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1   SUMMARY 

This report presents the results of the first stage of a research project into traditional earth 
mortars, funded by Historic Environment Scotland, and comprised a desk-based assessment 
of the extent, characater and significance of historic earth mortars in Scotland, and an 
assessment of the condition of conservation practice relating to them. 
 
Earth mortars are here defined within a wider family of traditional earthen materials and other 
kinds of mortar, though the edges that define the tradition are imprecise and there is a 
question over how relevant achieving clear definitions is to practice in the field. 
 
Earth mortar has been used since the first masonry buildings were built in Scotland and up 
until the 19th century. This is a tradition encompassing some 5,500 years that transcends 
cultural eras, building typologies and extends beyond the end of vernacular procurement. 
There is currently a poor level of documentation to understand these uses and transitions. 
 
The main cultural significance of earth mortar is as a long-standing and geographically 
extensive vernacular tradition. The diversity of soils, climate and stone across Scotland 
resulted in a rich diversity of earth mortared masonry, reflected in regionally varied materials, 
construction technique, building form, and construction skills. This tradition thereby 
documents a key characteristic of Scottish vernacular built culture, the close local relationship 
of people to place, which gradually decayed between 1740 and 1900. 
 
The understanding, documentation and conservation of earth mortared heritage is impeded 
by poor identification, inaccurate recording, lack of training and guidance, and a pervasive 
cultural bias against earthen materials, which originates in elitist attitudes from the 18th and 
19th centuries. 
 
The Scottish tradition of earth mortars is part of a vast global cultural heritage, but there is 
not currently a strong international network specifically on earthen mortars. There is also a 
context of the use of earth mortars in contemporary eco-construction, reflecting its low 
carbon, and circular economy characateristcs. This has strong potential to support the 
increased use of earth mortars in a heritage context in pursuit of a national transition to zero 
carbon construction in Scotland by 2045. 
 
The report maps 396 individual earth mortared structures in Scotland, approximately 2% of 
perhaps 200,000 which are guestimated to exist. The poor level of recording impedes 
understanding. These sites have been included on an online GIS map. 
 
The report lists 119 relevant publications of which 14 are identified as key documents. 
 
58 people volunteered to form a cross-sector international network to guide this research 
project. The first meeting of the Network will review this report and guide the next stage of 
research. 
 
The report makes 29 general recommendations of actions to develop this field and 12 specific 
actions of the next stage of this project. These include further desk and field research to 
better understand the heritage, cross-sector training and guidance to improve skills, 
knowledge and competence, exemplar projects and fostering of the network. 
 
 
 
 

 

City Centre 
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2   INTRODUCTION 

This section outlines the aims and process of the research project. 

2.1 Background 

Over the last 20 years there has been growing awareness of the important role that 
earthen materials hold in the built vernacular cultural heritage of Scotland. Within the 
family of earthen materials, earth mortars are known to have been used extensively 
across Scotland, but they have not been well documented, technically understood or 
supported by technique and skills in practice. 

 
In 2018, the Tay Landscape Partnership identified a significant number of earth-
mortared structures in the Carse of Gowrie and developed a range of desk-based and 
field processes for identification. Over the last 10 years, repairs at individual sites in 
Scotland and Northumberland have helped develop materials understanding and 
conservation technique.  

 
At the same time, the development of materials, knowledge and skills in the use of 
earth mortars for contemporary construction has been increasing, especially in 
mainland Europe, as part of the transition to construction processes with lower 
environmental impact, of which Conservation is part. 
 
Historic earth mortars are found across the world and there is ongoing potential for 
Scotland to work within the context of a European and global knowledge and skills 
community. 

2.2 Aims of the Research Project 

The general aims of this research project are: 

1. To better understand Scotland’s earth mortar heritage. 
2. To better document Scotland’s earth mortar heritage. 
3. To better understand the materials science of earth mortars. 
4. To improve processes of identification and recording. 
5. To improve repair techniques. 
6. To develop a network to support knowledge and practice. 

This report summarises the first phase of research, which was commissioned by 
Historic Environment Scotland to: 

1. Assess the baseline of current knowledge. 
2. Assess the extent, character and significance of Scotland’s earth mortar heritage. 
3. Assess current conservation practice. 
4. Develop a stakeholder network. 
5. Recommend priorities for further research. 

2.3 Research Activities 

 This was a desk-based research stage, based on currently available information. 

2.3.1 Survey of Sites 

Searches were made of online archives and other public internet sources to identify 
specific sites within Scotland with confirmed earth mortar. Information was also 
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provided by the project network. This identified 396 individual earth-mortared 
structures. 
 
These sites include standing buildings, ruins and archaeological sites where there are 
no standing remains above ground. This broad inclusion is in order to best interpret 
the historic patterns through available evidence, and the different classifications are 
available as subsets of data. 

 
The team recognise that this is only a very small proportion of Scotland’s earth 
buildings, and this led to a focus on mapping and interpretation of these results, 
rather than documenting them in individual audit form, as was done for the Tay 
Landscape Partnership and the Thatched Building Survey, where a smaller number of 
specific buildings were catalogued. 
 
The database of 396 sites is summarised in this report as Appendix 1 and intended 
to act as a live record, increasing as sites are notified. 
 
The sites were added to an online GIS digital mapping system, as a tool for analysis 
and communication. This can be accessed at http://www.mapping.earthtecture.co.uk 

2.3.2 Knowledge Baseline 

Searches were made of print and online publications to identify specific knowledge 
resources relating to earth mortars generally, and specifically to those in Scotland in 
order to understand the current national knowledge base and how this relates to the 
global knowledge context. The network also provided resources. 
 
A total of 119 publications were read by the team, of which 14 related specifically to 
Scotland. It was felt that 11 were documents imparting highly relevant information. 
and these are identified in the bibliography contained in this report as Appendix 2. 
 
Electronic copies were obtained, where possible, as the basis for a publicly-accessible 
online resource. 

2.3.3 Network 

A total of 510 individuals and organisations were contacted, 74 within Scotland. 58 
responded asking to be part of the Network and around 20 gave substantive 
information based on their experience. A virtual meeting of the network was held on 
26.04.2022 to review the draft report and recommendations for further research, with 
comments incorporated into this version.  

 
It is intended that the responders shall form the basis of an open sector Network to 
guide and disseminate work in this field. The current network of 58 includes 12 
archaeologists, 12 architects, 13 contractors, 4 engineers, 5 scientists and 4 
surveyors. 
 
The Network list is included as Appendix 3. 
 

  

http://www.mapping.earthtecture.co.uk/
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3 HERITAGE ASSESSMENT 

What do we know about the historic use of earth mortars in Scotland?  
 
This section presents the results of research to understand when, where, how and why earth 
was used as mortar in Scotland. While we recognise that the evidential record is patchy and 
that technical information is rarely available, the authors feel that sufficient information has 
been gathered to make an overview assessment of the patterns of this material heritage, to 
consider its significance, and to identify areas that merit further investigation. 

3.1 What are Scottish Earth Mortars? 

Before we can begin this assessment, we need to define our research parameters, 
whereupon immediately a level of imprecision becomes inevitable. The general 
principles adopted to guide the project are outlined in the following sections. 

3.1.1 What is Mortar? 

Mortar n a mixture of cement, clay or lime, sand and water which eventually sets hard and is 
used by masons and bricklayers for making joints between stonework and brickwork; orig used 
to describe clay soil which was used for similar building purposes; the strong clay was carefully 
tempered with sharp sand and gravel or could be beaten with a mixture of hot lime. 

Pride, G.L. 1996, Dictionary of Scottish Building. The Rutland Press.  
 

We take mortar to be a malleable material used in the spaces between masonry 
elements (stone predominantly, but also brick and other materials). We note that earth 
mortars were not necessarily tempered or mixed with hot lime, and that the dictionary 
definition above therefore does not accurately describe the entire tradition.  
 
Such mortar can be found in walls, vaults, bridges and any other masonry structures. 
Our research to date has predominantly documented building and enclosure walls. 
 
The term mortar has been used historically in Scots construction terminology to 
denote a material that has a wider range of applications, including daubs, renders, 
plasters, tile bedding, etc. and indeed some deposits of clay-rich soil have historically 
been described as ‘mortar’ while in the ground. These are not what we mean by 
mortar in this research, though we have used the knowledge contained in these 
contexts, where relevant. 

