarkshire), fig. 220A, B. 
Cadell, William , ironmaster and industria li st , p. 101. 
Caithness: Bruan, kiln-barn , p. 14, fig. 15; Dunbeath, harbour, fig. 190B, 

ice-hou se and salmon-bothy, p . 22, figs. 22- 3; Kei ss, harbour and 
ice-house, pp. 4, 25, fig . 24; Thurso, kippering-house, p . 26, fig . 
27A; Wick, fish-curing station, pp. 25, 30 (n. 30), fig . 25, harbour , 
pp. 4, 25, 26, kippering-houses, pp. 26, 28- 9, figs. 26, 27B, C, 28, 
29B, C, 30; see also pp. 14,26,29,30 (n. 7), fi gs. 29A, 190. 

Caldale (Orkney), pp. 235, 238 (n . 48), fig . 235. 
Calderhaugh Mills, Lochwinnoch (Renfrewshire), p. 100 (n. 4). 
Caledonian Canal, pp. 194,238 (n. 18), fig. 194. 
Cambus (Clackmannanshire), p. 238 (n . 9). 
Cambusbarron (Stirlingshire), pp . 63, 164- 5, figs. 165- 6. 
Campbell, Sir Duncan, landowner, p. 108 . 
Campbeltown, Kintyre (Argyll), p. 32. 
Campbeltown Coal Canal, p. 194. 
Canals: Fort h and Clyde Canal, pp. 192, 197, 219, figs. 218- 21; see also 

pp. 192-7,219,238 (n. 18), figs. I92C, 193- 6; see also Aqueducts. 
Canonbie (Dumfriesshire), p. 136. 
Caollla, Islay (Argyll), pp. 36, 52, 54, 55, figs. 53 B, 540, 62B. 
Cardowan Colliery (Lanarkshire) , p. 154. 
Cardy Net Manufactory, Lower Largo (Fife), p. 99, figs . 97B-99 . 
Carlops (Peeblesshire), cotton-weavers' cottages, pp. 63, 70, fig . 70A, B. 
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Carlu ke (Lanarkshire), grain-mi ll and windmi ll-tower, pp . 10, 12, fig. 
lOB. 

Carmichael and Coy Ltd ., engineers, p . 142. 
Carron Iron Works (Stirlingsh ire) , pp . 101 , 103, 11 6, figs. 100- 3, 115B, 

11 6- 17. 
Carswell , James, engineer, p. 199. 
Catrine (Ayrsh ire), p . 63, figs. 65, 66A. 
Chartershall (Sti rlingshi re) , p. 3. 
Cheese-presses, pp. 3, 30 (n . 7). 
Chemical industries: clay, pp. 156- 7, 166- 74; gas, pp. 157- 9, 176-80; 

glass pp. 157, 174-5; gunpowder, pp. 160, 162; kelp, p. 163; lime, 
pp. 154, 164- 6; oi l-shale, pp. 158, 160- 1; paper-making, pp. 160, 
18 1; salt, pp. 154, 163- 4. 

Clachaig, see Clyde Powder Mills. 
C1ackmannanshire: Alloa Glass-work, pp. 157, 174 , 182 (n. 34) , figs. 

174C, 0 , 175; see also pp. 145, 182 (n . 2), 238 (n . 9) , fig. 144 . 
Click-mills, see Horizontal mills. 
Clyde Ironworks, Glasgow, p. 103. 
Clyde Powder Mills, Clachaig, Cowal (Argy ll ), p. 160. 
Coalbrookdale (Shropshire), p. 10 I. 
Coal industry, pp. 139, 153-5, 182 (n. 2), 194, figs. 139-4 1, 153, 154A. 
Coats, J and P, Ltd., Anchor Thread Works, p. 91. 
Cockburnspath (Berwickshi re), p. 190. 
Cock of Arran, Island of Arran (Buteshire) , salt -work, pp. 163- 4, figs. 

163C, 164. 
Condie, James, ironmaster , p . 103. 
Conisby, Islay (Argyll ), horse-gang and threshing-mill, pp. 3, 12, figs. 11, 

12A. 
Co non Bridge (Ross and Cromarty), fi g. 184. 
Co rliss, George H, engi neer, p. 142. 
Corliss rocking valve, see Engines and machines. 
Co rt , Henry , ironmaster , p. 101. 
Craigell achie (Banffshire), old bridge, pp. 184, 186,204, figs. 204- 6. 
Craigend , Cambusbarron (St irlingshire), limeworks, pp . 164-5, fig. 165B. 
Craighead Mill , Lesmahagow (Lanarkshire), p. 3, fig . 2. 
Craigmarloch (Dunbartonshire) , Forth and Clyde Canal, p. 219, figs. 

218- 19. 
Craleckan, Furnace (Argyll ), ironwork s, pp. 10 1, 114- 15, 160, figs. 114, 

115A . 
Cralhie (Aberdeensh ire) , pp. 32, 44 , 55 , 186,207, 209, figs. 32A, 44A, 

55A,207-8. 
Creighton, William, engineer, p. 86. 
Crinan Canal (A rgyll), pp. 194, 196, figs. 195- 6. 
Cro mpton, Samuel, engineer, p. 63. 
Crystal Palace, London, p. 103. 
Cults (Aberdeenshire), St Devenick Bridge, suspension footbridge, 

pp. 186,209,238 (n. 32) , fi gs. 209- 11 . 

Dairies: Guisachan, Tomich (Inverness-shire), pp . 16, 18, fig s. 16- 18A ; 
see also p. 3. 

Dale, Dav id, industriali st, pp. 63, 78. 
Dallas Dhu , Forres (Moray), pp. 36, 51,52, fig s. 43A , 46A , 51A. 
J)arby, Abra ham, ironmaster, p. 10 1. 
J)ea nsto n (Pert hshire) , p. 63. 
J)empster , George, industria list, pp . 63 , 84. 
J)evon Colliery, Sauchie (C lackmannanshire), p. 182 (n. 2). 
J)iesel, see Power. 
J)istillerics: pp. 31-62; Aberdeenshire: see Roya l Lochnagar; Argyll: see 

Ardbeg, Bowmore, Bruichladdich, Bunnahabhainn, Campbeltown , 
Caol ll a, Lagavu li n, Laphroaig , Oban, Port Ellen; Banffshire: see 
Balvenie, Glen livet, Knockdhu, Mort lach; East Lothian: see 
Glenkinchie; Moray: see Benriach , Dallas Dhu, Glen Grant, 
Knockando , Longmorn, Speyburn, Tamdhu; Perthshire : see 
Edradour. 

