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Preface

Here in Sweden, Denmark and Finland we have a 
unique collection of mural paintings. They are main
ly to be found in our Nordic churches and span a 
period from the early Middle Ages to the beginning 
of the 18th century. Their artistic quality is uniform
ly high and their rich pictorial content reflects the 
religious imagery of past ages impeccably. With the 
advent of a new aesthetic at the beginning of the 
19th century, a large part of this material was white
washed and, after further ideological changes during 
the decades around the turn of the 20th century, 
large parts were again exposed.

Preservation issues affecting Nordic mural paint
ings have only recently attracted attention. This can 
be explained by, among other things, conservators’ 
more practical orientation in a historical perspec
tive. But the explanation also resides in the material 
itself, which is only now beginning to command the 
attention it badly needs. The mural paintings that 
are being conserved today are undergoing a third 
generation treatment, that is to say, with the excep
tion of the few paintings that were subject to over
painting, the majority underwent initial conserva
tion when they were exposed around 1900 and a 
second one some decades later. It is thus once again 
time to review that material while developing new 
care plans for future interventions.

There is therefore a need for an exchange of 
knowledge between the Nordic countries, but also 
on a European level. To be sure, materials and cli
matic conditions are different on the continent but 
technical issues are the same in principle and the cli
mate of research there is, as a rule, more dynamic. 
The National Heritage Board therefore took the ini
tiative of organising an international symposium on 
mural paintings, Mural Paintings in Scandinavia - 
Current Questions in Conservation and Restoration, 
whose object was to create a lively forum for discus
sion among the most active conservators in the field 
and to shed light on the present state of knowledge.

The symposium, which took place on 21-23 June 
1999 with two days on Gotland and one in Uppland, 
consisted of a number of lectures by representatives 
of a variety of European countries and a number of 
study trips intended to study the material on site. 
Cleaning church interiors and fixation of loose plas
ter were among the more pressing matters.

The papers were published as “preprints” before 
the time of this symposium and the discussions were 
recorded at the time. In order to give this exchange 
of knowledge a more permanent form, but also to 
disseminate it to a wider circle of interested parties, 
the National Heritage Board has revised the mate
rial. It is now presented in printed form including all 
lecture and discussion documents and documenta
tion of the churches visited. It is our hope that this 
publication will form the basis of continued discus
sions on the field.

Without generous contributions from a series of 
sponsors, the symposium could not have been organ
ised in the way we regarded as the most appropriate, 
that is by sending out an invitation to those conser
vators who are considered most knowledgeable in
ternationally. I should therefore like to thank the 
contributors most heartily for this opportunity, and 
in particular the Bank of Sweden Jubilee Fund, the 
Gunvor and Josef Anérs Trust, Nordisk Kulturfond, 
The Swedish Institute, regional representatives of 
Gotland, that is the Gotland County Administrative 
Board, the Historical Museum of Gotland, Byggnads- 
hyttan and Samfälligheten Gotlands kyrkor as well 
as the National Heritage Board’s Research and De
velopment Council.

As the person responsible for the symposium, I 
should also like to take this opportunity to offer my 
warmest thanks to the members of staff who made it 
possible. It was only in conversation with principal 
conservator Ingrid Hemgren that the need for a 
stocktaking of knowledge was identified and without 
her knowledgeable leadership it could never have
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been put into effect. The conservator Misa Asp has 
been of great help in a series of technical matters and 
has also contributed to the basic documentation, as 
has Ulf Lindborg, Doctor of Science, who has also 
acted as the editor of this publication. Further the 
symposium could not have run as smoothly as it did 
and without any greater practical problems were it 
not for the division secretary, Asa Frejd Wallmark.

Stockholm, October 2001
Cecilia Engellau-Gullander
Head of Church Collections Division,
National Heritage Board.
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Problems in the conservation of mural paintings
Ingrid Hemgren

Introduction
The National Heritage Board formerly dealt with 
the care of medieval mural paintings only through 
its expertise in art history but it has for some years 
also been a matter for the conservators and material 
scientists at the Board. Development resources in the 
Conservation Department have been redistributed in 
favour of the field of conservation technology for 
mural paintings. The department is now working 
more actively than before on technical mural paint
ing issues in collaboration with private conservators 
and educational and research institutions. It was 
therefore considered urgent to bring Scandinavia’s 
mural painting conservators together in a conserva
tion technology symposium. This was held in June 
1999 as a three-day meeting including one day in 
Visby with lectures and discussion and a two-day 
excursion to churches on Gotland and in Uppland. 
Some specialists also attended this from countries 
outside Scandinavia.

More than twenty years ago in Denmark, the 
Nordic Conservator’s Society arranged a postgradu
ate course for conservators of mural paintings. The 
idea of a new meeting arose simultaneously in both 
Finland and Sweden. The Frozen Olives seminar 
was arranged in Finland in August 1998 by a core 
group of conservators who had taken part in IC- 
CROM’s training course in Rome at the same time. 
Case studies were presented and the long, successful 
collaboration between the architectural conserva
tion authorities and the technical laboratory of Åbo 
Academy was described. The curator Åsa Ringbom 
gave an account of her attempts to date lime plaster 
to the nearest year using the carbon-14 method. It will 
be interesting to follow development of this advanced

Previous page: Lojsta church, Gotland. Christ, 14th century. After 
conservation in 1997.

method as well as the extent to which the FIXE and 
LA-ICP-MS analysis methods are integrated with al
ready established routines for analysing historical 
material. Several of the participants in the Finnish 
seminar were also invited to this seminar on Got
land. The object of the seminar was to build up a 
network of contacts between conservators both with
in Scandinavia and outside. There is a large quan
tity of well preserved mural paintings on Gotland 
and in Uppland and the opportunity was to be taken 
to discuss some of these with colleagues from other 
countries.

These days, many conferences and seminars have 
as their theme the materials and composition of 
works of art, pigments, analyses of binding media 
and preventative conservation aimed at minimising 
the incidence of damage. Instead, the theme of this 
three-day symposium has been the methods and 
tools that are available when the diagnosis has been 
made, the damage mapped out and when interven
tion in the form of conservation work is necessary.

Important issues to discuss at the symposium in
clude the choice of materials to dean, to fix and to 
consolidate plaster as well as pigmented layers. 
What materials are available and what are our rea
sons for the particular choice we make?

We also want to discuss how the conservator’s 
knowledge can be used on adjoining surfaces - and 
not merely within the context of works of art. On 
Gotland, the matter of the dividing line between the 
areas of responsibility of the conservator and the 
building craftsmen was made clear in a striking 
manner because, interspersed with each century’s 
decoration of the church interior, are large undeco
rated areas. These surfaces often have extraordinari
ly important extra inscriptions, sketches, runes and 
graffiti that afford direct contact with the church’s 
oldest congregations, traces that are destroyed if 
they are whitewashed over too many times.

Problems in the conservation of mural paintings 9



A historical review of the viewpoints and treat
ments of past centuries is a necessary starting point 
for formulating the questions. Now that we are be
ginning to acquire a sufficient distance from our 
predecessors, we have the opportunity to judge their 
efforts more fairly. The opportunity for close contact 
with the paintings afforded the conservator, may re
sult in these judgements coming from a more correct 
point of view. Whereas the art historian may con
demn a painting as destroyed by intensification and 
additions, the conservator has the opportunity to 
look at the quantity of original painting that none
theless may remain.

Fixation problems
When treating paintings, the conservator always 
gives the painting priority over whatever substrate it 
was executed on. The building engineer immediate
ly asks how this can be. To him the load-bearing 
structure is the most important thing. By way of ex
planation he asks what will happen to the paintings 
if the church falls down. By the same token, the con
servator replies that we’ll do a strappo and take the 
painting down. It is in fact the case that the painted 
layer has so many more dimensions as a transmitter 
of culture than simply as a part of the walls of the 
building. But in our common struggle against the 
forces of Nature, no individual has the last word.

Many conservators take an active part in re
search in so-called traditional care of buildings, a 
field that enjoys a burgeoning interest. Unfortu
nately, the collaboration may be characterised as 
one-way communication. Traditional preservers of 
buildings often have no understanding of the compli
cated problems that conservators face. Instead of 
conservation, preservers of buildings recommend 
craftsman methods, which always means that decayed 
material is replaced by new. The task of the conser
vator is to repair material that it is not really possi
ble to repair, in any case impossible with the same 
materials as it was originally executed in. He is 
therefore often faced with the choice between the 
Devil and the deep blue sea, being forced into com
promises that can give rise to unjust criticism.

Unfortunately, it also has to be said that some of 
the criticism has indeed been justified and I am con
vinced that most of us conservators have become 
more careful in what we inject and impregnate 
things with. We have also learnt to rely more on the 
durability of existing material and realised that we 
do not have to fix every blown area. Quite often,

only a very small part of the medieval plaster, often 
crazed, constitutes the danger zone. How many of us 
have actually seen pieces of plaster that have fallen 
down from a vault? Pieces on the floor are often the 
result of recent repairs, pieces falling down from the 
points at which the building moves.

Where it is necessary to fixate the plaster in order 
to save the paintings, the conservator must use a 
method of which he has experience and is able to 
inspect during the short period during which the 
scaffolding is in place. Once it has been taken down, 
there is no simple opportunity to inspect whether the 
operation has worked. Evaluation is a problem that 
remains to be solved now that endeavours are being 
made in many quarters to find a better fixation ma
terial. These experiments should ideally result in a 
ready-made product that can be used, after suitable 
adjustment, in as many contexts as possible. A product 
that can be used with confidence even if it does not 
attain its optimum functionality until several months 
later and fulfils all the requirements made of a con
servation material. For some years, practical experi
ments with lime-based injectable mortar have been 
carried out at the National Heritage Board and the 
conservation course at Gothenburg University. These 
are described in two articles later in this volume.

So what has been used during the last hundred 
years in which treatments may be described as con
scious attempts at conservation?

Throughout history, valuable paintings have been 
mechanically stuck and fastened to their substrates. 
Today, these examples constitute the history of res
toration. They are visible, distinct, workmanlike re
pairs. Perhaps one should call them traditional or 
mechanical. Chemical-physical attempts to stick 
plaster by injection acquired a more scientific app
roach through Nils Månsson Mandelgren’s pioneer
ing work during the middle part of the 19th century. 
With him, there came knowledge from Europe. Un
fortunately, what he used for fixation - animal glue, 
gypsum or lime casein - is unknown. In any event he 
ensured that the plaster adhered - but he was a pio
neer, possibly fifty years before his time.

Most paintings in Sweden were chipped clear 
from overlaying plaster around the turn of the twen
tieth century and it appears from many scanty re
ports that they were fixated with gypsum, that is 
calcium sulphate. Throughout history, gypsum has 
been the material most often used for minor patches 
and repairs to plaster. It is known from articles writ
ten on the subject that calcium sulphate can cause 
weathering of the pigmented layer through its rela-
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lively high solubility in water. However, it has not 
been discovered whether the sulphate ions derive 
from old gypsum repairs or have arrived on the 
painted layer as a result of air pollution.