3.1.2 Where is Scotland? 

Sites are only recorded where they are geographically located in contemporary 
Scotland, though we have considered relevant information on sites located elsewhere, 
especially in Northumbria, Cumbria and Ireland, where vernacular material heritage 
can be very similar to parts of Scotland. For clarity, we have not included sites built by 
Scots outside Scotland, although these may represent the application of Scottish 
techniques and knowledge.  
 
We have used as wide an international knowledge base as possible, in order to inform 
our understanding of the context of Scottish heritage and practice, and in doing so 
have tried to identify any relevant parallels and distinctions. 

3.1.3 What is Earth? 

By earth we mean naturally occurring soils. These are predominantly subsoils from 
below the surface layer of living and decomposed plant and animal organic matter. 
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Scotland has a very diverse variety of natural subsoils, most of which have been put 
to use as mortar at some point. 
 
Earth used as mortar can be naturally occurring, or it can be blended to change its 
performance, typically to vary the amount of clay which acts as the binder, or to vary 
the proportion of mineral particles to affect its workability, strength and durability. 
 
Other non-earth materials that were sometimes traditionally added to earth mortars 
include animal dung, straw and hair. These still count as earth mortars as they 
enhance, rather than fundamentally change, the materials nature and performance. 
 
Lime does fundamentally change the nature and performance of earth mortars and 
this can happen in a number of circumstances within the Scottish tradition, as outlined 
below.  
 
Some soils, occurring where limestone is the parent rock, have a natural calcareous 
content and mortars made with these soils can have a natural chemical interaction 
between the lime and clay. These are earth mortars, though they are a small part of 
the Scottish tradition. 
 
There is a significant tradition of small amounts of quicklime being added to earth 
mortars to improve their bond, plasticity, durability and to enable masons to increase 
the amount built in a day by having a faster initial stiffness. Adding lime fundamentally 
changes the chemistry of the mortar. Most importantly, it reduces the earth mortar’s 
natural plasticity relationship to water, which is what enables them to be fully recycled 
without adding more binder, and it significantly increases the materials embodied 
carbon. The kind of composite mortars are widespread in the Scottish tradition and a 
better understanding of their development and chemistry would help to understand 
the heritage of earth mortars. Therefore, we have included investigating them within 
our the scope of research, and we have classed these as earth-lime mortar. 
 
There are also weak lime mortars made with unwashed sands or sandy soils that 
contain clay. This would have been a low-cost process using local materials and 
achieves a similar chemical condition as earth-lime mortars. In field surveys, it can be 
impossible to distinguish these from earth-lime mortars without laboratory testing, 
but for the purposes of this research we class these as weak lime mortars and exclude 
them from the research. Undoubtedly interesting and extensive, they are the scope 
for a different research project. 

3.1.4 Things We Don’t Say 

In the course of this research, we found a range of terms in frequent use that are 
either inaccurate or misleading and so we do not use them in our research unless 
quoting other sources. These terms include: 
 
‘clay mortar’  clay is a key mineral constituent and binding element in earth 

mortars defined by chemistry and/or particle size, but occurs 
along with other particles, thereby becoming ‘earth.’ 

 
‘clay bonded’ this is a term frequency encountered in descriptions by 

archaeologists, but is insufficiently precise for the reasons 
given above. 

 
‘improved mortar’ this term is often used when lime is added to earth mortar, but 

makes assumptions about their relative qualities that are not 
helpful and imply a hierarchical view of materials. We generally 
use the neutral term ‘altered’ when materials are changed. 
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‘lime-stabilised’ this term implies that mortars without lime are unstable. 

3.2 Where are Scotland’s Earth Mortars? 

 
Fig. 2 shows the geographical distribution of the 396 recorded sites. What does this 
tell us? 

 
First, it is important to recognise that it does not show the intensity of distribution. 
The project’s collection of site data is very uneven across the country, as it mainly 
originates from individuals who were minded to record earth mortar and who often 
operated in a particular geographical area. This creates specific clusters of sites, the 
main one being the Tay Landscape Partnership area, which conducted a specific search 
for earth materials and individually recorded earth mortar as a material. This one 
relatively small area contains 146, or 37%, of the recorded sites. 
 
What it does tell us is that earth mortars occur across the whole country but that 
recording is uneven. Where surveys in a local geographical area have specifically 
looked for earth mortar and systematically recorded them, then a large number are 
identified.  
 
We can therefore, to some extent, extrapolate those intense local results where a 
focused search has been undertaken, to the whole country, where there is a widescale 
presence recorded at low intensity given a non-systematic identification process. 
 
However, caution is required as the TLP area was the focus of a detailed survey 
because it was known to be a place where vernacular buildings had been built using 
earth materials, so it is reasonable to extrapolate that intensity nationally? Perhaps, 
because when we look elsewhere, we see all kinds of clay-rich or clay-poor mortars 
made from of all kinds of subsoils. 

 
The TLP Survey was instigated primarily to record mudwall buildings and recorded 
other earth materials in parallel. The survey results for earth mortar were different, 
the Report stating: 
 
‘This map [Fig. 4] shows the 141 surviving and 22 lost buildings recorded with clay 
masonry, making clay mortar the most common earth material, and found 
throughout the area. These include 72 surviving and 1 lost where earth mortar was 
the main construction and the 69 surviving and 21 lost mudwall buildings where clay 
mortar formed the masonry plinth, protecting the mudwall from damp, requiring only 
a small amount of stone to be sourced.  
 
The sites include the 2 high status medieval buildings that survive to show the use of 
clay mortar alongside lime in that period. Elsewhere, most of the buildings date from 
the 18th and 19th centuries, when many improved houses were built using mostly clay 
mortar, sometimes with added lime, and usually with lime pointing. Blank locations 
tend to reflect the difficulty in obtaining survey data, rather than a local absence of 
examples. 

 
This distribution shows that the benefits of clay materials were sufficiently widely 
recognised by professional builders to merit sourcing and transport materials some 
distance, and that their material properties were well enough understood to combine 
with other materials in designed, commercial construction projects. However, where 
clay soil was abundant and stone scarce, mudwall was preferred and masonry used 
sparingly.’ 
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Fig. 2: Earth Mortar Site Map, extracted 22.04.2022 
 

TLP Area 
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Fig. 3: Scotland’s soils map, with earth mortar sites. 
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Fig. 4: Map of earth mortared structures in the Tay Landscape Partnership area. 

 
 
This conclusion suggests that the presence of mudwall buildings reduced the amount 
of earth mortar, rather than increased it, though the quality of clay earth available also 
meant that earth mortar was transported to where stone was abundant. This is 
demonstrated in Fig. 4, which correlates earth mortared buildings with clay soils, 
showing earth mortars were used where there were buildings, rather than where there 
were clay soils. It is also noted that soils that are optimal for mudwall tend to be too 
clay-rich for optimal earth mortar. 
 
Fig. 3 shows the national map of sites correlated against general soil types, and shows 
that earth mortared buildings are found across the country, and across all soil types. 
This reinforces the conclusion that earth mortar is found wherever there are traditional 
buildings, rather than wherever there are clay-rich soils. This is the principal finding 
of our mapping research.  
 
Having said that, well-graded clay soils would have been used where these were 
available according to local knowledge and this is often in quite localised deposits not 
indicated in this scale of map. The relationship of the diversity of soils to mortar 
performance is discussed in section 3.3.  

 
There are some other comments worth making about the geographical distribution 
shown in Fig. 2. 

 
The map would appear to suggest a correlation to coasts and river locations where 
fluvial and estuarine clays can be deposited, but we feel this is probably misleading 
and is likely to simply represent a correlation to traditional settlements, which tend to 
be located in these locations in relation to early transport routes. There may then be 
an indirect relationship between good earth mortar soils and agricultural soils. 
 
The map would appear to suggest a lack of earth mortar in the Central Highlands and 
North Scotland, Shetland and the Outer Hebrides. We feel this represents a lack of 
available recorded data rather than an absence of earth mortar. It is our 
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recommendation that further information should be sought on sites in these areas to 
clarify this. 
 
The map does not indicate a correlation between the location of earth mortar and 
rainfall or other climatic factors. 

 
The map suggests a lack or earth mortars in cities. The recorded sites were generally 
either standing Listed buildings or buildings in decay and archaeological sites where 
core mortar was visible. Decayed buildings and archaeological sites tend to be located 
outside cities, and inside cities the majority of masonry structures date from the 19th 
century, when masonry structures may have often been built solely in lime mortar. 
However, given the lack of data, it is a recommendation that a suitable sample area 
be investigated in a city. 