Ardbeg, Islay (Argyll), pp. 32.42,50, figs. 38B, 39, 40A, B, 53D; 
Balvenie , Duff town (Banffshire) , p. 31, fi gs. 31 B, 48, 49B; Benriach , 
Elgin (Moray), pp. 4 1, 42 , fig . 4 1B, C; Bowmore, Islay (Argyll ), pp. 
32,42,44, figs. 32D, 42A, C , 45B; Bruichl add ich, Islay (Argy ll), pp . 
36, 44,50, figs. 36A, 37, 4 1A, 44B, 46B, 53C; Bunn ahab hainn, Islay 
(Argyll), pp. 36, 44, figs. 32C, 45A, 54C; Campbelt own, Kint yre 
(Argyll), p. 32; Caol lla, Islay (Argyll), pp. 36, 52, 54, 55, figs. 53B, 
54D, 62B; Dall as Dhu , Forres (Mo ray), pp . 36, 51, 52, fig s. 43B, 
46A, 5 1 A; Edradour, Pitlochry (Perthshire), pp. 31, 44, 56, 58, figs. 
31A, 45C, 0, 56-60, 62A; G len Grant, Rothes (Moray), pp. 50, 51; 
Glenkinchie (East Lot hian) , p. 55; Glen li vet, Minmore (Banffshire), 
pp. 32, 50, 54, 55, figs. 33, 50B, 54A, E, 55D; Knockando (Moray), 
p. 32; Knockdhu , Knock (Banffshire), p. 52, fig . 52A; Lagavulin , 
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Islay (Argyll), pp. 36, 42, 61, figs. 34B, 40C, 42C, 55B, 61; 
Laphroaig, Islay (Argyll), pp. 32, 34, 4<, 50, 51, 54, 55, 62 (n. 4), 
figs. 32B, 34A , 35, 44C, 50A; Longmorn, Elgin (Moray), pp. 36, 50, 
51; Mortlach, Duff town (Banffshire), pp. 32, 51; Oban (Argyll), p. 
44; Port Ellen, Islay (Argyll), pp. 41, 52, 55, figs. 38A, 39, 43A, 53A, 
54B, 55C; Royal Lochnagar, Deeside (Aberdeenshire), pp . 32, 44, 55, 
figs. 32A, 44A , 55A; Speyburn, Rothes (Moray), pp. 36, 51, 55, figs . 
36B, 51 B; Tamdhu, Knockando (Moray), pp. 32, 36, fig. 47. 

Docks, pp . 190, 191, 197,238 (n. 16). 
Doig , C C, architect, p. 36. 
Dredge, James, engineer, p. 189. 
Drimmie, Haughs of (Perthshire), iron suspension bridge, pp . 186, 

213-14, figs. 212-13. 
Duchess Bridge, Langholm (Dumfriesshire), iron arch bridge, p. 186, 

figs. 186, 187A, B. 
Duddon Bridge, Furness (Lancashire), p. 115. 
Duich, Islay (Argyll), p. 184 . 
Dumfriesshire : Duchess Bridge, Langho lm , p. 186, figs. 186, 187A , B; 

Wan lock head, beam-engine, p. 136, figs. 136-8; Wanlockhead, lead
mining, p. 155, fig. 154B; West Ga llaberry, horse-mill, pp. 12, 14, 
figs. 12B, C, 13; see also pp. I, 136, 182 (n. 37), fig. xii. 

Dunbartonshire: Forth and Clyde Canal, p. 219, figs . 218- 19. 
Dunbealh (Cail hness): harbour, fig. 190B; ice-house and salmon-bothy, 

p. 22, figs . 22- 3. 
Dundee: Sou th Dudhope Jute Works, horizontal tandem compou nd 

engi ne, p. 142, figs. 142-3 ; Stannergate, flying-boat hangar and 
station, pp. 201,232-3, figs. 233- 4; see also pp. 142,213 , fig. 191 B. 

Dunmore (Stirlingshire), pOllery, pp . 173, 182 (n. 33), figs. 173B, 
174A, B. 
Dunoon (Argyll) , p. 238 (n. 11). 
Dysarl (Fife), p. 230. 

Easdale (Argyll), p. 15 5, fig . 156A. 
Easl Cluden, New Bridge (Dumfriess hire), p. I, fig. xii. 
Easl Forlune (East Lothian) , pp. 201, 235, 238 (n. 49), figs. 236A , 237. 
Easl LOlhian: Musselburgh Gasworks, pp. 158, 178, 180, figs. 1780, 

179-80; Prestongrange, colliery and Cornis h beam pumping-engine, 
pp. 139, 154, figs . 139- 41 , 154A; see also pp. 30(n . 4), 55, 154,20 1, 
235,238 (n. 49), figs. 235-7. 

Edinburgh: Haymarket Railway Station, pp. 197,223-4, figs. 222- 4; Port 
Hopetou n, Union Canal, p. 192; Portobello, pOllery, pp. 171,173, 
fi gs . 171-2, 173A; see also pp. 3, 30 (n. 10), 103 , 158, 160, 182 
(n. 39), 197, 199,223,238 (n. 27), figs. 3, 106A- 0, 153A, 158-9, 
192C,193A-C. 

Edradour, Pit lochry (Perthshire), di stillery, pp . 31,44,56,58, figs. 31A, 
45C, 0, 56-60, 62A. 

Ekman , C 0, industrialist, p. 18 1. 
Eleclricily, see Power. 
Engineering-shops and foundries: Fairfield Shipbuilding Yard and Engine 

Works, Glasgow, pp . 124,126, figs . 124C, 125-8; Linthouse Engine 
Works , Govan, Glasgow, p. 121, figs. 121 C, 122- 3, 124A, B; 
Rando lph and Elder Engi neeri ng Works, G lasgow, pp. 116, 118, figs. 
11 8-20, 121A, B; Rose Street Foundry , In verness, p . 129 , fig s. 
129-30; see also pp. 101, 103, 116,204, figs. 102-3, 116- 17. 