Another possible material is lime casein. As a 
binding medium, casein is probably as old as the 
human race. It has been used as a paste, cold-water 
glue, and as such was a complement to animal hot 
glues. It has also been used as a binding agent in 
secco and has probably also been used as paste for 
the fixation of loose plaster and stucco throughout 
history. From the 1960s onwards, the use of modern 
polymers has become ever more common, either as 
an additive to injectable grout, or used for point fix
ation - “glue nails”. These days, PVAC and acrylate 
adhesives are used for point fixation of peeling pig
mented layers in conjunction with edge fixation with 
fine lime mortar.

When fixation of excessively weakly bound paint
ing is required, people are these days conservative in 
their use of lime water because of the risk of carbon
isation of the surface and consequent fogging of the 
painting. On the other hand, successful results have 
been obtained in Denmark from the use of lime wa
ter. As early as 1915, treatment with baryte water 
(barium hydroxide) was recommended by Axel Tall
berg in his book “Om måleriets och färgernas kemi” 
(On the chemistry of painting and pigments)! Artists 
were urged to finish their paintings on walls with 
such a treatment. Many articles over the last ten 
years have described barium hydroxide treatment.

Collaboration with conservators of stone has re
sulted in the extensive research resources dedicated 
to stone these days also being made available for 
mural paintings. The Conservation department has 
an important task in testing more systematically the 
new methods and materials described in the interna
tional specialist literature.

In Sweden, mural paintings are often in a well- 
preserved state. This may be regarded as a clear 
proof that poverty and, to a certain extent, a scepti
cal attitude to technical solutions often results in the 
most favourable conditions for preservation. It is of
ten best to make as slight an intervention as possible. 
However, this attitude can lead to depletion of the 
conservation profession. The threat is that walls and 
vaults of churches will be treated by building con
tractor’s painters who clean not only the surrounding 
areas but also the paintings themselves: “It’s just a 
cleaning job and the scaffolding is there anyway”.

So what is wrong with the substances that have 
been used in the past, or have they worked well?

From the perspective of a hundred years it should be 
possible to make an evaluation. Is there any reason 
to try to develop more idiogenic injectable grouts, 
that is with a composition related to that of the plas
ter, or are these attempts merely an expression of a 
negative attitude to modern synthetic materials? We 
need to begin from the beginning by making an eval
uation of the conservation that has actually been car
ried out. The importance therefore cannot be over
emphasised to conceive of every occasion on which 
the walls and vaults of a church are conserved as a 
piece of research in which the work must be carried 
out by a conservator who specialises in that mate
rial. The problems are so complicated and will not 
become any simpler in the future.

Disturbing weathering was noticed in several 
churches during the inventory carried out in Skåne 
in 1995-1997 as part of the National Heritage 
Board’s air cleaning programme as a collaboration 
between the authority, the county museum in Kris
tianstad and the conservator Herman Andersson. 
Complaints have recently also been made of similar 
damage in the county of Malmöhus. We can confirm 
that several churches in Uppland have been surface 
fixated with casein, which has caused discoloration 
and also brings about weathering and peeling of the 
paintings through the tension it applies to the sur
face. What is more, the paintings are often executed 
on thick whitewash, which had poor adhesion to the 
substrate from the outset. What should one do? Point 
fixation will sometimes suffice, but what if the entire 
pigmented layer is part of the danger zone?

On surfaces without paintings the problem is 
somewhat different. A mason described to me how he 
had attached loose plaster with great success using 
lime water, that he had injected. Only that it was so 
simple!

While the painted layer takes precedence on dec
orated surfaces, the goal is rather different when 
treating plain painted surfaces with a historically 
valuable layer of lime and plaster bearing traces of 
the original techniques used. Here it is the substance, 
the cultural-historical entity, the surface layer as a 
part of the fabric of a building that is to be saved. 
The alternative is quite simply to chip the loose plas
ter off. Blown areas have routinely been chipped 
away and repaired with new mortar because there 
was no alternative through which the surface could 
be retained. As a rule, tradesmen carry out work on 
these surfaces. Injecting a material that behaves in a 
different way than the material of the wall, seems 
indefensible. There is a need here for a lime-based
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injectable grout that can be used by expert repairers. 
There are large surfaces available on which to carry 
out tests and the knowledge that gradually results 
can obviously also be to the benefit of the mural 
paintings.

Problems in cleaning
As every conservator well knows, cleaning black
ened mural paintings has its own particular prob
lems. The most common methods are dry cleaning 
with Gomma pane or Wishab, if the paintings will 
withstand this.

It is generally known that mural paintings tend to 
disappear under excessive cleaning. This fact em
phasises the importance of every treatment of paint
ings being carried out by a specialist who is able to 
judge the condition of the pigmented layer. Loss of 
original material is never acceptable in any serious 
conservation context. Paintings need to be rendered 
accessible for cleaning perhaps only once every fifty 
years. Treatment hardly ever involves only cleaning 
but as a rule more complicated measures such as fix
ation of loose material as well. Above all, this is a 
unique opportunity to study the material in all its 
aspects, an opportunity for research.

Paintings with secondary surface fixation in e.g. 
casein complicate cleaning considerably. Can en
zymes possibly be used here? This is yet another 
area for investigation.

The destination of one of the visits during the 
symposium on Gotland was Mästerby Church, where 
the group gathered in front of the Romanesque pic
ture of the Virgin, which is in an acute state of disin
tegration because of its unfortunate position in a 
niche one metre off the floor. This has led to the 
painted layer being exposed to moisture and salt pre
cipitation which has meant that the painting was sur
face fixated on several occasions. Today, it poses a 
delicate problem in conservation.

Conservators clean the paintings while building 
contractors’ masons and painters treat adjoining 
whitewashed areas in plain colour. This is, with few 
exceptions, what happens, at any rate in Sweden. 
The paintings are conserved and the remaining sur
faces of the church are painted over. We all know 
what kind of results routine maintenance of walls 
with matted surfaces and modern lime paint pro
duces - history flies out of the window.

Cleaning plain painted surfaces to a finished sta
te, blending in repairs, is a task that a housepainter 
cannot normally manage. Even for conservators, this

can be a delicate task because of the demands of the 
parishioners for a uniform result. With its limited 
numbers, the conservation profession cannot cope 
with these surfaces but the trend towards routine 
whitewashing over can still be interrupted - at least 
here on Gotland. It is, in fact, Byggnadshyttan pa 
Gotland’s ambition to train those of its group of 
craftsmen who are interested in treating existing sur
faces up to a finished state. I also know that the con
servator Lars Göthberg has favourable experiences 
of collaboration with a painter. This is a niche with 
much room for development for ambitious crafts
men. The word gets about and those who are compe
tent are overburdened with commissions.

In larger churches, cleaning is often cheaper for 
the parishioners and more considerate if it is carried 
out in stages rather than in one single season - that is 
to say, cheaper given a fair comparison in which the 
over-painting is carried out to the same quality re
quirements.

In this company, explaining why, for educational, 
aesthetic, ethical and technical reasons one should 
not whitewash over plaster surfaces would be like 
preaching a sermon to those who are already saved.

By way of conclusion, I would like to quote a piece 
from C.W. Petterson’s proposal for the treatment of 
the paintings in Rone Church in 1914: “The best 
thing would be to have all the whitewashing over 
removed even where there are no paintings so that 
the beautiful old plaster would come to light and no 
cleaning with water should take place for the re
pairs.” In another place he describes the medieval 
plaster surface as “like parchment”.

Discussion

Anders Nord: It seems that the artist intentionally added gyp
sum in Täby. These paintings have a high strength. In Härke- 
berga, on the other hand, there is no gypsum.

Erik Olsson: C.W. Pettersson used milk for instance in Rone(?). 
We have had great problems with this afterwards. Pettersson 
also used gelatine to make the madonna of Mästerby shining.

Sten Peterson: Was buttermilk used? Oil paintings in buildings 
were sometimes varnished.

Lars Göthberg: We used varnish to obtain a mat finish at the 
Dramatic theatre. The type of milk we preferred was “lättfil”.

Ingrid Hemgren: Lars, have you gone back and looked at your 
old PVA- repairs?

Lars Göthberg: Yes, they have worked well and so has gypsum.

Peder Böllingtoft: Gypsum does not work in a humid environ
ment. It dissolves. Gypsum or casein is not used today in Den
mark.
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Ingrid Hemgren: Also in Sweden we do not use gypsum or casein 
today. These materials are obsolete for conservation purposes.

Karna Jönsson: Are inventories made of mural paintings in 
Danish churches?

Peder Böllingtoft: It is up to the parish. A damage assessment 
of mural paintings is sometimes made when the outside of the 
church is lime-washed. The churches in Denmark are usually well 
kept. I have shown exceptions with paintings in bad condition.

Ingrid Hemgren: Do you have discussions about cleaning the 
interior plaster rather than lime-washing the surface?

Peder Böllingtoft: Not so often.

Ingrid Hemgren: Salt damages will reappear within two years 
after lime-washing.

Cecilia Engellau-Gullander: You seem to have money for a lot 
of documentation around the conservation work. Who pays?

Peder Böllingtoft: The church may ask for money including a 
thorough documentation. It is recognised that to conserve is 
not only to wash and paint. The National Museum follows 
what happens to the wall paintings.

Pentti Pietarila: How large is the wall painting group? How 
do you authorise private conservators?

Peder Böllingtoft: The wall painting section at the National 
Museum numbers about 10 people including students. A pri
vate conservator who is to be given a conservation task has to 
have a degree in conservation with a specialisation in wall 
paintings. So far there is only one private wall-painting con
servator in Denmark.
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The fate of mural paintings
Åke Nisbeth

There is a fallacy, still to be disposed of, that the 
Reformation involved a repudiation of the pictures 
of the middle ages and their imagery. Attacks on pic
tures - that is conscious destruction of mediaeval 
images - did take place but only over very short pe
riods and in single locations. We now know that the 
breach with the Catholic Church was not something 
that took a dramatic form. It was, rather, a matter of 
progressive change that only affected the interior of 
the church, its furnishings and decoration to a limit
ed extent. Neither were pictures regarded as “adio- 
fara”, that is, unimportant matters. So long as there 
was no question of iconolatry, there was no objec
tion in principle - people were perfectly conscious 
that the picture had a role to play in religious in
struction. I am for my part unaware of any example 
of a mediaeval mural painting, which has been 
whitewashed over for theological reasons, before 
quite a way into the 17th century, in other words 
not until the doctrine had acquired its stable form. 
Neither was there any central objection to mediae
val pictorial art - quite naturally as, in the vast ma
jority of cases, it reproduced central Christian mo
tifs. It was the more dramatic depictions of devils 
and odd scenes to which the leaders of the Church 
objected. The Catholic Church would scarcely have 
accepted these pictures either after the Council of 
Trent.