 
The map, and comments received from the Scottish Lime Centre, demonstrates that 
proximity to limestone did not preclude use of earth mortars. This illustrated the key 
finding that earth mortars were not generally used because of lack of building lime, 
but in preference because it was a good building material. 

3.3 What Are Scotland’s Earth Mortars Like?  

We found that earth mortars used historically in Scotland can be considered as three 
broad types: 

3.3.1 Natural Soils, Used Essentially as Dug 

The simplest and cheapest way to make a mortar is to use the soil dug up for 
foundations and dampen it. Undoubtedly this did happen, but many traditional 
buildings had very shallow excavations for foundations, which would have produced 
an insufficient quantity and that mainly topsoil. 
 
From our experience of putting mortar back into walls where it has eroded away, 30-
50% of the volume of a rubble wall can be voids filled with mortar and pinnings. This 
requires a substantial volume of mortar. 
 
Therefore, masons would have sourced earth dug specifically to use as mortar, and in 
most traditional situations this would have been selectively sourced, as close to site 
as possible, based on local knowledge. 
 
Scotland has a very diverse array of natural soils, the result of parent rock diversity, 
glaciation, fluvial, estuarine and marine activity, and the effects of plants and weather. 
 
In some places this means that local soils suited to make earth mortars are abundant 
and easily obtained. The characteristics of such a naturally optimal soil appear to be: 

• Clay content 8-20%, providing good cohesion and working plasticity. 

• Clay mineral type has low expansiveness in water. 

• Well graded particle size, creating good cohesion and low shrinkage. 

• Few stones, requiring to be removed before use. 
 
Perhaps around 5% of Scotland’s land mass has such soils, including substantial parts 
of Angus, Perthshire, Stirlingshire, and Ayrshire, and elsewhere in more localised 
deposits. In most places, subsoils are less than perfect, and the choice was to bring 
in a better earth from somewhere else, to use an imperfect local earth, or to alter a 
local earth’s properties by adding things to it. 
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In many places, the evidence suggests that people often used imperfect local soils 
without altering them, for all but high-status buildings. This seems to have generally 
been the case up the widespread changes that began after 1745 and peaked 1820-
1860. After 1745, the use of unaltered soils appears to have retreated towards more 
geographically remote locations and for lower cost/status buildings. In these places, 
local knowledge of earth materials that could be freely obtained and used in traditional 
ways, seems to have persisted for longer.  
 
In some places, the use of local soils meant that some very weak mortars were used. 
The weakest earth mortar we are aware of is at Moirlanich Longhouse, a rubble 
masonry structure near Killin, where the mortar is silty/peaty and has negligible 
strength. Such structures rely on good masonry technique, with stone-to-stone contact 
and through stones binding the inner and outer leaves to resist movement. The mortar 
provides cushioning and air-tightness. Such mortars rely on protective weathering 
coatings to the outside, usually lime pointing or renders. 
 

 
Fig. 7: Moirlanich Longhouse, weak earth mortared rubble with lime pointing & wash. The 
leaning section to the right of the porch is shown in repair below. 

Fig. 6: Stirling series soil, in rear garden of 
house, note external lime pointing. 

Fig. 5: Example of earth mortar, used as dug, 
from very close to site, Main St. Longforgan, 
early 19th C. Shrinkage cracks as a result of 
high clay content in chimney wall. 
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Fig. 8: Back face of inner leaf exposed during repairs at Moirlanich, with cruck leg having 
benefitted from the preserving effect of earth mortar drawing away moisture. 
 
More common are sub-optimal mortars where the mortar has low clay content or poor 
grading, where the mortar provides some cohesive strength, but is vulnerable to 
weathering. The evidence suggests that the majority of historic Scottish earth mortars 
fall into this category, reflecting the economy, local knowledge and construction skills 
that are essential characteristics of vernacular construction.  

3.3.2 Natural Soils, Altered Without Fundamental Change 

 Soils could traditionally be altered in several ways to enhance their performance: 

• Removing stones to create a more workable mortar, by hand or sieve.  

• Adding sand to clay-rich soil to create a more workable and better graded mortar.  

• Adding clay to sandy soils to increase bonding and cohesion.  

• Adding dung to increase bonding, cohesion and plasticity.  

• Adding straw or hair to increase tensile strength.  
 

We found little historic recorded evidence of any of these processes, and there is not 
a sufficient record of mortar analysis from sites to form an evidential scientific basis 
for assessing how mortars were sourced and prepared.  
 
This lack of historical documentary evidence is unsurprising and typical for vernacular 
materials and processes. Perhaps it is reasonable to say that the method of sourcing 
and making mortars was based on local knowledge and was ‘normal’ to an area’s 
tradition and thus not noteworthy.  
 
It is important to recognise that mortars cannot be considered in isolation as part of 
a masonry tradition and that they worked along with the locally available stone in a 
composite construction. Thus, earth mortars could be specifically tailored to work 
with the particular characteristics of the local stones, which would vary with the 
location and status of the structure.  
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The clay and bool tradition of Northeast Scotland is a good example of this, which has 
a rare historical description of the sourcing, mixing, construction and design 
processes. Elizabeth Beaton1 provides a good explanatory introduction: 
 

A variant where the clay mix has added round stones from the river or shore, 
known as 'bools', was called Auchenhalrig work from the name of a hamlet in 
Bellie parish. The following description, written in 1812, on the use and 
preparation of Auchenhalrig work, is worth quoting at length:- 'This work is built 
of small stones and mud, or clay, mixed with straw. 
 
The proportions of these materials required to make a rood of thirty-six square 
yards, are nearly as follows, viz. about thirty cart loads of stones, ten cart loads 
of clay or mud, and twenty-four stones weight of good fresh straw. When the clay 
is strong and tough it will require fully three cart loads of sharp water sand. The 
mode of preparation is thus – if the mud or clay is lumpy, it must be reduced 
with a mallet, mixed with the sand, and made pretty thick with water: the straw 
is then equally strewed over it, trampled with the feet and wrought from one side 
to the other; until the whole is of proper consistency for admixture with the 
stones. 
 
In building any kind of stones will answer; even stones from the channel of a 
river, which are generally round, are preferred by some workmen to any other. 
They ought not to be larger than a workman can with ease put upon the wall; 
and though much smaller, they are perfectly sufficient; indeed, large stones are 
improper, as they prevent the mud from consolidating, and, by consequence, 
diminish the strength and durability of the walls, which are of much the same 
breadth as those built with stone and lime: twenty-two inches are sufficient for a 
wall of seven feet high: if higher, they should be two feet thick, carried up 
perpendicularly the same as other walls, and care should be taken never to build 
more than two or three feet of height in any one part in the same day: if raised 
more, the wall is apt to swell, for which there is no remedy but to pull it down, 
and rebuild. To prevent accidents of this nature the work is so proportioned to 
the number of hands employed, as to admit of three or four days for each 
division to dry, before more is put upon it. In order, therefore, to keep two men 
constantly at work, one building and another pre-paring the mud, a wall to the 
extent of about forty feet going on at one time is requisite. Where there is any 
joisting for grain lofts, etc. there should always be a wall plate of wood one and a 
half inches thick laid below the joists, and their ends brought within six inches 
of the outside of the wall: a similar plate is also necessary below the feet of the 
couples. 
 
These walls are equal to the weight of any roof commonly put on mason work, 
either slate, heath, mud and straw, or stab thatch. If done with mud or stab 
thatch there should be a good heath brush laid on the wall head to bear up the 
straw, and to carry the rain over the walls, as nothing is so injurious as rain 
falling into the face, or getting into the middle of the wall. 
 
In the course of two or three years after being built, the frost has generally such 
an effect upon the mud on the outside of the walls, that it falls off, leaving the 
stones (which are covered with it when newly built) quite bare. Whenever the 
walls begin to appear in this state, they should be harled over with lime properly 
mixed with pure river or sea sand pretty rough; and that the inside walls of 
barns and grain lofts may be sufficiently close and smooth, it is strongly 
recommended to do them over with a thin coat of plaster lime, which adheres 

 
 
1 Beaton E., 1993, The Pattern of Moray Building 
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firmly to the mud. Thus finished, the Auchenhalrig houses are, out and inside, as 
ornamental as those built entirely of stone and lime mortar'.  
 