Engineers: see Arkwrighl , Richard; Bage, Charles; Baird, John; 
Beard more, William; Blair , James F; Brown , Captain Samuel; 
Brunei, Isambard Kingdom; Carmichael, Ja mes and Coy Ltd.; 
Carswell , James; Condie, James; Corliss, George H; Corl , Henry; 
Creighlon , William; Cromplon , Samuel; Dredge, James; t-airbairn , 
Sir William; Fowler , John ; Handyside, Andrew and Co. Ltd.; Harvey 
and Co . , Hayle; Hodgkinson, Eaton; Juslice, John (Junior and 
Senior), Dundee; Kibble , James; Lowdon Bros and Co" Dundee; 
McConnell , R; Malhieson, Donald ; Miller, John ; Milchell and 
Neilson, Glasgow; Morlon , Robert, and Co.; Ra ndolph and Elder, 
Glasgow ; Rennie, John; Tale, James; Telford , Thomas; Tredgold, 
Thomas; Wall, James; Whilworlh, Robert. 

Engine-houses, pp . 68, 86, 132,139,154,176,182 (n. 2) . 
Engines a nd machines: pp. 131 -52; Arkwright's water-frame, p. 63; 

Corliss rocking valve, p . 142; Cornish beam pumping-engine, p. 139, 
figs. 139- 41; Crompton's spinning mu le, p . 63; Lowdon generator, 
p. 142, figs . 143B, C; Tate cut-out valve , p. 142, fig . 142C; Wall-type 
governor, pp. 132, 142, figs. 132-5, 143A. 

Beam-engines, pp . 130- 3, 136,139, 155, 182 (n. 2), figs. 13 1- 41; 
blowing-engines, pp. 10 1, 112; compound engines, pp. 68, 91, 11 8, 
129,142- 3, figs. 142- 3; cranes, pp. 116, 11 8, 121, 190, fig. 19 1A , B; 
gas-producing engines, pp. 176- 8, 182 (n. 14), fi gs. 176, InC, 

178A-C, 180A; pumping-engines, pp. 136, 139,154,155,182 (n. 2), 
figs. 136- 41; sheer-legs, p. 136, fig. 137. 

For gas-, horse-, steam-, water-, and wind-powered mechanisms, 
see Power; machinery associated with bridges, pp. 196,219, figs. 
192C, 196B, 218, 219A, B; brick-and-tile making, p. 169, fig . 167; 
distilling, pp. 36,4 1, 42,44,46,49, 51, 56, figs. 39, 40C, 41 B, 42C, 
44,450, 49C, 56(A), 57 (22), 59(8, D); linoleum manufacture, p . 68; 
marble-culling, p. 156, fig. 156C; net-making, fig. 97B; rope-making, 
pp . 95, 96, figs. 93B, 95B-D, 97A; smithies, pp. 1,20, figs. 20C, 
21A, C. 

Textile machinery (milling-machine), p. 73, fig. 72 (34), 
(transmission drives), pp. 68, 91, (unwinding machine), fig. 740, 
(water-wheels), pp. 63, 71, 84, figs. 65A, 66A, 70C, 72 (35), (beetling 
machines), pp. 151 - 2, figs. 151-2, (carding machines), p. 71, figs. 
71C, 72 (2,3), 74A, (dressing machines), p. 142, (looms), pp. 68, 73 , 
figs. 72 (5,6, 14,20,21,22), 75A, (piecing machine), pp. 71 , 145, 
figs. 71 A, C, 72 (4), 74A, 144- 7, (pirn winders), figs. 12 (7, 17), 74E, 
(slubbing bi ll y), pp. 73, 149-50, figs. 12 (1 I), 73A, 148-9, (spinning 
jennies), pp. 73, ISO , figs. 12 (12, 13), 150, (teasing machine), p. 71, 
figs . 71 A, 12(1). 

Treshing machinery, pp. I, 10, 12- 14. 
Evanlon (Ross and Cromarty), p. 233. 

Fairbairn, Sir William , engineer, p. 103. 
Fairbairn and Lillie, engineers, p . 63. 
Fairfield Shipbuilding Yard and Engine Works, Govan, Glasgow, pp. 124, 

126, figs. 124C, 125-8. 
Farming indusl ries, pp. 1-21,30 (nn. 1- 27), figs. xii, 1-21. 
FergusHe Mills, Paisley (Renfrewshire), p. 68, fig. 69B. 
Fife: Kirkcaldy, Forth and Clyde Roperie, p . 96, figs . 95B-D, 96, 97A; 

Lower Largo, Cardy Net Manufactory, p. 99, figs. 97B- 99; see also 
pp. 68- 9, 230, fig . 69A; p. 154. 

Finzean (Aberdeenshire), p. 3. 
FiSh-curing slalion, Wick (Caithness), pp. 25, 30 (n. 30), fig. 25. 
Fishing induslries, pp. 4, 22-9, 30 (nn. 28- 33), figs. 22-30. 
Ford, Richard, and Company, ironmasters , p. 108. 
Forlh and Clyde Canal, pp . 192,219, figs. 218-2 1. 
Forlh and Clyde Roperie, Kirkcaldy (Fife), p. 96, figs. 95B-D, 96, 97 A. 
Forlh Railway Bridge, pp . 197 , 199, figs . 199, 200A . 
Forlh Road Bridge, p. 186. 
Foundries, see Engi neering-shops and foundries. 
Fowler, John, engineer, p. 224. 
Fox, Henderson and Co., ironfounders , p. 103. 
Fraserburgh (Aberdeenshire) , fig. 106E. 
Friock heim (Angus), rai lway viaduct, p. 227, figs. 226- 7. 
Furnace, Cra leckan (Argy ll), ironworks, pp. 101,114-15,160, figs. 114, 

115A . 