The drastically changed finances of churches af
ter the Reformation played a considerably greater 
part than theological considerations in why so much 
of the decoration of mediaeval church interiors was 
left undisturbed - for a start there was quite simply 
no money for any renovation. When, by degrees, fi
nancial conditions improved at the same time as the 
theology of the reformed church was assuming a 
more permanent form, refurbishing and redecora
tion of church interiors got under way again. It is par
ticularly interesting to note that it was in the parts of 
the country ruled by Duke Karl, later Karl IX, where

a more calvinistically influenced branch of the re
formed church dominated - in other words where 
one would have expected to find a more hostile atti
tude to pictures - that people were most energetic in 
providing churches with new wall and vault paint
ings. The fact that their agenda and the content of 
their paintings are quite different from those of their 
mediaeval forebears is perfectly self-evident, but the 
pictures retain their function of teaching and in
structing. It so happened that the areas of Sweden 
concerned - initially Södermanland and Närke - 
had relatively little mediaeval painting so that, ex
cept in some isolated instances, replacing or “im
proving” mediaeval paintings was not involved.

When mediaeval painted decoration disappeared 
under whitewash, it was usually practical reasons 
that motivated the interference. The ever more acti
ve participation of the congregation in divine ser
vice, possibly mainly through hymn singing, and ever 
more widespread literacy introduced a requirement 
for better lighting. The parson, too, needed better 
light to give his sermons, which were normally read 
from a manuscript. This led to existing windows be
ing enlarged and new ones opened up which entailed 
drastic interference with mediaeval wall paintings 
where they existed and enforced whitewashing. With 
isolated exceptions, the cases in which mediaeval 
paintings have been spared whitewashing involve 
exclusively paintings on vaults, not on walls.

Worn and dirty mural paintings, with a content 
that had become rather hard to interpret in places, 
naturally also led to renovation. Many examples of 
this can be found, especially on Gotland. There are 
innumerable decorated vaults from the Baroque pe
riod that replaced the original mediaeval decora
tions. Quite clearly there are also examples of medi
aeval paintings being “modernised” in an attempt to 
adapt them to orthodox Protestant theology - the 
absidal paintings in Mästerby on Gotland are one of 
the most obvious examples of this.
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When we get a good way into the 18th century 
when pietists and the philosophy of the age of en
lightenment came to influence the doctrine of the 
church more and more, the time of mediaeval im
agery was definitely up. Even from an aesthetic 
point of view, mediaeval monumental painting was 
felt to be more than a little strange. In cases where 
mediaeval churches were big enough to accommo
date the ever growing population - this possibly ap
plies principally to Gotland - the mediaeval paint
ings disappeared under whitewash in order to adapt 
the interior of the church as much as possible to the 
practical and aesthetic requirements of the time for 
bright and well-lit church interiors. Pictures had also 
to a large extent lost their role as an aid to instruc
tion in the Christian faith - literacy meant that the 
catechism took the place of pictures. When congre
gations opposed the demands of the church authori
ties that mediaeval paintings be whitewashed over, 
this did not come about for religious reasons but out

of reverence: “what their fathers prized, they will 
not do without” was the objection of the congrega
tion when Bishop Andreas Rhyzelius tried to con
vince the parishioners of Risinge in Östergötland 
that they should whitewash over the vault paintings 
of the church.

When did the time come to rediscover the monu
mental painting of the middle ages? The association 
Götiska förbundet, founded in 1811, devoted itself 
chiefly to Old Norse myths but some members were 
also interested in mediaeval art, mainly as a result 
of having paintings copied that they had become in
terested in, often for purely chance reasons. One of 
the most interesting notes can be found in Marianne 
Ehrenström’s “Notice sur la littérature et les beaux- 
arts en Suede” printed in 1826. In it the paintings at 
Litslena and Kumla are mentioned, still among the 
most highly regarded mediaeval mural paintings. 
The paintings in Litslena were whitewashed over 
as late as 1838, despite the protests of the Academy 

of Literature, History and An
tiquities whose secretary was 
the National Antiquarian. Lof
ta Church in Småland, which 
was torn down in 1837, was 
marvellously arrayed with me
diaeval paintings that were do
cumented on the initiative of Lo
renzo Hammarskiöld, a mem
ber of the Götiska förbundet.

The wave of demolition 
that destroyed a large part of 
the country’s churches during 
the 19th century did not give 
rise to any more vigorous 
objections from the official 
representative of heritage pre
servation, the National Anti
quarian, and his employer the 
Academy of Literature, Histo
ry and Antiquities. People we
re content in most cases to make 
drawings of the details of the 
paintings in churches threat
ened with being torn down.

Risinge Old Church, north wall. 
Falconer with a falcon in one hand 
and a piece of meat in the other 
hand. Painting probably uncovered 
by Mandelgren in 1846.

The fate of mural paintings 15



that were regarded as most interesting. They chose 
such paintings as they found interesting and often 
set out from an archaeological viewpoint choosing, 
for example, pictures of costumes and weaponry 
that complemented preserved objects. One of these 
draughtsmen, who was called in by the Academy, 
was Nils Månsson Mandelgren from Skåne, born in 
1813. He received his artistic training in Copen
hagen and Stockholm and made his first journey on 
behalf of the Academy in 1846, the last in 1850. But 
Mandelgren was not content with simply sketching 
whatever was historically valuable. He committed 
himself with tremendous energy to the preservation 
of churches which he judged to be of great value and 
threatened with being torn down. He very quickly 
came into a clash of interests with the National Anti
quarian, Bror Emil Hildebrand. “I would have as 
little as possible to do with Mandelgren. He is both 
impudent and disagreeable to see and hear”, Hilde
brand noted as early as 1849 and in 1871 he was still 
characterising him as “a so-called artist of the most 
worthless kind, without talent, without ordinary 
manners”. Mandelgren replied in the same coin but 
did not give up and continued his activities as a 
draughtsman and spokesman for the art of the mid
dle ages. His magnum opus was his volume of prints 
“Monuments scandinaves au moyen age”, published 
in Paris in 1856 with an imperial subsidy for the col
oured plates for which he himself was responsible. In 
this way, an international public got to know a selec
tion of Sweden’s best mural paintings. With more or 
less ill grace, Hildebrand followed in Mandelgren’s 
footsteps to preserve Södra Råda Old Church, Risinge 
Old Church and Floda Church in Södermanland, 
some of the churches we now regard as priceless.

It should also be mentioned that Mandelgren ac
quired a certain amount of training as a conservator 
during his studies in Copenhagen under Jens Peter 
Möller and on a study trip in 1842-1843 consisting 
mainly of short visits to several of the most re
nowned continental workshops of the period. The 
training can scarcely have been thorough but he sup
ported himself, at least on occasions, by conserva
tion work. On his visit to Risinge Old Church in 
1846, he uncovered a High Gothic painting on the 
north wall of the nave - when it is studied at close 
quarters, one can see that he has dealt carefully with 
the original painting. However, his greatest work in 
mural paintings was to uncover and conserve the 
Romanesque paintings in Bjäresjö Church in Skåne 
in 1852. He also published his observations on pig
ments and techniques (he had had paint samples an-

Bjäresjö Church. Water color by Mandelgren for his 
“Monuments”, published in 1856.

alysed) and reports of his own methods in the Sven
ska Fornminnesföreningens Tidskrift of 1873/1874. 
In order to make them known to an international 
public as well, he had a French translation pub
lished. It is much to be regretted that at the end of the 
19th century the Bjäresjö paintings were “impro
ved” by a decorative painter with less outstanding 
talents, which is why it is no longer possible to deter
mine how Mandelgren worked as a conservator of 
mural paintings.

Mandelgren’s work to uncover and restore the 
paintings at Bjäresjö is the first example of an inter
est in mediaeval monumental art extending to con
servation and repair and not satisfying itself with 
drawings of interesting details. Another early exam
ple is the Late Gothic paintings at Kungs-Husby in 
Uppland. In 1859 the church interior was to be reno
vated when paintings were encountered in its me
diaeval vault. Happily Johan Börjesson, Dean of 
Veckholm and Kungs-Husby was a man with an in
terest in and knowledge of history - his achievements 
included plays on historic themes that had secured

16 Conservation of mural paintings



him a place in the Swedish Academy. He put a stop 
to the works that had been commenced and called in 
one of his artist friends, the architect Fredrik Wil
helm Scholander, who inspected the church and re
commended that the paintings be retained and con
served. Given Scholander’s support, Börjesson wrote 
to the King requesting a government subsidy for the 
work, which was to be carried out by the “artist” 
Johan Zacharias Blackstadius. The National Anti
quarian Bror Emil Hildebrand inspected the paint
ings and, since he too approved, the royal grant of 
750 riksdaler riksmynt that Blackstadius had re
quested for his work was allowed. It has not so far 
been possible to establish whether Blackstadius also 
tried his hand at restoring mural paintings during his 
study trips on the continent. It was certainly thanks 
to Dean Börjesson’s watchful eye that the restoration 
was very cautious, particularly for its time, with 
limited retouching and few entirely newly painted 
scenes - in contrast to Blackstadius’ later works in 
Västeråker and Husby-Sjutolft from the 1870s.

During the latter parts of the 19th century Bror 
Emil Hildebrand and his successor as National Anti
quarian, his son Hans Hildebrand, still did not en
gage in any particularly active efforts to stop 
churches with notable mediaeval paintings from be
ing torn down. They saw, however, - and supported 
- how mediaeval mural paintings were being uncov
ered and added to, usually by decorative painters, 
seldom under any more careful control and almost 
always with the objective of creating a unity from 
generally quite fragmentary paintings. Allow me to 
quote what Bror Emil Hildebrand wrote in the con
clusion to his report on Kungs-Husby: “Although 
damaged here and there by scratches in the wall, 
these paintings are so well preserved that it should 
be possible for a skilful artist to restore them perfect
ly truthfully in respect of both form and colour”.

The restoration of Strängnäs Cathedral in the 
years 1907-1910 with Fredrik Lilliequist as the ar
chitect and the future National Antiquarian Sigurd 
Curman as an extremely zealous and single-minded 
historical supervisor was to be a turning point in the 
method of treating newly discovered mediaeval wall 
paintings. In future, caution with the original, the 
smallest possible amount of retouching and addi
tions as well as careful indication of newly added 
parts became the dominant principles, even though 
they were not adhered to with complete consistency.