As at Cowfurach, Rathven, the 'bools' are laid in neat rows (Fig.9) in a shed on 
Longhill Mill, Urquhart, they are in a herring-bone pattern. Most of the cottages 
at Kingston-on-Spey, built initially at the end of the 18th century to house 
workers in the ship building and timber industries there and at Garmouth, are of 
clay and bool. The material was used for simple linear steadings at Bogmuir and 
considered in 1820 for a 'Square of offices' to be built at Edom, Pluscarden. Here 
the farmer, Mr. Bain, when advertising for tenders for the work, stated that he 
would provide the materials but 'as it is not yet decided whether the offices will 
be of Mason or Achainhalrig (sic) Work, Contractors are requested to estimate for 
these different works separately'.  

 

 
Fig. 9: Clay and Bool wall, Cowfurach, Moray. © HES.  Similar arrangements of round river 
stones laid in herring-bone rows can be found in other countries.  

3.3.3 Natural Soils, With Quicklime Creating Fundamental Change 

 In principle, adding quicklime to earth mortars does several things: 

• It provides additional binder and plasticity. 

• The quicklime draws moisture out of the earth that had been added to make it 
plastic and break down the clay, enabling a faster drying strength to be achieved 
within the wall. 

• A weak ion-exchange, similar to pozzolanic (Minke), reaction occurs between the 
clay and lime minerals, improving its durability, especially in wet conditions. 

 
Quicklime seems to appear as an additive in earth mortars increasingly through the 
19th century examples, with white flecks of imperfectly burnt lime appearing in the 
material.  
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Analysis suggests that quicklime was typically added at about 5% volume, creating 
10% if fully slaked. However, the combination of lime and clay minerals varies in effect 
and both written sources and field experience suggest that often the mortar becomes 
more plastic and more durable, but sometimes it can become weaker and the earth 
mortar is stronger without the addition of lime.  
 
The key characteristic of earth-lime mortars is that they undergo chemical change, 
which fundamentally alters the material properties. These mortars can no longer 
change their state by rewetting, as earth mortars can, enabling them to be re-cycled 
or returned to ground as soil. Compared to earth mortars, earth-lime mortars are less 
simple to repair, have higher embodied carbon, cannot be re-cycled without adding 
new binder, and are hazardous to make. It is for all these reasons that earth mortars 
are generally preferable, unless there is a specific need to add lime.  
 
An early and impressive example of an earth-lime mortar is Castle Huntly Doocot, near 
Dundee, built in the late 17th century and a complex arrangement of masonry with 
projecting turrets and internal nest boxes that has been roofless for over a hundred 
years. The structure is built of basalt, a dense and low porosity stone creating very 
challenging conditions for an earth mortar. 
 
While there remains only the faintest traces of the original lime harl, there has been 
practically no decay of the earth-lime mortar, showing that it has significantly out-
performed a richer lime material for durability, probably because it has hydraulic 
reaction. 
 

   
Fig. 10: Castle Huntly Doocot.            Fig. 11: Detail of earth-lime mortar. 

3.4 Who Built What When with Earth Mortars? 

The evidence currently available is insufficient to form a definitive assessment of the 
chronological, typological and socio-economic patterns of use of earth mortars in 
Scotland, but enough has emerged to propose the following broad picture, to draw 
tentative conclusions and prioritise further areas for investigation. 

3.4.1 ‘Pre-history’ 

Stone masonry buildings began to be built in Scotland around 3,500 BCE, first 
subterranean masonry tombs and then masonry houses for the living above ground. 
Orkney holds a particularly rich collection of substantial remains from this period, 
having benefitted from a local sandstone that naturally breaks into even beds.  
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In multiple locations on Orkney, excavations of Neolithic stone masonry buildings 
have recorded several different types of clay used for different purposes, including 
clay floors, clay plasters, below wall foundations and as waterproof coatings, (Richards 
& Jones, 2016) clear evidence that clay was being sourced and used for specific 
construction purposes in an unfired state, aside from its use fired for pottery. 
 
While the typical twin-faced masonry walls have core fill, this is not recorded as mortar. 
Often walls are described as ‘drystone’ construction or filled with ‘midden’. We think 
this is likely to be a misrepresentation of the construction process and that these walls 
can often properly be classed as Scotland earliest examples of earth mortared 
masonry.  
 
We were unable to find any specific research into the Neolithic use of unfired clay 
earth in construction in Scotland (though we do have European examples) and it is a 
recommendation that specific research is undertaken on a focused group of Orcadian 
sites to analyse earthen materials, to identify their geological and geographic sources 
and to understand how they were sourced, processed and used. 
 

 
Fig. 12: Part of the emerging Knap of Brodgar complex, with clay floor and mortared masonry 
walls. © Hugo Anderson-Whymark. 

3.4.2 Roman 

The period of partial Roman occupation of Scotland (~70 to 210 C.E.) saw use of a 
range of construction technologies for military complexes which included earth-
mortared masonry. 
 
Parts of Hadrian’s Wall are earth-mortared masonry and significant remains survive at 
Cramond and other sites in Scotland. At Cramond, several courses of dressed stone 
are laid in a strong clay earth, though the source was not identified or the degree of 
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any alteration from the dug material. There was no evidence of lime mortar pointing 
(Little). The Roman complex at Bearsden has similar earth-mortared masonry with no 
record of lime2.  
 

   
Fig. 13: Roman masonry at Crammond.      Fig. 14: Earth mortar, note no lime. 
 
The Roman use of earth mortar, as with its use of daub and turf, does not seem to be 
have been significantly different from indigenous practice, apart from potentially the 
introduction of using lime as protective finishes. In any event, the use of lime did not 
continue in Scotland after the Romans left.  
 
While the Roman Empire utilised a range of earth building technologies across its 
diverse geography, the Scottish examples of earth mortar could be interpreted as the 
Romans using a native construction technology to construct a different building 
typology, as much as the importation a technique utlised by an international building 
organisation. In reality, these Romano-Scottish examples highlight the fact that earth-
mortared masonry traditions were common across Europe for much of the historic 
and pre-historic period. 

3.4.3 Iron Age 

In the Iron Age most buildings were constructed from wood, wattle, daub, and turf. 
Surviving masonry structures include souterrains, wheel-houses, hill-forts and brochs, 
which are famously recorded as drystone construction.  
 
We were unable to find sufficient well-documented sites to allow us to assess the use 
of earth mortar in these masonry structures and the historical patterns of transition 
in masonry construction technique through this period. This is a recommended area 
for further research. 

3.4.4 Medieval 

A significant number of masonry structures survive from the medieval period. These 
are primarily higher status buildings, as domestic buildings were largely constructed 
of wattle and daub and turf. 
 
Though the quality of recording is rarely satisfactory, there are many examples from 
this period, including: 

8 -11th C. Ardwall Isle, Kirkcudbright, remains of early chapel walls are set in 
yellowish clay.   

 
 
2 Breeze, Building 4, p29, The Excavations 
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9th C. St. Ninians Chapel, Bute – earth mortar, not surviving lime. 

9th C.  Kilmichel Chapel, Bute – earth mortar, not surviving lime. 

1140 Abernethy Round Tower, earth mortar found in base masonry, lime above. 

12th C.  Whithorn Priory - earth mortar and evidence of clay as a bonding mortar.’ 

12th C. Eynhallow Monastery, Orkney  - earth mortar and lime mortar. 

12th C.  St Ninian’s Chapel, Whithorn – foundations of …..undressed bounders set in 
clay….later described as “unmortared” and an enclosure wall “roughly dressed 
stones set in clay…….poor mortar…’ 

1262-1559   Carmelite Friary of Tillium, Perth - earth mortared masonry base walls 
remain as archaeology. 

13th C. Auchenas Castle, Moffat - “the space between the facings was filled with 
earth and boulders.’’ 

14th C.  Perth City Walls. 

1450  Threave Castle, Galloway – ‘local graywacke with a core of smaller stones, 
the whole bonded with pale-yellow silt.’ 

14 -16th C.  Dundonald Castle, Ayrshire – Smiddy with “two earth bonded walls to 
south and east” and a free standing building and courtyard structures “of clay or 
soil-bonded stonework.’ 

c. 1560 Elcho Castle, Perthshire - barmkin tower walls earth mortar seen internally. 