Garbell, Samuel, ironmaster, p . 101. 
Gardiner, Peter , p. 173. 
Ga rlogie (Aberdeenshire): beam-engine, pp. 131 -3, figs. 131 -5; woollen 

mills, p. 63, fig. 64. 
Garnock Mill, Kilbirnie (Ayrshire), p. 68. 
Garve (Ross and Cromarty), p. 184, fig . 185B. 
Gas induslry, pp. 157-8, 176, 178, 180, figs. 157- 9, 167- 80. 
Gasworks: In veraray (Argyll), pp. 157 , 176,178, figs. 176-7, 178A- C; 

Musselburgh (Midlothian), pp. 158, 178, 180, figs. 1780, 179- 80; see 
also pp. 158, 182 (nn . 37, 39), fig. 157. 

Gemm il , W, surveyor, p. 62, (n. 4) . 
Gill ies, Oavid, manufacturer, p. 99. 
Girvan (Ayrshire), p . 182 (n. 37) . 
Glasgow: Fairfield Shipbuilding Yard and Engine Works, Govan, pp. 124, 

126, figs. 124C, 125-8; Forth and Clyde Canal, p. 219, figs. 220C, 
221; Houldsworth' s COllon Mill, pp. 68, 86, figs. 86-90; Linthouse 
Engine Works , Govan, p. 121, figs. 121C, 122- 3, 124A, B; Randolph 
and Elder Engineering Works , Govan, pp. 116,118, figs. 118- 20, 
121A, B; St Enoch Railway Station, pp. 199, 224, fig. 225; see also 
pp. 69, 103 , 198, 199,238 (n. 28), figs. 69C, 103C, 104, 198. 

Glass induslry, pp. 157, 174-5, figs. 174C, 0, 175. 
Glass-work, Alloa (Clack mannanshire) , pp. 157 , 174,182 (n . 34), figs. 

174C, 0,175 . 
Gleann Dubh , Morvern (Argyll) , p. 155. 
Glen Granl, Rothes (Moray), pp. 50, 51. 
Glenkinchie (East Lothian), p. 55 . 
Glen Kinglass (Argyll), pp. 101, 108. 
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Glenlivet, Minmore (Moray), pp. 32, 50, 54, 55, figs. 33 , 50B, 54A, E, 
550. 

Gourock Rope Work, Port Glasgow (Renfrewshire), p . 95, figs. 93- 95A . 
Grain-drying kilns, see under Kilns. 
Grain-mills, see under Horizontal mills, Horse-gangs and horse-mills, 

Water-mills and Windmills. 
Grangemouth (St irlingshire), p. 219 . 
Guisachan, Tomich (Inverness-shi re), dairy, pp . 16, 18, figs . 16- 18A. 
Gunpowder industry, p. 160, fig. 162. 

Handyside. Andrew, and Co. Ltd., engineers, p . 224. 
Harbours: Dunbeath (Caithness), fig. 190B; Keiss (Caithness) . pp . 4 , 25, 

fig . 24; Leith , fig. 191A , C, 0; Port Logan (Wigtownshire). p. 217, 
figs. 216- 17; see also pp. 4, 25, 26, 29 , 169, 192,238 (n . 11), figs. 
167A, 190A, 192A, B. 

Harvc)' and Co .• engineers, p. 139. 
Haymarket Railway Station. Edinburgh, pp. 197,223- 4, figs. 222- 4 . 
Hazeldine , William , ironfounder , p. 204. 
High Mill , Carluke (Lana rk shi re), gra in-mi ll and wind mill tower, pp. 10. 

12. fig . lOB. 
Hodgkinso n, Eaton, engineer , p. 103. 
Horizontal mills: Huxter, Mainland (Shetl and) , pp. 8, 10, fig . 9; see also 

pp. 1,6 1, fig. lOA . 
Horse-ga ngs and horse-mills: Co nisby. Islay (Argyll), thresh ing, p. 12, 

figs. 11, 12A; Quittlehead , Lumph anan (Aberdeensh ire), whin 
cru shing, p. 18, fig. 18B; West Gall aberry (Dumfriesshire), threshing, 
pp. 12,14, figs. 12B , C, 13; see also p. I . fi g. I. 

Horsepower. see Power. 
Houldsworth. Henry, ind ust ri alist, pp. 68, 86. 
Houldswo rth's Cotton Mill. Glasgow, pp. 68, 86. figs. 86- 90. 
Hutton (Berwickshire), p. 186, fig. 187C, D. 
Huxt .. , Main land (Shet land) , pp. 8. \0. fig. 9. 
Hynish. Tiree (Argyll), p. 192. 

Ice- houses: Dunbeath (Caithness), p. 22, figs. 22A, 23; see also p. 25, 
fig. 24. 

Inl'hinnan (Renfrewshire), p. 201, fig. 20 1 B. 
Indust rialists: see Alexander. C laude; Arkwright, Richard; Bage, C harles; 

Beardmore, William; Brown . Robert; Cadell. William; Crompton, 
Samuel; Dale , David; Dempster , George; Garbett. Samuel; Gillies. 
David; Houldsworth , H; Nei lson, James; Roebuck . Or John ; St rutt . 
William; Templeton , James; Wallon , Frederick; Wilson . William. 

Inventors: see Archibald, Robert ; Arkwright , Ri chard ; Condie. James; 
Crompton , Samuel; Neilson, James; Wallon . Frederick; Watt, James. 

Inverara)' (Argyll), gasworks, pp. 157, 176, 178. figs . 176- 7, 178A- C. 
In verness: Rose Street, engineering shop and foundry, p. 129, figs. 

129-30; see also p. 189, fig. 189B- D. 
Inverness-shire : Auitnaslanach, railway viaduct, pp . 199,229, figs. 228- 9; 

Guisachan. Tomich, dairy, pp . 16. 18, figs. 16- 18A; see also pp. 101, 
184, 189, 194,238 (n. 18). figs. 185A, 189E, F, 194. 

Inverurie (Aberdeenshire). paper mills and acid-p roducing tower , pp. 160, 
181 , fig. 181. 

Iona (Argy ll ), p. 156, fig. 156B, C. 
Iron artefacts and products: pp. 101 - 3, figs. lOO- I, 103- 7; see also 

Bridges, Building and engineering construction, and Engines and 
mac hines. 

Ironfou nders and ironmasters: see Brotherhood , R; Cadell , William; 
Condie, James; Cort, Henry; Darby, Abraham; Ford, Richard; Fox 
and Henderson; Garbett, Samuel; Handyside, Andrew; Hazeldinc , 
William ; Kelly, Alexander; McConnell , R; Neilson , James; Roebuck , 
Or John; Stuttle, William. 