So far as Gotland’s mediaeval paintings are con
cerned, their history is the same in its broad outlines 
as in the rest of Sweden. In his book “Gotland mural

paintings 1200-1400” published in 1971, Bengt G. 
Söderberg gives by way of an introduction an excel
lent and forward-looking description of the conser
vation history of the Gotland paintings. On Gotland 
too, the mediaeval paintings had on different occa
sions and for various reasons disappeared under 
whitewash or new decoration. According to Söder
berg only three decorations had been spared plaster
ing over or total repainting - those on the chancel 
arch in Vallstena and the Passion friezes at Ganthem 
and Norrlanda.

In 1872 paintings were encountered in the choir 
of Lärbro Church. The Bishop of Visby wrote to the 
National Antiquarian - Hans Hildebrand at the time - 
and reported the find. The Bishop believed that draw
ings should be made of the paintings in question, and 
that the paintings should not be preserved. Hilde
brand, however, travelled to Lärbro and proposed 
that the parishioners should have all the paintings in 
the choir uncovered to be left in the “as-uncovered” 
state, that is, without retouching or additions. Here 
Hildebrand represented almost a Curman principle 
- as he also did where some other churches were 
concerned when he was able to verify that the great 
majority of what was preserved was original. The 
next discovery of paintings occurred in Vamblingbo

Kungs-Husby Church. David with Goliat’s head.
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in 1885. Their restoration was delayed until 1894 
when the great scene with the soul weighing of the 
Emperor Henrik on the north wall was “heavily re
stored”, as the congregation itself admitted.

The most discussed - both famous and notorious 
- was the restoration of Dalhem Church carried out 
between 1899 and 1907. The architect was Axel 
Herman Hägg, born on Gotland but mainly active 
in England. At his side was the Gotland decorative 
painter Carl Wilhelm Pettersson, generally known 
as “Gotlands-Pelle” already during his lifetime. The 
Dalhem restoration was one of the most consistent 
church restorations of the turn of the century. Hägg 
was responsible for the architectural and artistic part 
while Pettersson was the practising craftsman who 
decorated the church interior and also took in hand 
the rather limited High Gothic paintings of the nave.

Hägg and Pettersson were also jointly responsible 
for the restoration of Ardre Church in 1900. After 
this it was at Hemse Church that Carl Wilhelm Pet
tersson commenced his own independent activities 
as a conservator that was concluded on Gotland in 
the uncovering and restoration of the paintings in 
Oja in 1938-1939. Söderberg gives an exhaustive 
and detailed account of Pettersson’s many projects 
and reports the contemporary assessment of his work 
together with Pettersson’s own view of his activities. 
Criticism and fame alternated and it must also be 
admitted that his touch could indeed vary from one 
church to another.

Exposure of the painted decoration in Gotland’s 
churches continued after the end of the war in 1945, 
now with the application of the principles introduced 
by Curman. Some conservators from the mainland 
have been active on Gotland but the most numerous 
works - and the most comprehensive ones - have 
been carried out by Erik Olsson. Only two Gotland 
churches now have plastered over mediaeval paint
ings and discussions on whether they should retain 
their protective layer of lime or whether curiosity 
should triumph and the plastering over be removed 
are in progress.

The restoration of Strängnäs Cathedral in 1906- 
1910 under the supervision of Sigurd Curman meant 
in principle victory for respectful treatment of ex
posed mural paintings. As National Antiquarian 
from 1923, Curman also for many years had the op
portunity to control the direction of heritage preser
vation in accordance with the principles he had for
mulated. Like the majority of the conservators 
engaged in this type of work during the first decades 
of the 20th century, the people who uncovered and

restored the paintings at Strängnäs were all trained as 
decorative painters. As we can see from a good 
number of churches, quite a lot of them had difficul
ty in totally accepting the Curman principles of re
spect for the original and refraining from retouching 
and additions.

There is reason to be particularly thankful that, 
with a few exceptions, Sweden was spared the many 
new materials for fixation and conservation that came 
into use on the continent and in England during the 
first half of the 20th century and even earlier. Dam
age from unsuitable materials is therefore rare. An 
excess of casein in the limewater, which was the nor
mal fixation medium, has led to flaking-off in some 
cases; too many treatments with limewater may 
have resulted in a grey fogging over the paintings.

So little by little there grew up a group of conser
vators who were fully worthy of the name. The ma
jority of them were based in Stockholm with Alfred 
Nilson and his many collaborators in the dominant 
roles. But soon there were also quite a number of 
representatives of the profession in other parts of the 
country. Some county museums also acquired their 
own mural painting conservators - as far as I know, 
the first was Linköping Museum. For most of the 
20th century the Board of National Antiquities has 
been busily active as a collaborative partner with 
conservators - and their customers - and is now it
self also actively engaged in mural painting conser
vation work. The Curman principles have survived 
to this day and will, one hopes, cope with the new 
century.

The most immediate task for conservators of mu
ral paintings will in future not be to uncover plas
tered over paintings, nor yet attempting to reinstate 
those that are heavily restored. It is now a matter of 
dealing with those paintings that have been uncov
ered and restored over the last hundred years. They 
require looking after and care if they are to have any 
chance of surviving for future generations in a rea
sonably unchanged state. With collaboration be
tween institutions and individuals who devote them
selves to mural paintings - conservators, engineers, 
scientists and art historians - it should be possible to 
broaden and deepen the knowledge we require to 
take on this important task. To acquire this know
ledge cannot be speeded up but will require long and 
patient efforts. We know all too well what the conse
quences of new materials and methods can be - 
things that were put forward enthusiastically but 
which after a time proved to be something other than 
the unbeatable solution.
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Chemical analysis of mediaeval mural paintings
Anders G. Nord and Kate Tronner

Introduction
In order to assist conservators in their work and to 
increase the general knowledge of old mural paint
ings, 230 samples from mediaeval Swedish churches 
have been chemically analysed. The present report 
describes results from two churches, Mästerby 
Church in Gotland and Täby Church in Uppland.

General information on sampling and chemical 
analysis is summarised. We have mainly utilised 
scanning electron microscopy and X-ray powder dif
fraction. Among the pigments found in Mästerby 
Church, iron oxides, ochre pigments, the copper hy
droxide chloride atacamite, and ultramarine are 
common. In Täby Church the following pigments 
occurred frequently: soot (carbon black), red lead 
(minium), various ochre pigments, iron (III) oxide, 
malachite, atacamite, and azurite. Less common are 
bone black, lead white, massicot, lead-tin yellow, 
cinnabar, caput mortuum and a red vegetable dye 
(Rotholz). Ultramarine was not found. Lead pig
ments such as lead white, red lead and massicot/ 
litharge in calcareous paintings have slowly oxi
dized to form black or dark brown lead dioxide 
(plattnerite). Some organic binding media have been 
identified by GC-MS.

Many mediaeval churches in Sweden contain 
original mural paintings. They represent an invalua
ble part of Sweden’s older art treasures and have 
been described in detail by art historians. However, 
very little chemical work has been done so far. It 
goes without saying that further study of these paint
ings with modern instruments is essential for the his
tory of art and to help conservators in their difficult 
and important task. A project was initiated at the 
National Heritage Board to analyse the pigments in 
these paintings and to some extent also possible orga
nic constituents. So far, mural paintings in churches 
on Gotland and on the mainland have been inves
tigated by means of 230 samples (cf. Nord et al.,

1996; Nord & Tronner, 2000). In addition to project 
work, we also carry out such analyses on a commer
cial basis.

The present report describes results from two 
churches. We start with the mural paintings from the 
13th century in the Mästerby church in Gotland, 
where we presented our results during the Mural 
Paintings Seminar of June 1999. The second is the 
church at Täby in Uppland, decorated at the end of 
the 15th century by Albertus Pictor and his atelier. 
Information on the pigments and binding media 
found by our chemical analyses was distributed dur
ing the seminar.

The next section includes general notes on sam
pling and chemical analysis. We have utilised SEM/ 
EDS and XRD (see below). Some of the samples 
were also analysed for organic constituents by GC- 
MS. The next two sections describe the pigments 
found in the mural paintings at Mästerby and Täby. 
The last two sections contain comments on binding 
media and, finally, some conclusions. A list of rele
vant references is provided at the end of the paper.

Sampling and chemical analysis
The analytical work begins with inspection and docu
mentation of the objects during which representa
tives of different fields should be present - conser
vators, art historians, chemists, photographers etc. 
The objective of the investigation should preferably 
be discussed in order to gain as much information 
as possible from the subsequent chemical analyses. It 
is important to use the correct tools when taking 
samples to avoid damaging the object (see e.g. Tron
ner, 1984). The sample size should be adequate but 
not unneccessarily large. Samples should be kept in 
small, labelled boxes with a lid. It is a good idea to 
photograph the sites of sampling and record all rele
vant details. Flakes of colour can usefully be cast in
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a small plastic cube for determination of the paint 
layer structure of the cross sections.

An optical microscope is essential for preliminary 
examination. Wet chemistry tests can often be used 
but are seldom quite trustworthy. For reliable iden
tification, modern analytical instruments must be 
used. A scanning electron microscope equipped with 
an energy dispersive spectroscopy system for X-ray 
microanalysis (SEM/EDS) is an appropriate instru
ment for extremely small samples. SEM/EDS is a 
fast and useful analytical method for inorganic pig
ments but not for organic substances because carbon 
and oxygen cannot be determined quantitatively with 
precision, Neither can trace elements be detected; in 
this case, X-ray fluorescence spectroscopy (XRF) can 
instead be used, although this technique requires 
larger samples. Both methods are non-destructive - 
that is, the sample is unaffected by the analytical 
procedure. Both SEM/EDS and XRF are available at 
the conservation department of the National Herit- 
age Board in Stockholm, where we have more than 
20 years experience of pigments analysis.

SEM/EDS is a method for rapid elemental analy
sis. In many cases the element composition is suffi
cient to identify a pigment, but sometimes an addi
tional analytical technique is needed, such as X-ray 
diffraction. The sample gives a unique “finger print” 
in the form of a diffraction pattern, which is recorded

photographically or with an electronic detector. For 
organic substances FTIR (Fourier-Transform Infra
red spectroscopy) or GC-MS (gas chromatography 
with mass spectrometry) can be used. Should it be of 
interest to try to find the origin of a pigment, sensi
tive methods for analysing trace elements, like 
FIXE, can be used. Isotope investigations using a 
mass spectrometer can sometimes provide valuable 
information on origin and authenticity. The two lat
ter methods can be used to reveal forgeries.

Chemists must do the interpretation of the analyti
cal results. Impure pigments and mixtures make the 
analysis more difficult. It is necessary to consider 
that pigments and binding media may have changed 
over time. For example, a bright lead pigment on a 
lime wall may have oxidized to black or dark brown 
lead dioxide. Moisture, heat, sunlight, micro-organ
isms, air pollution and soot are other factors which 
may discolour and affect colours and binding media. 
A sound knowledge of materials science is therefore 
necessary in this context.