Polmaddy, New Galloway - clay bonding recorded but assigned as “dry stone” and 
noted presence of leached out earth mortar. 

 
  Melrose Abbey – clay core reported. 
 
The above list demonstrates the widespread use of earth mortars in high status 
buildings throughout the medieval era. The lack of lower status examples reflects the 
fact that most buildings during this time had wattle and daub or turf walls, and that 
there is poor survival of low status masonry buildings. 
 
There is some evidence supporting a view that some foundations were earth mortared 
to provided damp-proofing to lime mortared masonry above. This seems to especially 
occur in the later sites, but there is insufficient evidence to determine whether this 
was a systematic approach specifically using an expansive clay. This would merit 
further research. 
 

 

Fig. 15: Carmelite Friary, Perth, 
earth mortared wall bases, may have 
had lime mortared masonry above. 
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3.4.5 Post Medieval 

Masonry buildings became more common as towns and cities grew, though few 
survive before 1750. During the following 150 years there was extensive change in 
the Scottish building stock associated with population movement and emigration, 
industrialisation, agricultural ‘improvements’, land ownership changes, industrial 
scale manufacture of construction materials, railway transport of materials and the 
development of the private commercial construction sector. 

 
Several things happened during this time that affected the use of mortars. 
 
Firstly, a lot of new masonry buildings were constructed, often on a developer scale 
in villages, towns and cities, but also large new farm complexes, and large military, 
commercial and industrial buildings of new typologies, as well as civil engineering 
structures such as bridges. These largely replaced the medieval building stock often 
made of wattle, timber, turf and earth. 
 
The growing commercial approach of estate owners towards tenants had a significant 
affect in many areas, with landowners replacing older buildings with new ones, and 
requiring a change in construction materials as part of this process, though this was 
sometimes not achieved due to cost. It involved the construction of new villages, such 
as at Tomintoul in Moray, the rebuilding of villages in a new location, as at Lonbain in 
Rossshire, and the replacement of buildings on a village scale, as at Longforgan in 
Perthshire. In Lonbain and Longforgan, earth mortar was used in the new buildings.   
 

 
Fig. 15: The village of Longforgan was ‘built with turf and stone or clay for mortar, and not a 
vestige of lime’ before 1777 (OSA).  Soon after, all were replaced by the landowner with smarter 
buildings, built of earth mortared masonry pointed in lime. See Figs 5 & 6. 
 
At the same time, landlords stipulated in leases that tenants should use lime and stone 
in their buildings, though this was not always followed, and restricted traditional 
rights to harvest natural building resources, such as clay, turf and wood, as these 
resources became a commercial commodity rather than common resources. Indeed 
the ‘enclosure of previously common lands largely deprived communities of ready 
access to the necessary sub-soils and lime-sand mortars came to dominate throughout 
the 19th century’. 3 
 

 
 
3 N. Copsey, 2020 
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In cities and for new commercial and military typographies, a different process is 
perhaps evident. In such situations, professionalisation of design and specification, 
and the commercial supply of mass-produced standardised materials became 
dominant as part of building procurement. Previously, craftspeople would have had 
more autonomy over the selection and sourcing of materials, based on small scale 
construction and local procurement from a traditional skills and knowledge base that 
was vested in locally-sourced, natural materials (Copsey, 2020). This correlates with 
the use of other vernacular materials in Scotland, such as wood. 
 
This transition to Architect & Engineer specified rather than artisan designed, brought 
a focus for mortars on strength and standardisation, rather than performance, 
workability, economy, efficiency and local sourcing. As a direct consequence, the use 
of naturally variable and locally sourced earth mortars declined and the use of lime-
sand mortars increased. Rural depopulation and mobility of labour reinforced this 
process by reducing the local skills and materials knowledge base.  
 
We know this because the processes were fairly well documented by estates and 
businesses commercially procuring buildings. Traditional use of earth mortars carried 
on, especially in rural areas, though far less well-documented. The example of clay 
and bool quoted previously is a good example of this. 
 
The use of earth-lime mortars can be seen as a half-way house, where landowners 
aspired to the modernity of lime but, especially for boundary walls and low-value 
buildings, the cost-effectiveness of earth materials spoke to their pockets. 
 
It is worth noting that while Scotland experienced a fairly brutal process of 
industrialisation, emigration, land privatisation and agricultural reorganisation over a 
few generations, the same process was far less abrupt in other European countries, 
and as a result the craft traditions of earth mortars, as with other earth materials, 
survived to a much greater extent into the 20th century.  
 
It is therefore poignant that the most earth-mortared masonry buildings that survive 
in Scotland date from this period. There was so much masonry building going on that, 
even if earth mortar was used in a minority of structures, it still amounts to a very 
significant number of buildings.  
 

  
Fig 16: 19th C. building, Brechin                      Fig. 17: Earth mortar core, lime pointing 
 
It is very difficult to estimate how many earth mortared buildings there are in Scotland. 
If we had to guess, we might say that, before 1800, 75% of masonry buildings had 
earth mortar, and after 1850 it was 25% and by 1900 it was almost none.  
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9% of inhabited dwellings in Scotland are pre-1919 detached, semi-detached or 
terraced homes, amounting to some 230,000 buildings4. Perhaps half of these are 
earth-mortared. We could not find useful statistics for buildings that are not dwellings, 
or for boundary walls, bridges or other masonry structures. Scotland has 8,164 
monuments and 47,288 listed buildings.  
 
A guestimate might therefore suggest that Scotland has something around 200,000 
earth mortared structures, and among them are some of our most outstanding and 
our most commonplace heritage.  

3.5 What is the Significance of Scottish Earth Mortars? 

 We have identified 4 key points of significance in Scotland’s earth mortar heritage: 
 

1. Material Culture  

Scotland’s surviving earth mortared masonry structures, which may number 
around 200,000, represent a key element of Scotland’s masonry tradition, 
physically documenting the character of its development over 5,500 years from 
the earliest Neolithic masonry structures until the end of vernacular techniques in 
the late 19th century. This is a chain of continuity into the deep past of Scotland’s 
built heritage. 
 
Earth mortar is one of the family of three principal traditional stone masonry 
techniques, alongside drystone and lime mortared, each holding distinctive 
characteristics. Drystone is a classic technique requiring a specific skill set, which 
is defined by limited structural and typological applications. Lime mortars are an 
advanced technique representing the transition to industrially produced and 
professionally procured structures. In this context, earth mortars represent a 
vernacular tradition vested in local, natural materials which was the dominant 
masonry tradition across the whole country, in all typologies, up until the modern 
era. These characterisations are of course simplistic, and as a family they are all 
similar and related in skills type and level. Most earth or weak earth/lime relies on 
good stone to stone contact, like drystane. Probably lots of drystone buildings had 
gaps filled with moss to stop draughts, of which there is some record and example. 

The Family of Traditional Scottish Masonry Mortar Techniques 

drystone 
drystone 
caulked 

with moss 

earth 
mortared 

earth-lime 
mortared 

weak lime 
mortared 

lime mortared 

 
2. Vernacular Character  

The earth mortar tradition is defined by its vernacular character. Local knowledge 
of an area’s natural resources and how to use them to create durable and 
comfortable buildings developed over many generations, with knowledge passed 
down within communities. The characteristics of local earth materials was 
reflected in how they were processed and used in masonry work, and this was also 
influenced by the character of local stone. The design of structures regionally 
reflected how these local materials responded to the local climate.  
 

 
 
4 2018 Scottish House Condition Survey 
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The diversity of Scotland’s natural resources and climate is reflected in the 
richness of its vernacular built heritage. In this context, earth mortars were used 
everywhere but are highly varied, and this forms an important strand in the 
narrative of how vernacular built heritage is a repository of the historic cultural 
connection between people and place in Scotland.  
 

3. The Intangible Heritage of Skills 

There is a distinct traditional skill set associated with the material culture of earth 
mortars, which includes: 

• an understanding of the material science of clay earth  

• an understanding of natural soil character and distribution patterns 

• sourcing soils 

• testing soils 

• blending and additives 

• mixing, storage and application 

• compatibility with other materials 

• finishes 

• durability & maintenance. 
 
This traditional skills base barely survives, with very few masons trained to any 
extent in earth mortars, and a handful with a high level of skill. 
 