Iron-smelling works: 
Charcoal smelting: Bonawe (Argy ll ), pp. 101 , 108- 14, 115, figs. 

108- 13; Cralec kan, Furnace (Argyll ). pp. 101 , 114- 15 ,160, figs. 
114 , 115A;seealsopp.101, 108. 

Coke smel tin g: pp. 101 , 103 , 116, figs. 101 - 3, 115B, 11 6- 17. 
Islay (Argy ll ): Lagavul in , illicit still apparatus, p . 61, fig . 6 1; pp. 155, 192; 

see also Ardbeg; Ballygrant . illicit still ; Bowmore; Bridgend , woo llen 
mill and textile mach inery; Bruichladdich ; Bunnahabhainn ; Caollla; 
Con isby. horse-gang and threshing-machine; Duich; Lagavulin ; 
Laphroaig ; Port Charlottc ; Port Ellen. 

Isle of May , p. 190. 

Jubidale (Orkney), kiln-barn, p. 14, fig s. 14- 15 . 
Jura (Argyll), p. 61. 
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Justice and Co., Dundee, engineers, pp . 189,213. 
Jute, see Ropeworks. 

Keiss (Caithness), harbour , pp. 4, 25, fig . 24 . 
Keith (Banffshire), tannery, pp . 3, 19, fig. 19A, B. 
Kelly , Alexander, iron master, p . 108. 
Kelp industry, p. 163, figs. 163A, B. 
Kelvinhead (Stirlingshire) , p. 197. 
Kennedy , Angus, engineer, p. 124. 
Kibble, James, architect and engineer, p. 103. 
Kilbirnie (Ayrshire) , p . 68. 
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Kilns: brick-burning, pp. 169, 182 (n. 28), figs. 169- 70; fish-smoking, 
pp . 26, 28-9, figs. 26, 28, 29A, B; grain-drying, pp. I , 4, 6, 8, 14- 15, 
30 (n. 4) , figs. 7,14-15; kelp-burning, p. 163, fi g. 163B; lime
burning, pp. 164-5, fi gs . 165- 6; pottery, pp. 157, 171,173, figs. 
172-3 ; see also under Distilling. 

Kincardineshire, p. 30 (n . 4) . 
Kippering-houses, pp. 26, 28-9, figs . 26- 30. 
Kirkcaldy (Fife): Forth and Clyde Roperie, p . 96, figs. 95B- D, 96, 97 A; 

see also pp. 68- 9, fig . 69A. 
Kirkconnel (Dumfriesshire) , p. 182 (n. 37). 
Kirkcudbrightshire: Southerness, lighthouse , pp. 190,214, figs. 214- 15. 
Kirkton (Peeblesshire), fig . 20A. 
Kirkton of Glenisla (Angus) , suspension footbridge, pp . 189,213 , figs. 

188, 189A. 
Knockando (Moray), p. 32. 
Knockdhu, Knoc k (Banffshire), p . 52 , fig. 52A. 

Lady Victoria Colliery, Newtongrange (Midlothian), p . 153, fig. 153B. 
Lagavulin, Islay (Argyll), pp . 36, 42 , 61, figs. 34B, 40C, 42C , 55B, 61. 
Lanarkshire : High Mill, Carluk e, gra in-mi ll and windmill-tower, pp . 10, 

12, fig. lOB; 'Larkha ll , beetling machines, pp. 151 - 2, figs. 151-2; New 
Lanark, mill s and vi llage , pp. 63, 78,81,84, 182 (n. 37), figs. 68A, 
76-82, 83A, B; see also pp . 3,154, 155, 157, fi gs. 2,157, 220A, B. 

Langholm (Dumfriesshire), Duchess Bridge, cast-iron footbridge, p. 186, 
figs. 186, 187A, B. 

Laphroaig. Islay (Argyll) , pp. 32, 34, 42, 50, 51, 54, 55, 62 (n. 4) , figs. 
32B, 34A, 35, 44C, 50A. 

Larkhall (Lanar kshire), beetling machines, pp. 151- 2, figs. 151-2. 
Leadhills (Lanarkshire), p. 155. 
Lead-mining indust ry, pp . 136, 155, fig. 154B. 
Leeds (Yorkshire), p. 86, fig . 89. 
Leiper. William , architect, p . 69. 
Leith. pp. 158, 182 (n . 39) , fi gs . 158, 191A, C, D. 
Lennoxtown (Stirlingshire), p. 3. 
Leuchars (Fife), p. 230. 
Lighthouses, beacons and navigatio nal aids: Port Logan (Wigtowns hire), 

p. 217 , fig s. 216- 17; Southerness (Kirkclldbrightshire), pp . 190, 214, 
fi gs. 21 4- 15; see also pp. 190. 192. 

Lime industry, pp. 154- 5, 164- 5. fig . 165 . 
Limeworks. Cra igend and MlIrrayshall , Cambusbarron (Stirlingshire), 

pp. 164- 5, fi g. 165. 
Linoleum industry, pp. 68- 9, fig. 69A. 
Linthouse Engi ne Works, Gova n, Glasgow, engineering shop , p. 121, 

fi gs. 121C , 122- 3, 124A, B. 
Lismore (Argyll), p. 155. 
Livingston Mill (West Lot hian), p. 30 (n. 8). 
Longmorn. Elgin (Moray), pp. 36. 50, 51, fig . 49C. 
Longside (Aberdeenshire), p. 235 , fig. 236B. 
Lowdo n generator, see Engines and machines. 
Lowcr Largo (Fife), networks, p. 99, figs. 97B-99. 
Luce Bay (Wigtownshire) , p. 235. 
Lybster (Ca ithness), pp. 26, 29 . fig s. 29A, 190A . 