Pigments in Mästerby Church, Gotland
The well-preserved mural paintings in the church at 
Mästerby date from the 13th century. The paintings 
(al secco) are of Byzantine origin (cf. Curman &c 
Roosval, 1935; Lagerlöf, 1972). They have been re

stored several times, but we only ex
amined sections that we considered 
to be original. Blue, brown and grey 
colours predominate (see Fig. 1 and 
2; cf. also Nord & Tronner, 1992, 
1993a). In total, 44 samples were 
taken for chemical analysis. Many 
of the pigments are natural mine
rals, some of them already known 
in prehistoric times. Ultramarine 
has mostly been used for the blue 
colour. In the Middle Ages it was an 
extremely expensive pigment, bear
ing witness to the wealth of the is
land of Gotland, which was a great 
commercial centre at that time. 
Other pigments observed are carbon 
black, ochre pigments, iron oxides,

Fig. 1. The ceiling of the apse of Mästerby 
Church, Gotland. The blue colour is ultra- 
marine, also referred to as lapis lazuli.



Fig. 2. A detail of the mural paintings in Mästerby 
Church, rich in ochre pigments.

cinnabar, malachite, atacamite (copper hydroxide 
chloride), traces of blue azurite and yellowish-green 
iron phosphate, lead white, and red lead. In many 
cases the lead pigments have now been converted 
into blackish lead dioxide.

Pigments in Täby Church
The church at Täby was decorated by Albertus Pictor 
and his atelier at the end of the 15th century. The 
mural paintings (al secco) are very decorative with 
scenes from the “Biblia Pauperum”. Only a few res
torations have been carried out over the centuries. 
The paintings were originally brightly coloured, but 
have now darkened because lead pigments have

Fifteen samples have been analysed by 
gas chromatography and mass spec
trometry (GC-MS). Nine of these con
tained remains of organic constituents 

that may have acted as binding media. The main 
constituents are stearic and palmitic acids indicating 
the use of vegetable-based drying oils, erucic acid (a 
common constituent of turnips), as well as casein 
and other proteins. We have also observed that the 
lime in Täby church often contains small amounts of 
gypsum on the surface of the mural paintings, which 
may have been intentionally added by the artists to 
improve the surface of the lime for mural painting.

Conclusions
Our chemical investigations show that a limited 
number of pigments were used in these mediaeval 
mural paintings. They are mainly naturally occur-

oxidized to black or brown lead dioxide 
(plattnerite) (cf. Giovannoni et al., 1990). 
Black candle flames are illustrative of 
this transition; cf. Fig. 3.

A total of 70 small samples from the 
Täby church paintings have been taken 
for chemical analysis. The following pig
ments are of frequent occurrence: car
bon black, lime, red lead, various ochre 
pigments, red-brown iron(III) oxide, ma
lachite, atacamite, and azurite. Green 
earth has occasionally been used for 
lawns. Less common are bone black, 
massicot, lead-tin yellow, cinnabar, ca
put mortuum, and a red vegetable dye 
(Rotholz). The efforts of mediaeval al
chemists are clearly reflected in the 
greater number of synthetic pigments as 
compared with those found in Mästerby 
church. As a curiosity of Täby, a hither
to unidentified yellow copper vanadate 
has been found, probably an impurity 
(Fig. 4). Neither ultramarine nor gold 
has been identified in any of the paint
ings. Further illustrations are shown in 
Fig. 5 and 6. For more details, see Nord 
& Tronner (1993b, 1996).

Some notes on binding media
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Fig. 3. Täby Church, illustrating the dance around the golden 
calf. Note the black candle flames, an effect of oxidation of bright 
lead pigments into black lead dioxide.

Fig. 4. The evangelist St. Matthew in a painting in Täby Church. 
Note the yellow patches of copper vanadate on the green mantle, 
painted in malachite and atacamite. Other pigments shown are 
azurite (the wings), green earth (the grass), iron oxide (the stars), 
and carbon black (the Latin inscription).

Fig. 5. Goliath in his suit of armour, Täby Church. The 
blood in his eye and mouth is painted with cinnabar (HgS).



ring substances such as soot for black colours, lime 
(calcium carbonate) for white colours, and various 
coloured minerals. Some pigments have been pro
duced synthetically such as lead white, red lead, 
lead-tin yellow and probably atacamite as well (see 
below). (Hansen & Jensen (1991) have published an 
excellent summary of pigments). Occasionally, traces 
of organic dyes have been observed. The use of vege
table dyes has possibly been relatively common but 
these delicate pigments have decomposed over the 
centuries.

Fig. 6. Moses and the blindworm, Täby Church. The man in the 
middle is wearing badges on his hat as a sign of pilgrimage. His 
clothing is painted in malachite and azurite. Note the two shades 
of blue at the bottom of his clothing, obtained by different pro
portions of azurite and lime.

Three substances have an interesting background 
and will be discussed in more detail - lead dioxide, 
copper vanadate, and acatamite. A dark colour was 
commonly observed in the paintings investigated - 
dark brown, black or greyish black lead dioxide. 
These constituents of colours occur in such inappro
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priate places that one realises that the dark colour is 
the result of an unforeseen chemical change. Yellow 
and red oxides of lead, together with lead white 
(lead hydroxycarbonate) are common mediaeval 
pigments. Especially in chemically basic environ
ments such as lime substrates, these pigments are 
oxidized over time to lead dioxide (compare Gio- 
vannoni et al., 1990).

Another interesting phenomenon is the spots of 
yellow copper vanadate on green areas as evidenced 
in Täby Church (Nord & Tronner, 1996) and in 
some further churches. The green background colour 
is always malachite or atacamite. The presence of 
copper vanadate is remarkable since its yellow col
our is greatly at variance with the green colour.

The third substance is atacamite, a copper hy- 
droxychloride (“basic copper chloride”) with the 
chemical formula Cu2C1(OH)3. Earlier opinion was 
that all green pigments in mediaeval mural paint
ings were malachite, a hydoxycarbonate of copper. 
Thompson (1994) does not even mention atacamite 
in his comprehensive review and Kuhn et al. (1988) 
refers to it only in passing. However, atacamite had 
already been described as a pigment by Terrace 
(1968). It seems that atacamite was particularly 
common in Egypt, India, Japan and China. As a 
mineral, it is uncommon in Europe, where it occurs 
infrequently with other copper minerals. However, it 
is often formed by atmospheric corrosion of copper 
in a salty environment (e.g. Nord, Tronner & Boyce, 
2001) and could probably have been produced in 
some alchemical laboratory, cf. Naumova & Pisa
reva (1994).

The presence of organic substances indicates that 
they were sometimes used as additives to the lime. It 
also probably came about, possibly by chance rather 
than intention, that gypsum mixed with lime gave a 
better surface to paint on. Analysing more mediae
val mural paintings in detail would obviously be of 
great interest in order to see whether the results are 
of general application. However, our chemical analy
ses and investigations have clarified many impor
tant problems and increased our knowledge of medi
aeval painting materials.
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Fixation, consolidation and cleaning of murals
Sten Peterson

Introduction
This article describes some methods for consolidating 
and cleaning ancient lime based “secco” mural paint
ings and plain renderings.

On the basis of his long experience in the field, 
the author presents traditional techniques, especially 
those employing lime, lime water and gomma pane, 
to stress the importance of using materials compati
ble with the original ones in terms of both strength 
and composition. The purpose is to avoid unneces
sary conflicts between fragile, sensitive old surfaces 
and repairs that are too hard and can over time 
cause chemical reactions and other undesired effects 
- and, furthermore, to attain long lasting conserva
tion sympathetic to the ancient materials and amen
able to further repairs.

In this paper the author would like to bring up 
experience he has acquired of some materials and 
methods used for conservation in the field of lime- 
based materials and methods for plaster and walls 
with and without decoration. The choices of materi
als and methods in the projects presented are exam
ples of how their characteristics and the need for

Fig. 1. Järstad Church. “The Birth”. Detail during exposure and 
fixation. Like the following ones, this photograph was taken by 
the author at the time of the conservation work.

care of different objects change depending on the 
material, its composition and the type of damage. 
Therefore no standard recipe for treatment can be 
given except that:

• the materials and methods used in conservation 
of murals should preferably not introduce into the 
object any substances that would change its origi
nal composition and give the material treated a 
new character,

• material introduced should work with and not 
damage the object being attended to and should 
not render future care impossible.

• when dealing with damage, not only the damage 
itself but its causes should be attended to. The 
causes of damage may with within the building 
itself or external to it.

Fixation of plaster
When fixating plaster, sufficient wetting before in
jection is required for the molecules of the fixative to 
be able to penetrate both materials that are to be tied 
together as well as to bind together loose material 
between the plaster and the wall. With inadequate 
wetting there is a great risk of lamination, that is, of 
the fixative introduced settling between wall and 
plaster as a new material and forming a layer of its 
own. When this happens, the risk of stresses and de
fects in the external bonding between the materials is 
high and conservation measures may thus be self
destructive.

Lime casein is a traditional material in which the 
casein is a substance foreign to the wall. It is an or
ganic compound which, after drying, is insoluble in 
water but can be broken down by micro-organisms 
in an environment where there is a lot of moisture in 
the wall. Lime casein is a fresh product and should 
be used within a few days of being prepared. The 
method is labour intensive in both preparation and
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Fig. 2. Järstad Church. “The Three Wise Men”. During exposure and fixation. 
The grey areas are plaster that was later removed.

Fig. 3. Järstad Church. “The Three Wise Men”. After exposure and fixation.

injection and can cause discol
oration of the surface if handled 
carelessly but can also give good 
results in the right conditions.

One object in which plaster 
has been fixated with lime ca
sein is Järstad Church in Öster
götland. The church was built 
of brick and provided with 
vaults in several stages, the lat
est around 1360. We were com
missioned to reveal the vault 
decoration under layers that in
cluded four layers of lime. It 
turned out that the great major
ity of the plaster in the vault 
had very poor adhesion that 
arose to a large extent from 
delamination and weathering 
of the underlying brick of the 
cells of the vault. Fixation had 
to be achieved partly of plaster 
to brick and partly of delami
nated and weathered brick sur
faces to the underlying remain
der of the brickwork. There 
was minimal opportunity for 
seeing exactly where the differ
ent types of damage were lo
cated. The requirement for a 
fixation agent was high pene
tration into both materials and 
especially into the weathered 
brick. Point fixation was not 
regarded as satisfactory as the 
substrate was unstable. The op
tion chosen was lime casein, 
which both fills and has good 
penetration. In addition, crushed 
brick and lime in combination 
often result in a hydraulic re
action that was beneficial in this case. The lime casein 
was continually agitated using paint mixers on a drill 
in order to decrease its viscosity and also to prevent 
the lime from settling out. Injection was carried out 
after repeated wetting. A certain amount of post-wet
ting of the plaster surfaces was carried out to promote 
the hydraulic reaction. Where pressure was required, 
“green sticks” were used - that is, fresh young hard
wood. Exposure and fixation were carried out in par
allel (Fig. 1-3). When checked a decade later, the 
work remains intact.