4. The Material Science of a Low-Carbon, Low-Waste Technology  

The tradition of earth mortars carries with it the time-proven, practical material 
science of a low environmental impact construction technology, which holds 
relevance to the contemporary transition to Scotland’s 2045 net zero carbon 
targets. 
 
Earth materials are inherently low energy and low carbon, as they do not require 
heat or chemical change through energy inputs, but instead are manipulated 
through variation in moisture content. This makes them highly relevant 
alternatives to cement and lime mortars in a range of applications. 
 
Earth mortars also have highly favourable circular economy characteristics. 
Inherent to manipulation of moisture content, earthen materials can be infinitely 
recycled without loss of performance or significant energy inputs. 
 
Traditional earth mortars were also low waste in sourcing, using natural subsoils 
with minimal processing. This is in contrast to most modern mortars which rely 
on processed aggregates, including washed sands, which now are a globally 
threatened natural resource. By using a wide range of natural subsoils, in an 
unwashed condition, earth mortars are a model for sustainable extraction and use 
of natural mineral resources. 
 

Earth mortars are therefore a highly significant part of Scotland’s tangible and 
intangible cultural heritage, one which carries relevance from our traditions to the 
delivery of a sustainable future. It is, however, a heritage that is poorly understood 
and supported. This endangers its survival and limits its ability to contribute to a 
sustainable transition to net zero Scotland. 
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4 ASSESSMENT OF CURRENT PRACTICE 

This section assesses the capability and capacity of the conservation sector to sustain and 
support Scotland’s earth mortar heritage. 

4.1 Identification 

There is consistent evidence of poor levels of identification of earth mortars at historic 
sites. Common poor practice includes: 

• Earth mortars are not recorded, with masonry mis-identified as ‘drystone’ or ‘un-
mortared.’ 

• Earth mortars are mis-identified as soil that has ‘migrated’ into walls from the 
surrounding landscape, or lime mortar that has leached its lime binder. 

• Earth/lime mortar is hard to differentiate from weak lime/unwashed sand 
mortars.  A sieved sandy subsoil is similar to unwashed sand and lime is not 
always obvious to the eye. 

• Earth mortars for bedding are not sampled if lime mortar pointing is present – 
that becomes the focus of repair specification. 

 
These issues were commonly found in our documentary research and also noted by 
several of our respondees.  
 
In a reappraisal of 107 British earth mortared sites, of which 36 were Scottish, Markey 
(2018) noted that earth mortar is generally overlooked, mistaken, misclassified and 
neglected with ‘pervasive ….hesitancy on behalf of recorders to define earth as mortar 
used in stone construction’. 

 
The poor general level of identification is put into perspective by the few individual 
survey professionals who consistently identify earth mortars and this is reflected in 
the clustering of some of the mapped sites in Fig. 2. This indicates that the poor 
general level of identification is a consequence of a poor level of training in 
identification, as well as cultural bias.  
 
There were several contractor repsondees who reported that most of the traditional 
buildings in their area were earth-mortared, but these lacked individual records or 
identification. This included regions Caithness and The Borders. Earth mortars are 
generally not recorded in regional or local traditional material and character 
appraisals. 

4.2 Recording 

Echoing the poor level of identification, a very poor level of recording of earth mortars 
was found, both in formal and informal records. 

 
Poor recording goes right back to historic records of original construction. As 
construction records became more prevalent during the 18th and 19th centuries, they 
focused on commercial construction for estates and urban areas where the use of 
earth mortars was in decline and purchased lime increasingly prevalent.  
 
Even where the construction of earth mortared buildings was recorded, Copsey (2019) 
noted that the earth mortar was often not identified in construction records as a 
material, as it was often won from excavations of foundations, and therefore it was 
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represented in labourer cost, not in materials purchased. Thus, as Scotland moved to 
procurement of commercially produced material products, vernacular earth materials 
were literally written out of the records. 
 
This was reinforced by the culture of the ‘Improvement’ period, from which a wealth 
of geographical area descriptions and estate audits have survived. These area 
descriptions were generally written by people whose cultural experience and economic 
interests were vested in the transition away from vernacular culture. Thus, derogatory 
terms were often used to describe natural materials associated with low status 
buildings and communities, often as justifying context for their removal and 
replacement. 
 
An audit of terms used to describe earth buildings from the 18th and 19th centuries in 
the Carse of Gowrie (Arc, 2016) found that the terms used in general descriptions of 
vernacular earth buildings were negative, including; 

  
Humble, lowly, mean, naughtie, paultry, ugly, inferior, poor as can be, wretched, 
rudely constructed, damp, peculiar 

 
This contrasted with the rare descriptions recorded by people who lived in such 
buildings: 

 
Warm, Durable 

 
A cultural association was thus generated between earth materials and inferiority, and 
this cultural bias became embedded in the construction sector. 

 
Thus, the people who subsequently inspected and recorded historic sites during the 
20th century, often Architects and Surveyors, were themselves not experienced in 
specifying and procuring earth materials, and thereby unskilled in understanding and 
identifying them. They, along with Archaeologists, were inheritors of a culture that 
had a hierarchical view of heritage, where some materials were ‘noble’ and others 
‘primitive’, and a narrative of built heritage as one of cultural progress towards 
enlightenment. This cultural norm directly affected how historic sites were recorded 
in the past and still does today. 
 
Markey (2018) assesses Scottish examples: ‘Scottish research analysis revealed 
similar derogatory terms were utilised in describing the use of stone and earth 
mortared masonry construction dating from pre-history to the post medieval period. 
‘’Unmortared, poor mortar’’ as well as ‘’no mortar traces’’ described buildings dating 
to the period. ‘’Weak mortar, very poor construction’’ and ‘’poor quality construction’’ 
were perceived in structures dating between the twelfth and late sixteenth century. 
‘’No mortar’’ was prescribed to buildings in many cases spanning the entire period 
despite the recorded presence of earth mortar. The identification and recording of 
earth mortar was referred to as’’ a primitive method of construction’’ and ‘’a primitive 
form of house construction’’ in stone buildings dating from the thirteenth to sixteenth 
centuries. It was equally referred to as ‘’a peasant mode of building suitable only to 
semi-skilled labour’’ in Scotland. 

 
The legacy has been that statutory records of historic sites are often misleading in 
respect of the presence of earth mortars and this was highlighted by several 
respondees. It is a recommendation that a process for review and updating historic 
building records to correct poor historic recording be initiated. 

 
These comments primarily relate to ruined sites, where the walls are climatically 
exposed and have therefore been the subject of decay, which has removed and 
degraded the earth mortar as a result of exposure to moisture.  
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It is very important to recognise that most Scottish earth-mortared structures do not 
fall into this category as they are standing structures in good condition where earth 
mortar is concealed behind lime pointing, harl or other finishes. Here, identification 
and recording are very scant, and there is a presumption of lime mortar. Earth mortar 
is only identified where there is an alteration or failure in the masonry that reveals the 
underlying core earth material.  
 
This assumption that earth mortars are not present can lead to inappropriate decisions 
about repairs and maintenance. Earth mortars can cause alarm when found, leading 
to panic and removal of earth. This seen reported many times in online lime and 
mortar forums, based on unfamiliarity and a common presumption that earth is 
second rate and has to be replaced. 
 
There is a small number of Archaeologists, Architects, Engineers and Surveyors who 
have a good understanding of earth mortars, as well as a body of international 
experience, which can inform training and guidance to improve skills on identification 
and recording. 

4.3 Understanding Decay Mechanisms 

The poor level of identification and recording feeds into what is generally a poor 
understanding of the processes of decay that affect earth-mortared structures. 

 

   
 
 

 
While these decay mechanisms are essentially similar to those that affect lime mortars, 
the relationship to water is fundamentally different and the diversity of clay type, 
percentage and particle size distribution are key factors that vary hugely across 
traditional buildings, leading to a wide range of performance. 
 

 

Fig. 21: Earth-mortared wall with lime 
pointing, the face having fallen away due 
to water ingress at the wallhead and lack 
of restraining through stones tying the 
outer to the inner face. 

Fig. 18: Earth mortar, severe 
external decay. 

Fig. 19: Earth mortar 
concealed behind lime finishes. 

Fig. 20: Earth mortar concealed 
behind internal linings. 
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In addition, the relatively low tensile strength of earth mortars compared to lime 
mortars, can lead to a mis-reading of how a masonry element will perform when 
exposed to decay mechanisms. Earth mortared structures rely on good masonry 
technique. The absence of through stones connecting faces is a key vulnerability not 
always apparent.  