McConnell, R, iron founder, p. 103. 
Machinery and machines, see Engines and machines. 
Machrimore , Kint yre (Argy ll) : gra in-mill, pp . 4, 6. 8, 20, 30 (nn. 15- 16, 

18), figs. 4- 7; smith y, p. 20, figs. 20A, C, 2 1. 
Marble-workings, p. 156, fig. 156B, C. 
Mathieson , Donald, engineer, p. 238 (n. 28). 
May, Isle of, p. 190. 
Meat-markets, pp. 3, 30 (n . 10) , fig. 3A, B. 
Melfort (Argyll), p. 160, fig. 162. 
Melrose (Roxburghshire), fi g. 107A- C. 
Midlothian , pp . 153- 4 , 182 (n . 14), fi g. 153B. 
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Miller, John, engineer, p. 223 . 
Millport, Great Cumbrae (Buteshire), p. 182 (n . 37). 
Mills and milling: see under Building and engineering construction; 

Horizontal mills; Horse-gangs and horse-mills; Paper mills; Textile 
mills; Water-mills; Whin-mills and Windmills. 

Millstone quarries, p. 156, fi g. 1560. 
Millstones, pp . 1, 4,6, 8, 10, 44, figs . 2A, 5, 7- 9. 
Minerals: bituminous, or ' cannel' coal, p. 158; black band ironstone, 

p. 155 ; clay , pp. 156- 7, 167, 171 , 173 ; coal , pp . 153-4, 155 , 157, 158, 
163 , 164, 169,171 , 173,174, 176; fl agstone , p. 155; gold, p. 155; 
granite, pp . 155, 160, 181; iron ore , pp . 108, Ill , 11 2, 114; lead, 
pp. 155, 181; limestone, pp. 154- 5, 164, 181 ; millstone, p. 156; salt 
(marine), pp. 154, 163-4; sandstone, p. 155; silica, p. 157 ; silver, 
p. 155; slate, p . 155 ; soda , p. 157; see also Building and engineering 
materials. 

Mines and mining: 'cannel' coal, p. 158; coal, pp . 153- 4, 157, 163, fig. 
154A; lead, p. 155, fi g. 154B; limestone, pp. 164-5, fi g. 165; shale, 
p. 158 , figs. 160- 1. 

Mitchell and Neilson, engineers, p . 133 . 
Moffat (Dumfriesshire) , p. 182 (n . 37). 
Monkland Canal , Glasgow, p . 21 9. 
Montrose (Angus), aeroplane hangars and airfield , pp . 20 1, 230, 232 , fig s. 

230- 2. 
Moray, pp . 30 (n. 7), 32, 36, 41 , 42,50, 51,52,55 , fi gs. 36B, 41 B, C , 

43B, 46A, 47, 51. 
Mortiach , Duff town (Banffshire), pp. 32, 51. 
Morton , Ro bert , and Co ., engineers, p. 56. 
Mull of Kintyre (Argyll) , p . 190 . 
Murrayshall , Cambusba rron (Stirlingshire), limeworks, pp . 164- 5, figs . 

165A, 166. 
Musselburgh (Midlot hian), gasworks, pp . 158, I7S , ISO , figs . 1780 , 

179- 80. 

Neilson , James , ironmaster , pp . 103 , 155. 
Ness Island, Inverness, p . 189, fig . 189B- D. 
Nether Horsburgh (Peeblesshire) , fig . 20A. 
Nether Pirn , Innerleithen (Peeblesshire), fig. I . 
Netherwood Lime Works, p. 219. 
Networks, see Cardy Net Manufactory. 
New Cumnock (Ayrshire), grai n·m ill and mi llstones, p. 8, fig. 8. 
New Lanark (Lanarkshire) , cotton mills and village, pp . 63 , 7S , SI, 84, 

figs. 68A, 76- 82, 83A, B. 
Newtongrange (Midlot hian), pp . 153- 4, fig. 15313 . 
Newton House, Millerhi ll (Midlot hian), p . 182 In . 14) . 
Newton Stewart (Wigtownshi re), p. 182 (n. 37). 
Nith Navigation Commission, p. 214. 
Norse mills, see Horizo ntal mills. 

Oakbank (West Lothian) , p . 158, fig. 160. 
Oak fi eld (Argyll), Crinan Canal, swing-bridge , p . 196. 
Oban (Argyll), p. 44. 
Orkney: Jubidale, kiln ·barn, p. 14, figs. 14- 15; see also pp . 163, 235,238 

(n. 48), fig. 235. 
Owen, Robert , industrialist , p . 78. 

Paisley (Renfrewshire): At lantic and Pacific Mi lls, COllon th read , pp . 68, 
91 , fi gs. 91- 2; see also p. 68 , fig. 69B . 

Paper-making industr)', p . 160 . 
Paper-mill, Inverurie (Aberdeenshi re), pp. 160, ISI; ac id-produ cing tower , 

p. 181, fig. 181. 
Peebles, p. 30 (n. 10) , fig. 105e. 
Peeblesshire : Carlops, COli on-weavers' COllages, pp . 63 , 70, fi g. 70A , B; 

see also pp. 30 (n . 10) , 153, figs . I, 20A , B, 105C . 
Perth Waterworks, p. 103, fig. 105A, B. 
Perthshire: Bridge of Earn, old bridge , pp. 183, 203, fi gs. 202-3 ; 

Edradour, Pit lochry. di sti llery, pp. 31 , 44 , 56, SS , fi gs. 31A , 45C, 0 , 
56-60, 62A ; Haughs of Drimmie, suspension bridge, pp . 186, 213- 14, 
figs. 212- 13; Stanley , COli on mills and village, pp . 63 , S4, figs 83C, 
84- 5; see also pp . 63, 68, 103 , fi gs. 67, 105A, B. 

Petrol, see Power. 
Piers: pp . 25 , 32, 169,2 17, 238 (n . 11) , figs. 24 , 21 6- 17; see also 

Harbours. 
Plas Kynaston (Denbighshire), p . 204 . 
Port Charlotte, Islay (Argyll), fig. 52B . 
Port Downie, Camelon (Stir lingshi re), p. 192. 