Primal is an acrylic emulsion with a high pH 
value and very good penetration. Any residue on the 
surface is easy to remove if this is done immediately 
and leaves no discoloration or sheen. Its good pene
tration also means that injection holes in the plaster 
are usually not necessary. Primal has been used in 
Italy both internally and externally since the 1970s.

Vårdsberg Church is a mid-12th century round 
church with a choir and transepts added about a 
hundred years later. The choir and transepts were 
decorated in 1615. In the vaults the decoration is on
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Fig. 4. Vårdsberg Church. Skim over 
limestone with adhesion defects and 
earlier plaster repairs.

top of 15th century painting. The painting was un- 
covered from its superposed layer of lime in 1939. 
The walls of the transepts are built of dressed lime
stone, which received a skim of plaster when the dec
oration was executed. When the decoration was con
served in 1994-1995, there were failures of adhesion 
and defects in the underlying limestone surface in the 
walls of the transepts (Fig 4). This damage with fine 
cracks in the limestone and the presence of only a 
thin, elastic plaster layer required a fixative of very 
low viscosity. Lime casein was not regarded as suit
able since it would be very difficult to introduce into 
the thin plaster layer and there was also a high risk 
of discoloration of the surface. Tests carried out with 
PVA in investigations ten years earlier had not 
proved satisfactory. After new tests, the choice was 
Primal AC 33 diluted with 35 % water which pene
trated both the skim and the limestone very well, 
provided good fixation and, furthermore, left no 
trace on the surface.

When the 17th century decoration at Vårdsberg 
was revealed in 1939, gypsum was used as a fixative. 
The gypsum mixture injected then had stuck as a 
lump at the injection site, stretched the thin skim and 
left a cavity between wall and plaster that later 
caused damage and loss of plaster. Gypsum was also 
used to conceal damage and fix plaster edges along 
lacunae in the skimmed surfaces. The gypsum was 
applied with both a paint brush and a spatula and over
lapped the decorated surfaces. Retouches carried out 
on the plaster repairs had serious colour changes. 
Because of the overlap and the variable structure of

the surface, the gypsum layers 
were removed by hand after 
moistening with lime water. The 
gypsum exhibited no great hard
ness. Similar experiences have 
been had in other churches treat
ed in the 1930s by the same col
league.

The plaster on the vault of 
Vårdsberg Church had defective 
adhesion to the underlying brick 
vault, probably caused partly 
by enthusiastic use of an exces
sively heavy and blunt hammer 

when it was revealed. The plaster was relatively 
strong and the brick below it was intact. The “glue 
nail” method of fixation was chosen - that is, injec
tion of small quantities of glue at strategically cho
sen locations. The material used was KP4 and HER
NIA 6230 mixed in equal proportions. The glue was 
injected through 1 mm needles that did not need 
holes drilling - in other words, minimal loss of plas
ter. Before gluing, water was injected plentifully sev
eral times. The glue takes a hold as it dries and re
quires no pressure. Very small areas of the original 
were involved in the procedure. The material is not 
soluble in water. No tests of the resistance of the 
material to ageing were carried out.

Cracks and lacunae
Hydraulic lime grout is a suitable material for fill
ing larger cracks and the like in walls as it carbonis
es even if there is no access for air. On some occa
sions, very liquid grout has been introduced into 
cracks in walls using a hose equipped with a funnel. 
The method requires plenty of water, which then re
quires plenty of care to avoid discoloration of adja
cent surfaces. Injection using a syringe after activa
tion in a mixer has also been used. The fixation and 
consolidation work well if there is sufficient space 
for the fixative but its introduction is not without 
problems.

Lime mortar is an excellent fixative for the edges 
of lacunae etc. It can be bought ready made up or 
put together from raw materials. It can be used in at
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least as many ways as there are users but it is impor
tant to study the composition and strength of the 
original mortar as a guide to the choice of raw mate
rials and preparation and to let the mortar rest for a 
few days before use. The mortar should be stirred or 
activated before use. When analysing old mortar, it 
is not always possible to rely on the results of acid 
tests, which often show a high lime content. This is 
probably the result of the lime not having been com
pletely fired or containing old broken plaster as a 
filler, which increases the amount of calcium in acid 
tests appreciably. The sand curve (particle size dis
tribution) is also important, particularly if you want 
to reconstruct a surface structure. Clay, brick, alum 
etc do occur in old mortar. Wetting before and after 
application should not be forgotten.

Fixation of pigmented and plaster layers
Lime water is a traditional method of consolidation 
that, used correctly, can fix weak pigmented and 
plaster layers. The method is based on the restora
tion of calcium to layers in which the binding agent 
is lime but has degenerated for some reason. Lime 
water is a clear solution of water saturated with 
lime. At around 20°C, water can hold approximate
ly 17 mg of lime per litre at a pH of about 9.

This method can be used where the lime in pig
mented or plaster layers has decomposed. The dam
age manifests itself as pigmented layers falling off 
and as weak plaster in which the filler and the pig
ment have poor coherence. Flaking layers can be the 
result of earlier consolidation not having penetrated 
sufficiently deeply but having remained on the sur
face and caused a “strappo” effect in the pigmented 
layer. The consolidation medium may have been 
lime water reinforced by casein or other adhesives 
but may also have been varnishes such as shellac, 
zapon lacquer or similar. This type of damage can
not be cured using lime water.

Application is done by spraying the surface re
peatedly with an even coat; the lime water is ab
sorbed by capillary attraction and, under the right 
circumstances, can achieve deep penetration. Spray
ing is stopped when the surface being treated shows 
a sheen and can absorb no more. Treatment should 
be repeated regularly at those times of the year when 
water transport in the wall is in an outward direc
tion. The number of applications for consolidation 
may amount to 30-40, sometimes more. There is a 
risk of efflorescence if the lime water is left to car

bonise on the surface and of the pore system of the 
plaster being sealed off if lime water is applied in the 
wrong way.

Cleaning
Cleaning agents should be suited to the type of dirt 
that is to be removed and to the materials and status 
of the object.

Gomma pane is a flexible cleansing dough for 
surface dust and soot. When it is being prepared, the 
dough can be adapted to the wall surfaces that are to 
be cleaned. Its ingredients are wheat-flour, copper 
sulphate, crystallised sodium carbonate and ammo
nia, which make the paste both cleansing and unat
tractive to living organisms. By, for example, boil
ing it for longer, it can be made more elastic and 
dryer and vice versa. What is much more important 
is that it be kneaded before use until it has cooled 
completely, otherwise condensation will occur with
in it and make a mess on the surface. Gomma pane 
is a perishable product that is prepared on site and 
should be used the same day. Many people consider 
its preparation both long-winded and time consum
ing but a properly prepared dough is very effective. 
The method is equally applicable to both decorated 
and adjacent brick and stone surfaces.

Lime Water also acts as a cleansing agent for brick 
that is totally comparable with ammonium hyd
roxide but smells less and leaves no foreign residue 
in the material treated. It can dissolve a good many 
types of tempera painting so care should be taken 
when using it. Lime water should be regarded as a 
complement to dry cleaning methods such as gomma 
pane and carried out after them should the need 
arise. Lime water also has a neutralising effect when 
surfaces are coated with dirt of an acidic nature.

When cleaning using lime water, a hand spray 
capable of producing a certain amount of pressure 
and with an adjustable nozzle is used. The dirty sur
face is sprayed copiously and the dirty water is col
lected immediately with a clean sponge. If dirty wa
ter is left running down the wall, the latter will absorb 
both water and dirt and there is a great risk of the 
dirty lime water carbonising and sticking the dirt to 
the wall.

Repeated lime water treatment has been used of 
surfaces stained after infiltration. The stains were 
dissolved gradually and transported into the wall. 
The treatment was carried out over a period of 14 
days with the stained surface being sprayed 4-6
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times a day. Treatment must be carried on continually 
during those times of year when water transport in 
the wall is in an outward direction.

Cleaning undecorated whitewashed surfaces is 
scarcely ever done these days but whitewashed inte
riors have routinely been done away with and re
whitewashed despite the fact that an old carbonised 
lime pigment is much stronger than a new one.

When Vreta Abbey Church was restored in the 
mid-1980s, the author was involved in investiga
tions and proposed measures when placing the paint
ing contract. The premise was that the ancient mo
numents authority wanted to retain Sigurd Curman’s 
restoration of 1915-1917 to the greatest possible ex
tent as it is regarded as the first modern restoration 
work in this country and the congregation wanted a 
light, clean church. Curman had plastered the sur
faces of the walls with tinted mortar but only ob
tained the desired surface evenness by giving them 
an additional skim of lime plaster, thin enough so 
that the structure of the surface was still completely 
visible. Adjacent to the plaster surfaces there are 
limestone arches, ribs, piers, etc. The mid-1980s in
vestigation showed that cleaning was possible and 
would give good results. It was presented to the par
ties involved. Assessments were made for the amount 
of work and the cost for two alternatives: cleaning or 
re-whitewashing. A points system was used for the 
different elements of the work involved in the two

alternatives and the comparison worked out in fa
vour of cleaning with approximately 30 % less work 
and the advantage of retained plaster surfaces.

Acids are not recommended as cleaning materials 
for calcium based substances. Despite this, I should 
like to make an exception to the rule. Acetic acid is 
used for cleaning a graffito frieze on a faęade where 
lime has been transported from the wall surfaces 
above by rainwater and has formed a grey calcar- 
ceous film on the dry surface of the frieze.

Acetic acid at a concentration of 0.5 % is brushed 
onto a limited area, neutralised after a few minutes 
with lime water that is sprayed on copiously and 
collected immediately with a sponge. The treatment 
is repeated three times after which the desired results 
are obtained.
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Mediaeval mural paintings in the county of Kristianstad
State of preservation and probable causes of damage

Herman Andersson

The survey constituted a joint project between the 
Conservation Institute of the National Heritage 
Board and Kristianstad County Museum (curator 
Aina Mandahl, commissioned by Ulf Lindborg).

Material and method
The project was commenced in spring 1995 when 
seven churches were surveyed along the lines of an 
inventory prepared for the purpose. After the mate
rial had been summarised and analysed, a further 
twenty churches were surveyed in autumn 1996.

The survey includes all the well-preserved stocks 
of Romanesque and High Mediaeval mural paint
ings in the former county of Kristianstad. It thus does 
not include churches with small fragments of paint
ings.

The material investigated spans paintings from 
the beginning in the 12th century (Vä) to the period 
immediately before the reformation (Hjärsås).

Besides an overall view of damage, the study has 
provided an insight into the state of preservation of 
the material in terms of authenticity. Some churches 
have a very high degree of authenticity. These in
clude Vä, Brönnestad, Norra Strö, Fjälkinge and 
Linderöd.