 
There is a small number of contractors and professionals who have a good 
understanding of how earth mortars decay, as well as a body of international 
experience, which can inform training and guidance to improve knowledge. 

4.4 Materials Analysis 

There is a very small body of materials analysis data available on earth mortars. This 
is primarily a consequence of the low level of identification and recording, but even 
where it is identified, there is a lack of understanding of appropriate materials analysis 
methods, capacity to deliver and experience to interpret the results.  
 
There is perhaps also a residual cultural bias that earth materials do not merit analysis 
as they are somehow not ‘proper’ materials and thus do not merit a proper 
conservation methodology as is standard for other materials, such as lime mortar. 
 

In 2015, Historic Environment Scotland (HES) funded a collaborative project with 
SLCT, managed by the HES Conservation Science team, to develop their 
understanding of Scottish mortars using this extensive and previously undisclosed 
resource. This work included the digitalisation of the archive, previously held as 
individual analysis reports, in a purpose-built database (‘SLCT Mortars Database’) 
and subsequent interrogation of the data, to provide an evidence-based and 
quantitative understanding of historic mortars in Scotland. The information held 
within the SLCT Mortars Database relates to a range of different materials 
including lime, cement, earth and clay, although given the focus of the Centre’s 
work, there is an understandable bias towards lime mortars. 5  

 
This summary of mortar analysis undertaken on pre-1850 mortars listed 20 earth and 
earth-lime mortars out of a total of 3,407 samples. This reflects the data bias noted 
in the Introduction above, in a report that was intended to guide conservation repair 
practice. This is a typical example of data bias relating to earth mortars across the 
heritage sector. If the data is not there, how can it be included? 

  
Good practice suggests that a range of simple field tests can be used to determine 
the essential performance characteristics of earth mortars, with laboratory analysis 
useful for particle size grading and plasticity. More expensive lab tests are rarely 
necessary if there is an experienced practitioner involved.  
 
There is a sound basis of knowledge and experience among a very small number of 
practitioners and laboratories. It is a recommendation that this materials knowledge 
capacity be increased. 

4.5 Conservation Technique 

Conservation of earth mortar requires a distinct range of techniques founded in the 
characteristics of the material’s performance in relationship to moisture and reflecting 
the wide diversity of traditional earth mortar materials. Conservation of earth/lime is 
vested in the hot lime skills and knowledge base. 
 

 
 
5 HES Technical Paper 32, A data driven approach to understanding historic mortars in Scotland, 2020, 
Introduction 
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Repair techniques for standing structures are relatively straightforward masonry 
practice, as long as there is a sound understanding of the materials and how they 
affect the behaviour of the masonry. In this, it is important to recognise that the 
mortar and stone have to be considered together as two halves of the masonry whole. 
 
Conservation techniques for ruined masonry elements are more complex, as the 
exposure to moisture is more significant and this can have an effect on the stability 
of the structure and durability of the repairs, which requires some experience to 
interpret on an individual site. 
 
The specification of repair mortars is also a specialist skill, especially for ruins, 
reflecting the variety of original materials, variety of monument conditions, and 
availability of earth for repair materials. There is a small specialist skills base that has 
developed a high level of capability through projects, including with Historic England, 
who have a research report on the conservation of the Horneystead Bastle in 
Northumbria, which is relevant to practice on Scottish ruins. 
 
This is an adequate knowledge basis for developing technical guidance relevant to 
practice in Scotland, especially if better links made to earth/lime experience and 
network. 
 
There is also some scope to develop applications of earth mortars to enhance the 
conversation of non-earth heritage, especially where timber, fabrics, paper and other 
materials are vulnerable to high humidity environments. 

4.6 Repair Materials 

Traditional practice suggests that a wide range of natural Scottish subsoils can be 
used to make earth mortars of varied performance.  
 
Where like-for-like repairs are specified, field work is required to identify suitable 
source earth material, given that the traditional local knowledge base no longer 
survives in Scotland. This has been successfully achieved on many projects, but can 
be time-consuming. A range of aids include local cross-sector contacts, soil pans, 
historic maps and other records. 
 
Often traditional mortars are sub-optimal and in repairing masonry, specifiers can 
seek to enhance performance, typically by varying grading and clay mineralogy while 
maintaining compatibility. Where mortars form the concealed core behind lime 
finishes in a complete building, as at Moirlanich Longhouse, this is a fairly 
straightforward process as visual matching is not required. 
 
Where the mortar is visible on an exposed masonry ruin, the process is more complex. 
At Horneystead Bastle, a Scheduled Monument in Northumberland, seven factors were 
considered in specifying a repairs mortar: stability, authenticity, durability, 
appearance, reversibility, cost and practicality, and three different mortars were 
specified to stabilise the monument, based on a very local clay-rich soil and non-local 
sand. 
 
Such bespoke specification for conservation projects is possible with expert 
knowledge, but is time-consuming and unnecessary for most projects, where a more 
standardised approach is usually possible. While restrictions over access to land and 
the loss of local knowledge mean it can be challenging to access suitable local soils, 
there is a range of commercially available clay-rich earths that are marketed for other 
uses, but which can be sourced for earth mortar repair materials.  
 
In any event, due to its current rarity, the process of specification and sourcing earth 
mortar materials is rarely simple and straightforward and it is best considered with 
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suitable expert advice, well in advance of works on site. With a growing demand for 
earth building materials generally, there is potential to improve the supply for heritage 
mortars, with sector support. 

4.7 Contractor Skills 

There is a low level of skills, knowledge and competence among masons in the use of 
traditional earth mortars, as it is not included in standard vocational training courses 
and there are few contractor companies who have the ability or opportunity for on-
site skills transfer. 
 
There are some contractors with specialist skills, obtained either from traditional firms 
with long experience of working in a particular geographic area where earth mortars 
are frequently encountered, or from smaller and younger companies who specialise 
in earth materials. This shares the skills base between companies who have a greater 
knowledge of masonry and those who have a greater knowledge of earthen materials.  
 
In both cases the capacity is small, with training unstructured and technical support 
almost non-existent. The sector body, Earth Building UK & Ireland (EBUKI), is a forum 
for specialists but provides limited practical support to individual contractors in the 
field.  
 
In recent years, Historic England has funded short regional skills training courses 
based on funded local conservation projects, and this has proved a successful model 
for developing local skills capacity among contractors and consultants. We would 
recommend this model as one to be used in Scotland to increase skills capacity on a 
regional basis, reflecting regional heritage and materials. 
 
There is some scope for skills transfer between the heritage mortar sector and new 
eco-build sector, based on the related materials having applications in low carbon 
construction for new buildings and retro-fit. However, there is currently no funded 
mechanism for delivering this systematically in Scotland. There is an SVQ qualification 
available under the Heritage Skills Suite, with qualified Assessors and ECVET Learning 
Units, but no SQA Awarding Body in a position to offer vocational qualifications. 
Progress to date has been the result of collaboration between EBUKI and HES over 
several years and this is ongoing, but slow. 
 

 
Fig. 22: Earth mortar in contemporary eco-house, Perthshire. 
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4.8 Consultant Skills 

There is a low level of skills, knowledge and competence among professional 
Conservation Architects, Engineers, Surveyors and Archaeologists, with a small 
number of individuals. 
 
A good example is the Archaeologist on the Discover Bute Landscape Heritage Project, 
who led the repair of 2 ruined early Christian chapels, which had previously been 
wrongly recorded as unmortared, but were very clearly earth-mortared. This led to the 
appropriate repair of the sites using local earth mortar. 
 

 
Fig. 21: 9th C. Kilmichel Chapel, Bute, prior to repairs. 
 
The only regular professional skills training available in Scotland is the Conservation 
MSC delivered by HES, which includes an earth mortar unit. Otherwise, there is no 
specific training in earth mortars included in professional training in Scotland, which 
relates to the historic pattern of low recognition and cultural value ascribed to 
vernacular materials in general and earth mortars in particular.  
 
This is seen as a greater challenge than developing contractor skills, as it requires 
change in culture and practice as well as dissemination of technical knowledge. 
However, there are potentially easier routes to deliver this training among 
professionals, which have formal accreditation processes and mandatory CPD 
requirements to maintain current knowledge and skills. 
 