Port Dundas, Glasgow, p. 219, fi g. 220C. 
Port Ellen, Islay (Argyll) , pp . 41, 52, 55, fi gs. 38A, 39, 43A, 53A, 54B, 

55C . 
Port Glasgow (Renfrewshi re) , p . 95 , fi gs . 93- 95A . 
Port Hopetoun, Edinburgh, p. 192. 
Port Laing (Fife), p. 232. 
Port Logan (Wigtownshire). pier and lighthouse, p. 217 , fi gs. 216- 17 . 
Portmahomack (Ross and Cromart y) , pp. 4, 238 (n . 11). 
Port Nessock (Wigtow nshire), see Port Logan. 
Portobello , Edinburgh , pOll ery, pp . 171 , 173, fi gs. 17 1- 2, 173A . 
Portpatrick (Wigtow nsh ire), p . 190. 
Potteries, pp. 171 , 173, 182 (n . 33), figs . 171- 3, 174A , B. 
Power: diesel , pp . I , 169; electricity, pp. 12, 51, 171, 224 , fig. 192C; gas, 

pp . 156, 174, 176, 182 (n. 14); horse , pp. 1,3 ,11 - 14, 18, 131 , 136, 
197; petrol, pp. I, 182(n . 14); steam, pp . I , 12, 32, 51,63,68, 86, 
91, 101, 131 , 139, 142 , 169, 171, 191; water, pp . 1, 3, 4- 10, 51, 56, 
63 ,68, 71 , 84, 112, 131, 136, 145, 155, 160 , 191, 192; wind , pp. I, 10. 

Prestongrange (East Lothian) , pumping engine, pp. 139, 154, fi gs. 139- 41 , 
154A. 

Preston Island (Ri ver Forth) , p. 182 (n . 3) . 
Preston Mill (East Lot hi an), p . 30 (n. 4) . 
Pulham (Norfolk) , p . 235 . 
Pulteneytown, Wick (Cait hness), pp. 26 , 28-9, fi gs. 28, 29 B, C, 30 . 

Quarries: clay, p. 167 , fig. 167B; granit e, p. 160; marble , p. 156, fig. 
156B, C; mill stone, p. 156, fi g. 1560 ; slate, p . 155 , figs. 155, 156A. 

Quittlehead, Lu mphanan (Aberdeenshire), whin-mill , p . 18, fig. 18B. 

Railway stat ions: 
Edinburgh: Canal Street , p. 238 (n . 27); Genera l (rena med Waverley) , 

pp . 197,223 , fi g. 197; Haymark et , pp . 197, 223- 4, figs. 222-4 ; 
Waverley, pp . 197,223 , fi g. 197. 

Glasgow: Central, p. 238 (n. 28), fig. 198A ; Queen Street, p. 199, 
fig. 198B, C; St Enoc h, pp . 199, 224 , fig. 225. 

Lond on : St Pancras, p. 224. 
Moy (Invern ess-shire), p . 229 . 
Taynuilt (Argyll), fi g. 2ooB- D. 
see also under Building and engineering construction. 

Randolph and Elder Engineering Works, Glasgow, "p. 116, liS , figs. 
11 8-20, 121A , B. 

Renfrew (Renfrews hi re), p. 103. 
Renfrewshire: Pa isley, At lantic and Pacific Mills, pp. 68, 91, figs. 91- 2; 

Port Glasgow, Gourock Ro pe Work, p. 95, figs. 93A, 94, 95A; see 
also pp. 68, 100 (n . 4), 103, 20 1, figs. 69B, 20 1B. 

Renni., John , engineer, p. 217. 
Rinns of Islay (Argyll), p. 192. 
Roads, pp . 183- 4. 
Roebuck, Or John , industria list , p. 10 1. 
Ropeworks: Fort h and Clyde Roperie, Kirkcaldy (Fife), p. 96 , figs. 

95 B-D, 96, 97A; Gouroc k Rope Work, Port Glasgow (Renfrews hire), 
p. 95, fi gs. 93-95A. 

Ross and Cromarty, pp. 4, 184, 238 (n. 11 ), figs. 184, 185B. 
Ross and MacBeth , Inver ness , a rchitects and engineers, p. 129. 
Roth.s Glen Hotel (Moray), p. 30 (n . 7). 
Roxburghshire, p. 155, fig. 107. 
Royal Lochnagar Distillery, Crat hie (Aberdeenshire), pp. 32, 44, 55, figs. 

32A , 44A, 55A . 
Ryhope Pumping Station (Co. Du rham), p. 152 (n . 2). 

St Devenick Bridge, Cul ts (Aberdeenshi re). suspension footbridge , 
pp . 186, 209, 238 (n. 32), fi gs. 209- 11. 

St Enoch Railway Station, Glasgow, pp. 199, 224, fig. 225. 
Salford Twist Mill , Manchester, p . 86. 
Salmon-bot hies, pp. 22 , 25, fi gs . 22B-D, 23. 
Salt-wo rks, pp. 154, 163- 4. 182 (n. 3). 
Shale-wo rks and bi ngs, p. 158 , figs. 160- 1. 
Shetland : Hu xter , Main land, pp . 8, 10, fig. 9; fig. lOA. 
Shipbuilding yards, pp. 12 1, 124 , 126,1 90, figs. 12 1C , 122- 8. 
Shirva (Du nbarto nshire), p. 2 19. 
Skeoc h Mill . Bann ockbur n (Sti rlingshire), p. 68, fig . 66B, e. 
Skerryvore . Tiree (Argyll ). p. 192. 
Skipncss, Kint yre (Argyll), p. 61. 
Smith, Joh n, architect, p. 209. 
Smit hies. pp. 3. 20 . 11 2, figs. 20- 1, 11 0. 
Southerness (K irkcudb rightshire), lighthouse, pp. 190,2 14. figs. 214- 15. 
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Spence, William, architect, p. 118. 
Speyburn, Rothes (Moray) , pp. 36, 51,55, fi gs. 36B, 51B. 
Spinningdale (Sutherland), p. 63, fig . 63 . 
Stanley (Perthshire), cOllon mills, pp. 63, 84, figs. 83C, 84-5. 
Stannergate, Dundee, seaplane-station and flying-boat hangar, pp. 201, 

232-3, figs. 233-4. 
Steam power, see Power. 
Stephen, Alexander and Sons, engineers and shipbuilders, p. 121. 
Stirling Old Bridge (Stirlingshire), fig. 183. 
Stirlingshire: Craigend, limeworks, pp . 164-5, fig . 165B; Dunmore, 

pOllery, pp . 173, 182 (n. 33), figs. 173B, 174A, B; Forth and Clyde 
Canal, pp. 192, 197 , 219, fig. 193D, E; Murrayshall , limeworks, pp. 
164-5, figs. 165A, 166; see also pp. 3, 63 , 68, 101, 103, 116,153 , 156, 
184,192, 197,219, figs. 66B, C, 68B, 100-3, 115B, 116-17, 183 . 