The mural paintings investigated are not untouched 
by human activity. The paintings have been subject 
to various types of degradation, partly by directly 
mechanical influences and partly indirectly by long 
term influences of a more climatic nature. Mechani
cal influences include post-reformation whitewash
ing of, broadly speaking, all the paintings in the 
churches surveyed. Virtually every stock of paint
ings has been the object of some kind of human inter
ference in the form of plastering over, exposure and 
retouching or, in some cases, simply conservation. 
A relatively large number (11) of the churches inves
tigated have preserved Romanesque or Early Gothic 
paintings on the apex of the vault. Most of these have

never been cleaned or 
conserved. They are of
ten fragmentary and 
have been exposed to 
quite different condi
tions from those in the 
body of the church. Da
mage and loss of mate
rial results from archi
tectural changes such as 
piercing arches and rai
sing the crests of walls. 
Paintings above vaults 
are not included in the 
overall assessment of 
damage.

Vä Church. Apse with 
Majestas Domini and the 
extremely well preserved 
Angel of St. Matthew.
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Vä Church. The barrel vault of the choir with the tribune arch to 
the east. The blackening that has taken place in the joints between 
the sandstone ashlars since exposure in 1963-6 is clearly visible.

Inspection was initially visual and was carried out 
from floor level. Certain areas have been studied 
from, for example, pulpits and organ lofts where 
possible. The distance from the paintings, which was 
frequently considerable, probably resulted in a less 
severe judgement of the level of damage than would 
have been the case had they been studied at close 
quarters. Knowledge of the condition at Vä is partly 
based on the detailed study made possible by the 
erection of scaffolding in 1990.

Damage to wall paintings has been categorised 
as four groups:

1 = insignificant, 2 = limited and/or damage of 
lesser severity, 3 = extensive and/or serious damage, 
4 = acute damage.

These judgements relate to the overall pattern in 
the particular church.

Category 1 includes limited or moderate discolor
ation through dust without weathering but with e.g. 
attacks of mould on some parts of the plaster surface.

Category 2 includes general heavy blackening and/ 
or limited damage through weathering.

Category 3 comprises generally occurring da
mage through weathering.

Category 4 applies to acute overall situations 
with extensive damage by which irreplaceable au
thentic painting is being degraded.

Discoloration through dust is assessed as less im
portant than that of porosity and damage through 
weathering irrespective of whether the blackening is 
serious.

Summary of the results of the survey
The summarised assessments of damage show that 
the majority of churches have damage to their mural 
paintings. Only 8 out of 27 churches have merely 
insignificant damage corresponding to 30 % while 
the proportion of extensive and acute damage 
amounts to over 19 %.

Limited
damage

Insignificant
damage

8 Brönnestad, Vinslöv, Gladsax, 
Knislinge, Östra Sönnarslöv, 
Köpinge, Lyngsjö, Linderöd.

14 Stoby, Fjälkinge, Gualöv, 
Vittskövle, Ramsåsa, Finja, 
Övraby, Östra Vemmerlöv, 
Farstorp, Araslöv, Emmislöv, 
Hjärsås, Östra Herrestad, 
Bollerup.

Extensive damage 2 Kiaby, Maglehem.

Acute damage 3 Norra Strö, Vä, Rinkaby.

Ateliers
The atelier most represented in the investigation is 
that of Vittskövle with 10 out of 30 objects in 27 
churches. The acute damage is divided between 2 
examples from the Vittskövle atelier and 1 in the 
Romanesque group.

• The results of the investigation reveal no connec
tion between the atelier or type of painting and 
the frequency of damage.

• The survey provides no evidence of damage re
sulting from defects in the lime or the technical 
characteristics of the pigmented layer.

Conservation and conservators
13 conservators have been involved in uncovering
and initial conservation. In terms of time, develop-
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Norra Strö Church. The Flight to Egypt. A well preserved part of the outstanding stock of 
paintings that cover two stellar vaults, one cross vault and the apse.

ments are divided into two main periods - 1888— 
1909 (8 examples) and 1950s and 1960s (13 exam
ples). The first period includes radical restorations 
with wide ranging additions through retouching 
and, in many cases, pure repainting and over-paint
ing. In the 1950s, there was an increasing respect for 
authenticity and a “modern” conservation ethic and 
the work from that period was generally carried out 
with great respect for the original.

Re-conservation has been carried out in 13 of the 
27 churches.

• There does not seem to be any direct connection 
between an individual conservator and the extent 
of damage.

Types of damage
Damage related to, for example individual sources 
of moisture, does occur but porosity, discoloration 
through dust and also the type of surface weathering

Norra Strö Church. Area with weathering 
damage in the lower area.



Brönnestad Church. First rate, visibly well preserved 
Gothic paintings. Part of the eastern vault depicting 
inter alia The Annunciation of the Virgin Mary.

Church buildings are generally very well maintained 
so that other technical defects are seldom found.

The question of the appropriateness of heat insu
lation over the vaults remains. Six churches have 
carpet insulation over vaults with paintings.

• Two of the three churches with acute damage 
have insulation.

Definite technical defects in the form of a dense sur
face layer or the ingress of moisture through defects 
in the cladding of the roof, defective drainage, etc. 
are relatively uncommon.

Heating
As heating is a factor that it is possible to control and 
regulate, a major part of the investigation concen
trated on a survey of heating routines, categorising 
heating systems and their use.

that occurs in “blemishes” after the hammer has laid 
the paintings bare are widely distributed.

Visible salt crystallisation with efflorescence/ 
crust formation has only been observed in lower 
walls and lower parts of vaults. Where weathering 
has occurred in, for example the summits of vaults, 
no visible salts have been noted.

In many churches the plaster is dry and brittle 
and a significant depletion of the material of the 
plaster was observable. Several of the churches sur
veyed probably have a relative humidity that is peri
odically considerably below 50 %. One cannot ex
clude the possibility that the stability and adhesion 
of the plaster are impaired by the continual changes 
in the volume of material caused by the variations in 
the moisture content of the air due to climate control 
systems.

Several churches contain mould and have a smell 
of mould without any perceptible degradation of the 
plaster or lime.

Technical defects - causes of damage 
Causes of damage have been categorised 
as technical damage and damage caused 
by the climate within the building.

External factors such as proximity to 
sources of air pollution appear to be less 
important. It may be, however, that the 
location of e.g. Maglehem, Rinkaby and 
Gualöv near the coast of the Baltic is of 
significance. The amount of salt in the 
building material should play a greater 
part than the actual distance from the sea.

External plaster is usually made from 
lime mortar probably in some cases with a 
limited cement content. In some instances, 
the internal plaster and surface layer are 
difficult to assess. There is, however, no 
uncertainty about the tight plaster layer 
and surface layer at Norra Strö and 
Rinkaby.

• The dense secondary layers at Norra 
Strö and Rinkaby play a significant 
part in causing the damage.
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Rinkaby Church. Very heavy dust blackening. Note that the white ribs of the vault and 
the transverse arch are (newly) painted with alkyd paint.

Excessively high temperatures, both at the time of 
heating and during intervening periods, were found 
throughout the survey. In some cases we do not know 
how high a temperature is attained - the churches of 
Norra Strö, Vittskövle, Finja and Östra Vemmerlöv 
do not in fact have working thermostats.

Vinslöv, Kiaby, Finja, Farstorp, and Vä have as a 
routine heating to constant temperature or app
roximately so while other churches use intermittent 
heating.

• Complete absence of heating between heating pe
riods is no better than maintaining a constant but 
low basic temperature between heating periods. 
Nothing emerging from the investigation points 
to the contrary.

No assessment of pew heating as against radiators 
along the walls can readily be made as both systems 
commonly exist in combination.

Obviously the results of the survey confirm estab
lished knowledge such as the fact that electric ra
diators give rise to greater discoloration by dust. 
Current understanding is that discoloration by dust 
is reduced by systems with pew heaters.

In this context an important object for compari
son is provided by Araslöv church which is com
pletely unheated and in consequence has no visible 
discoloration by dust. The intensity of the colour of 
these wall paintings is remarkable compared with 
the decorated mural surfaces of the other churches 
investigated.

The survey shows that far too many churches 
have heating that is defective in terms of the cri
teria that are considered best for both church objects 
and wall paintings from a preservation point of 
view. The assessment of faults and defects of hea
ting ties in with established knowledge on suitable 
heating for churches and historically valuable build
ings.

• The survey shows that churches with poor heat
ing systems and/or poor routines are somewhat 
over-represented in terms of damage to mural 
paintings.

• Not all churches with poor heating have serious 
damage to mural paintings but altogether five 
churches with significant or acute damage have 
defective heating.
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Araslöv Church. Brilliant authentic paintings in a church without heating.

... ....
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Bjäresjö Church, Skåne
A brief description of the conservation work

Lars Sandberg

In the autumn of 1993 when we received the commis
sion to conserve the paintings, reputed to have been 
totally repainted in 1892, it was with a certain 
amount of wonder that we began the work. Subse
quently, as it progressed, we appreciated that, de
spite everything, an astonishing amount was origi
nal. Much is newly painted - but mainly on surfaces 
without underlying Romanesque painting. However, 
the over-painting that still exists, particularly a blue 
and green background colour, gave us a great deal 
of problems, Fig. 1. The great discussion was the ex
tent to which the “improvements” of 1892 are part 
of the history of renovation and should be left alone 
or whether it was possible to remove the most dis
ruptive elements. We were also asked to investigate 
the extent to which the Christ on His Throne of 
Grace in the apse had been over-painted at some 
later occasion. Our task was to solve these and other 
lesser problems. I should now like to briefly report 
something about our work.

To begin with, a short description of the church. It 
is a 12th century building dedicated to St. Lauren
tius. It is constructed of finely dressed, yellowish car
bonate sandstone and has undergone relatively few 
changes apart from the tower which was erected in 
1892 replacing an older one built of carbonate sand
stone. Two extensions were erected in the 18th centu
ry, a porch at the south entrance and a sacristy to the 
north. Internally the nave was given a brick vault 
during the 14th century that was painted at the time 
by the Snårestad School. The choir has a barrel 
vault from around the 1170s and, together with the 
apse, acquired its paintings around 1200-1225. 
These were revealed by Nils Månsson Mandelgren 
in 1852. In the apse one can see a Christ on His 
Throne of Grace in which the Trinity is placed with
in a mandorla and flanked by the symbols of the 
evangelists and, on the outside, by images of Mary 
and John the Baptist. Below these renditions there 
runs a row of apostles, partly destroyed. On the

walls of the choir there is a series of pictures from the 
Old and New Testaments. Along the apex of the lon
gitudinal axis of the barrel vault there is a detailed 
Jesse tree, represented as a vine, whose twining 
branches embrace pictures of the forebears of Christ, 
growing up from a recumbent figure. A good many 
of these paintings in which details including glorias, 
crowns, adornments around necks and wrists etc were 
executed in stucco in order to enhance their splen
dour have evident antecedents in churches on the 
continent.