 
Fig. 22: Blended earth mortar training event for architects and contractors, Northumberland. 
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It is felt that this audience benefits from the mixture of desk-based and practical 
learning delivered through the regional case study approach piloted by Historic 
England at Horneystead, supplemented by better and more tailored technical guidance 
and specialist support networks. 

4.9 Statutory Controls 

There is a low level of awareness among Planning, Conservation and Building Control 
Officers, due to the general low level of recognition, apart from isolated individuals 
with experience in particular local areas where earth mortar is frequently encountered. 
This can lead to inappropriate technical guidance and a lack of appropriate control 
through Listed Building Consents and other statutory processes.  
 
The level of skills and knowledge exercised by HES and other national bodies over 
listed buildings, scheduled monuments and archaeological sites is quite variable, with 
some excellent quality of understanding and technical approaches in individual 
officials, but very poor quality exhibited by others. This includes the management of 
Property in Care.  
 
The HES Soft Cappings In Scotland Research Report (2015) included the 12th century 
scheduled monument of Eynhallow Monastery as a case study, highlighting how the 
structure was clearly earth mortared but was being repaired and maintained using 
drystone techniques, resulting in a fundamental change in the appearance of the 
monument and a reduction of its structural stability and material integrity. 
 

 
Fig. 23: Eynhallow Monastery, Orkney, movement of masonry followed erosion of earth mortar.  

4.10 Cultural Attitudes 

A common theme identified in this assessment of conservation practice is a low 
capacity of high ability flourishing amid a general low level of knowledge and skill. 
This is in part the result of a historic pattern of dominance of lime and cement mortars 
following the replacement of vernacular practices with ‘modern’ procurement 
processes, but it is also sustained by a residual cultural bias which mitigates against 
earth materials in general as perceived as having low cultural value. 
 
This attitude is reflected in wider cultural perceptions of Scotland traditions, and 
therefore among building owners and other stakeholders in the built heritage 
community. It would therefore be beneficial to address these underlying cultural 
attitudes in any strategy to create a more receptive environment for sustaining and 
valuing Scotland’s traditional earth mortar heritage. 
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It was frequenlty reported by the stakeholder network that contractors, consultants 
and building owners who discover their walls have earth mortar often ‘panic’ and rush 
to remove it and replace with a cement or lime material. In that context, the fact that 
earth mortars are often hidden behind other materials is probably why so many have 
survived. In improving recognition, it will be important to dispel these common 
cultural attitudes and encourage the public and sector to understand and value its 
vernacular materials heritage. 
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5 RECOMMENDATIONS 

A key purpose of this desk-based research stage has been to guide further action in support 
of earth mortar heritage. 

5.1 Prioritisation & Integration 

As outlined in this report, there are range of aspects of earth mortar heritage which 
suffer similar challenges and, if addressed, would better preserve and share this 
aspect of Scotland’s cultural heritage. But in a time of limited resource, what should 
be prioritised? 

 
Experience to date suggests that all of these challenges are inter-related and the most 
cost-effective interventions tackle multiple aspects in order to improve situations and 
increase capacities. While programmes and organisations tend to focus on a single 
aspect, it is better to try and use funding-limited initiatives in an integrated way to 
tackle multiple aspects. 
 
The professional and contractor skills training delivered for Historic England in 
Northumberland is a good example where other outcomes included the conservation 
of a Monument, enhanced owner guardianship, improved historic materials records, 
improved local heritage regulatory skills, and enhanced local earth materials 
availability. 
 
Similarly, the Tay Landscape Partnership delivered improved site identification and 
recording, repairs of historic sites, improved understanding of local materials, local 
community engagement, contractor and professional skills training, and enhanced 
building owner guardianship. 
 
However, it is also important to integrate earth mortars into well-established 
processes supporting lime and other materials, so that earth mortars are ‘normalised’ 
into an integrated approach to heritage mortars. 
 
It is also important to identify opportunities for partnerships outside Scotland and 
cross-sector outside of the heritage sector. The context of decarbonisation of 
construction is especially important, where there is an opportunity for earth mortars 
to play a significant role within and beyond heritage. 

5.2 General Recommendations 

 
The following are 30 general recommendations to improve earth mortar heritage by 
increasing understanding, demand, capacity and quality. 

 

Identification 

1. Work with the archaeological sector to develop better knowledge, skills and 
guidance. 

2. Work with the Conservation Architect and Engineer sector to develop better 
knowledge, skills and guidance. 

3. Work with Local Authority Conservation and Building Standards officers to 
develop better knowledge, skills and guidance. 

4. Work with building owners to develop better knowledge and guidance. 
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Recording 

5. Work with the Archaeologists, Surveyors and Inspectors to improve recording 
practice. 

6. Review Canmore, listing and other records to improve existing database. 

7. Develop the GIS map record of sites as an online resource for public input, 
providing a template record. 

8. Encourage local/regional surveys in potentially earth-mortar dense locations. 

 

Analysis 

9. Develop consultant and contractor skills for simple on-site earth mortar analysis. 

10. Develop technical capacity and interpretive skills for lab analysis in Scotland. 

11. Embed earth mortar analysis as a standard conservation practice, through 
requiring in regulated and funded projects. 

12. Provide guidance on analysis good practice. 

13. Create a database of earth mortar analyses for comparative research. 

 

Conservation Technique 

14. Publish more detailed technical guidance. 

15. Publish case study exemplars. 

16. Collaborate internationally and cross-sector to develop conservation techniques, 
fostering an active network to support delivery of sector development. 

 
Materials 

17. Provide good practive guidance on sourcing and making materials. 

18. Create database of available clay sources and characteristics, working with sctor 
stakeholders, including the James Hutton Institute. 

19. Identify opportunities to increase potential earth materials sources. 

  
Skills 

20. Deliver consultant and contractor skills training through a series of short, 
regional, project-based training courses. 

21. Promote skills training & knowledge resources through professional networks & 
established training programmes. 

22. Make earth mortars a mandatory part of heritage masonry skills training. 

23. Deliver Scotish Vocational Qualification in earth heritage skills. 

 

Statutory Controls 

24. Improve control of appropriate mortar specification through Listed Building 
Consent and grant-funded programmes. 

25. Improve Building Standards knowledge of earth mortars in relevant local areas. 

 

  



 
 

Earth Mortar Research Project Stage 1 Report                                                             Arc Architects Ltd. 
                 

  
 

38 

Zero Carbon Transition 

26. Develop embodied carbon protocol for mortar specification. 

27. Develop capacity to specify and use unwashed sands. 

28. Develop protocols for the recycling of earth mortars and lime mortars. 

29. Disseminate best practice case studies for low carbon, circular economy 
approaches to mortar repairs. 

30. Identify opportunities to collaborate with the eco-build sector. 

5.3 Specific Recommendations for Further Research 

 The following are 13 recommendations for the next stage of this research project: 

1. Investigate Neolithic Orkney – a targeted site investigation and stakeholder 
consultation on targeted sites, including materials analysis and mapping. 

2. Investigate Iron Age Structures – a targeted site investigation and stakeholder 
consultation on targeted sites, including materials analysis and mapping. 

3. Investigate Central Highland and Northern Sites – a targeted stakeholder 
consultation to try and identify more specific sites and include in map database. 

4. Investigate City Sites – a targeted site investigation and stakeholder consultation 
to try and assess extent of earth mortars in 18th and 19th C. urban locations. 

5. Develop GIS Map Resource – develop the online map site as a hosted publicly 
accessible resource, open to contributions. 

6. Undertake a targeted suite of earth mortar tests and analysis to develop a better 
technical understanding and characterisation to inform technical guidance. 

7. Develop practical technical conservation guidance. 

8. Hold a sector event specifically for Archaeologists and Inspectors. 

9. Develop a programme of regional training events over several years, based on 
small local conservation projects. 

10. Identify opportunities for earth mortar case study projects. 

11. Develop an exemplar low carbon project using earth mortars. 

12. Undertake further sector research into the availability, character and use of 
unwashed sands. 

13. Develop the earth mortar network, including international and cross sector. 
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APPENDIX 1: SCHEDULE OF SITES 

The following table presents the basic location and age information gathered on sites as of 
26.05.2022, and excludes data on: 
 
o Grid references 
o Northings & eastings 
o Ownership 
o Materials 
o Defects 
o Form  
o Condition 
o Contact Log 
o Record Notes 
o Mortar characterisation 
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APPENDIX 3: NETWORK RESPONDANTS 
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