Strontian (Argyll), p. 155. 
Strutt, William, engineer and industriali st, p. 86. 
Stuttle, William, engineer, p. 204. 
Sutherland, pp. 63, 204 , fig. 63 . 

Tadcaster (Yorkshire), p. 232 . 
Tamdhu, Knockando (Moray), pp. 32, 36, fig . 47. 
Tangy, Kintyre (Argyll), pp. 1,4. 
Tanneries: Keith (Banffshire), pp. 3, 19, fig. 19A, B; see also pp. 3, 30 

(n. 26), figs. 3C, 19C-E. 
Taynuilt (Argyll), fig. 200B, D. 
Telford, Thomas, engineer, pp. 25 , 184,204. 
Templeton, James, industrialist, p. 69. 
Templeton's Carpet Factory, Glasgow, p . 69, fig . 69C. 
Textile mills: pp. 63-100; Atlantic and Pacific Mills, Paisley 

(Renfrewshire), COllon, pp. 68, 91, figs. 91-2; Avonbank Bleach and 
Dye Works, Larkhall (Lanarkshire), pp. 151-2, figs. 151 - 2; Bridgend, 
Islay (Argyll), woollen, pp. 71,73, 145 , 149- 150, figs. 70C, 71-5, 
144- 50; Garlogie Mills (Aberdeenshire), woollen , pp . 63, 131 , fig. 64; 
Houldsworth's COllon Mills, Glasgow, pp. 68, 86, figs. 86-90; New 
Lanark (Lanarkshire), cOllon, pp. 63 , 78-81, figs. 68A, 76-82, 83A, 
B; Stanley (Perthshire), COllon, p. 63. 

Carpet, p. 69, fig. 69C; COllon, pp . 63, 86, 91, figs. 63, 65, 66A; 
flax, pp. 68, 86, figs . 67, 89; hemp, jute, pp. 68,142, figs. 67,142-3; 
linen, p. 68, fig. 69B; linoleum, pp . 68- 9, fig. 69A; thread, 
pp. 68, 91 , fig. 69B; woollen, p. 68, fig. 68B. 

Threshing-mills: Conisby, Islay (Argyll), pp. 3, 12, figs. 11 , 12A; High 
Mill, Carluke (Lanarkshire), p. 10; West Gallaberry (Dumfriesshire), 
pp . 12, 14, figs. 12B, C, 13 ; see also fig. I. 

Thurso (Caithness), kippering-houses, p. 26, fig. 27A. 
Tileworks, see Brick and Tile Works and Building and engi neering 

materials. 
Tiree (Argyll), pp. 163, 192, fig. 163A, B. 
Tochieneal Brickworks (Banffshire), p. 182 (n. 28). 
Toll-house, fig . 184C. 
Torbrex (Stirlingshire), p. 63. 
Train-sheds, pp. 223-4 , figs. 198B, 222, 224-5. 
Tredgold, Thomas, engineer, p. 103. 
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Union Canal , pp . 192, 194, 197, figs . I92C, 193A-C. 
Union Suspension Bridge, HUllon (Berwickshire), p. 186, fig. 187C, D. 

Viaducts, see Bridges. 

Wago n Way, p. 197. 
Walton's Linoleum Factory, Kirkcaldy (Fife), pp. 68-9, fig. 69A. 
Wanlockhead (Dumfriesshire) : beam-engine, p. 136, figs. 136-8; lead-

mining, p. 155 , fig. 154B. 
Warehouses, pp. 25, 52, figs. 24, 53A, B. 
Water-mi lls: Huxter, Mainland (Shetland), hori zontal, grain, pp . 8, 10, 

fig. 9; Machrimore, Kintyre (Argyll), vertical, grain , pp. 4, 6, 8, 20, 
30 (nn. 15- 16, 18), figs. 4- 7; New Cumnock (Ayrshire), vertical, 
grain, p. 8, fig. 8; see also pp. I, 3,4, 30 (nn. 4, 8), figs. xii, 2 and 
Textile mills. 

Water power, see Power. 
Waterworks, Perth, p . 103, fig . 105A, B. 
Watt, James , engineer, pp. 101, 103 . 
Waverley Railway Station , Edinburgh , pp. 197,223, fig. 197. 
Wellington Bridge, Aberdeen, p. 209. 
West Calder (West Lothian), fig . 161A. 
West Freugh (WiglOw nshire), p. 233. 
West Gallaberry (Dumfriesshire), horse-mill, pp . 12,14, figs. 12B , C, 13 . 
West Lot hian, pp. 30 (n. 8), 158 , 163, figs. 160-1. 
Whi n-mills: Quittlehead, Lumphanan (Aberdeenshi re), p . 18, fig. 18B; see 

also pp. 3, 30 (n . 25). 
Whitehills (Banffshire), pp . 157, 167, 169,238 (n . 11), figs. 167-70. 
Whitworth, Robert , engineer , p. 219. 
Wick (Caithness): fish-curing station, pp. 25, 30 (n. 30), fig . 25; harbour , 

pp . 4, 25, 26; kippering-houses, pp. 26, 28- 9, figs. 26, 27B, C, 28, 
29B, C, 30. 

Wigtownshire: Port Logan, pier and lighthouse, p. 217, figs. 216-17; see 
also pp. 182 (n . 37), 190,2 17,233,235. 

Wilson , Wi lliam, indust rialist, p. 68. 
Windmills: High Mill, Carluke (Lanarkshire), pp. 10, 12, fig. lOB; see 

also p. I. 
Wind power, see Power . 
Woollen mill , Bridgend, Islay (Argyll) , pp. 71,73, 145, 149- 50, figs. 70C, 

71-5,144-50. 
Workers' housing, pp. 63, 68, 70, 73, 81, 84, 108, 114, 164, 173, figs . 

66C, 70A , B, 76-8, 81B, C. 82, 83A, B, 108, 156A, 160B, 163C. 

Yatesbury (Wi ltshire), p. 232. 
Young, James, p. 158. 
-- ?J, surveyor, p. 62 (n . 4). 
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