We had no great technical problems when work
ing on the paintings. The plaster and paint layer was 
in good condition and there was crack formation 
here and there, but nothing alarming. Only on the 
front side of the chancel arch, which was completely 
painted over in 1892, did we have any concerns. 
Under this paint there are original paintings, which 
unfortunately it is not possible to uncover, because 
the painted layer sometimes has better adhesion to 
the overlying whitewash and sometimes the other 
way round. Between the two extremes it was hang
ing free between the layers in places. This meant 
that we had difficulty in fixing the loose areas as the 
adhesive could have ended up anywhere. For this 
reason we chose, instead of injecting glue, simply to 
repair damage and cracks with mortar, thus “edge
reinforcing” the painting.

One of the symbols of the evangelists in the apse 
was heavily retouched with a binding agent that had 
completely lost its binding properties. Despite the 
fact that this was probably executed by Mandelgren 
it was not possible to save it - it was brushed off with 
a soft paintbrush. Under this there is original paint
ing which is very blurred and was the reason for the 
retouching.

In relation to the blue and green background col
our of 1892, it was determined in consultation with 
the Scania Heritage Association (Skånes Hembygds
förbund) that we should attempt to clean up the over-

36 Conservation of mural paintings



Fig. 1. Bjäresjö 
Church, Choir. 
General view before 
the most recent 
restoration.

painting around the painted figures. The back
ground paint was in fact carelessly applied and 
many of the outer contours and details of the origi
nal were covered. The result was an area 2-3 cm 
wide scraped clean around the pictures which was 
then retouched with a lighter background colour. In 
the original, the blue and green background colour 
was genuine ultramarine and malachite, which 
could be found in many places, particularly on the 
back of the chancel arch where we removed all the 
over-painting. Here we found large areas painted 
with malachite in such a good condition that the fi
nal result was excellent.

On the lower part of the north side of the chancel 
arch we carried out a test exposure of the original, 
something that was simple in that particular spot 
and gave very good results. There were no painted 
figures here, rather borders and patterns in bright, 
well-preserved colours including cinnabar. Fig. 2.

When cleaning the paintings, which was carried 
out using gomma pane and water, it proved that 
newly painted areas did not change particularly 
much because they were probably “varnished” with 
some form of casein when newly painted. This meant 
that the border between old and new was emphasised 
even more after cleaning. In some places this was so 
obvious that we found ourselves compelled to bright
en up the over-painting somewhat at the transition.

It was not so easy to determine whether the Christ 
on His Throne of Grace in the apse is from a later 
period. However, most things suggest that it is not 
original, including the fact that the figure of Christ 
has rather worse adhesion than the surrounding sur
face, the absence of a stucco gloria around Christ’s 
head, the fact that the Lord’s left hand may possibly 
have been altered (we saw slight traces immediately 
above the present hand which might point to it hav
ing been altered), underlying traces of different col-
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Fig. 2. Bjäresjö Church. Tribune arch, north side. Original 
painting exposed during the 1992 restoration. The problems 
with poorly attached painted layers start upper right.

ours in costumes etc. If this is the case, there is no 
information on when this alteration was made. In 
the area immediately above the Lord’s left hand 
where there are traces of what we believe to have 
been his unaltered hand, O. Owald had, in 1948- 
1949, scraped clear a dove-like outline in the blue 
background colour. This was retouched over after 
agreement with the Scania Heritage Association.

When comparing Mandelgren’s watercolours (Mo
numents Scandinaves du Moyen Age, Paris 1862), it 
struck us how careful and in agreement with the 
original they are. On the south side of the vault, it 
can clearly be seen how the intensity of the colour 
gets progressively less as the painting stretches out to 
the east. This is also apparent from the watercol
ours. The same is true of the apse. By the standards 
of the time, Mandelgren’s exposure work must have 
been very painstaking and progressive. He carried 
out few retouchings (unless some were over-painted

in 1892). There is a great difference in terms of skill 
between Mandelgren’s retouchings and those carried 
out later.

On the unfurled scroll and book on the front side 
of the tribune arch, there is the following text in 
black pencil: “The figures here and on the front arch 
of the church, as well as the two figures on the piers, 
most of the figures on the lower wall of the apse, two 
figures in the choir, which was also renovated in 
1892, were newly painted by Master Painter N. Lind
gren and his journeyman H. N. Lindström.” “A great 
many new paintings and many improvements were 
executed in the vault by Master Painter N. Lindgren. 
Found ............by the painters”.

A curious feature of Bjäresjö is that a large 
number of “sound pots”, as cavities for the sound, 
are built into the walls of both the choir and the apse 
(38 in the choir and 10 in the apse). The covers are 
made of oak approximately 5 mm thick. Openings 
for the sound are carved in the shape of a trefoil in 
the covers. These covers were plastered over before 
painting, which means that they only had a function 
for less than 50 years (construction circa 1170, 
painted circa 1200-1225). One cover has now been 
revealed and can be seen at the far east end of the 
vault, Fig. 3.

The old heating system with directly acting elec
tric radiators has now been completely removed as 
have the halogen lamps that formerly illuminated 
the paintings brightly.

For point fixation of plaster we used Acronal 500D. 
Otherwise we used only lime-based products. At the 
time of conservation a colour analysis was also car
ried out by the AFI consultant, Bengt Skans of Hörby.

Fig. 3. Bjäresjö Church. “Sound pot” with oak cover.
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Tests of injectable mortars in laboratory and field
Misa Asp

Introduction
The securing and refixation of cavities and loose 
parts forms part of the conservation of plaster, with 
or without paintings. It is important to remember in 
this context that far from everything that does not 
adhere to the wall, requires anything to be done. The 
principle of the least possible intervention should 
apply here as well. However, a good method is needed 
in those cases where fixation is necessary.

The methods currently used are injection with or
ganic adhesives, for example, lime casein or PVAC. 
There is a need to test new materials for this pur
pose. In order to use materials that are as compatible 
as possible with plaster, they should preferably be 
entirely inorganic. Pure lime mortars may be ex
pected to have better ageing properties than organic 
components, be easier to work and also be possible 
to use outdoors. The thought is that a lime-based 
mortar should be able to keep loose plaster in place 
by binding to the irregularities on the back of 
the plaster layer and on the wall behind it. In this 
way it can serve its purpose without containing ad
hesives.

The purpose of the work carried out was to con
duct initial, simple testing, partly of our own mix
tures of completely inorganic components and partly 
of a commercial product that is used internationally. 
There are several products on the market and these 
often contain one organic additive or another. It is 
difficult to obtain exact statements of their contents 
which speaks against their use.

It is necessary to test materials in-situ in order to 
determine whether they can be used in practice or 
not.

Materials and simple laboratory tests
On the basis of previous experience with injectable 
mortar, studies of the literature and discussions, the

following mortars were selected for initial simple 
tests in the laboratory. Later, variations of the mor
tars were added - mixtures of the different recipes 
and some attempt at modification. All the mixes are 
given in parts by volume.

• Gotland 3; 1 of lime putty: 3 of ballast (2 of Pole- 
star: 5 of ground Gotland sandstone) to 1 of wa
ter; NB! In the practical work the mortar was 
used with 2 extra parts of water.

• Fly ash mortar; 1 of Öland lime : 6 of fly ash : 1 of 
bentonite : 6 of water

• Öland lime mortar; 1 of Öland lime : 3 of ground 
Gotland sandstone : 4 of water.

• Ledan Dl (commercial product); see Appendix, 
Material Specifications.

• Ledan D/F (commercial product); see Appendix.

For descriptions of the ingredients of all the mortars 
see Appendix.

The mortars went through some initial simple 
laboratory tests. Conductivity measurements were 
carried out by leaching all the constituent ingredi
ents and on the prepared mortar. To some extent, the 
measurements gave illogical results and a larger 
number of leach tests will have to be carried out be
fore any certain conclusions can be drawn.

Two types of test were used to obtain an initial 
estimate of the properties of the mortars. First, a 
plastic tube 1.5 cm high, 4 cm diameter was filled 
with mortar. Second, a little mortar was applied to 
one of two damp limestone tiles (10 x 15 cm). The tiles 
were pressed together so that the space between them 
filled with mortar was approximately 1 mm thick. 
To be able to make comparisons between how the 
mortars behaved when cured in dry and damp environ
ments, two samples of each material were made for 
each test type. Half were dried and partly cured in a 
dry indoor atmosphere, the other half in a climatic 
chamber at a relative humidity of 90 % (Fig. 1).
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After some weeks, the mortars were inspected 
with the following results. Note that the weights giv
en must be “taken with a pinch of salt” since the 
samples were not exactly the same size. (See Table 1).

The lighter the mortar the better so it does not run 
the risk of its falling off under its own weight. Ledan 
D/F, which is very light and presumably extremely 
suitable as a filler for thick cavities, is very difficult 
to apply through small holes because of its fibre con
tent. If there is a large opening in the cavity, D/F 
works well. There is no great difference in mass be
tween the other mortars. When large amounts of 
material are being used, the differences may possi
bly become significant.

It was concluded that Ledan was too strong, and 
that the other mortars need to dry slowly in a high 
relative humidity in order not to crack. Moreover, 
several of them were felt to be far too weak. This 
gave rise to the idea that mixing Ledan with some 
other mortar might work. Some tests were carried on 
Ledan Dl and Gotland 3.

Ledan Dl (with water 1:1) : Gotland 3, 1:1, 1:0,5, 
1:0,25, 0,5:1

These mixtures behaved quite similarly (easily 
injected, no crack formation, no obvious shrinkage). 
The 1:1 Ledan: Gotland 3 was chosen as one of the 
mortars for the field trials.

Fig. 1. Laboratory tests of curing in dry air and a climatic 
chamber at 90 % relative humidity.

Table 1. Mortar tests.

Mortar
Behaviour during mix
ing and injection Mass

Results
dry environment

Results
damp environment

Gotland 3 pleasant and convenient to 
mix and inject

16 g poor, cracks, quite 
hard but easy to break

good, no cracks, 
slight shrinkage

Gotland 3 with 
fumed silica*

stiff and hard to inject, 
requires even more water

13 g no cracks but serious 
shrinkage

very easy to break, 
serious shrinkage

Gotland 3 with 
bentonite*

stiff and hard to inject, re
quires even more water

13 g no cracks but serious 
shrinkage

as above but a little 
harder

Fly ash mortar prone to block up the syrin
ge, had to be passed through 
a sieve but otherwise good

14 g no cracks, slight 
shrinkage, weak

as in dry environment, 
the mortar is very weak

Öland lime
mortar

tends to form layers, had to 
be shaken frequently, good 
penetration

22 g no cracks, minimal 
shrinkage

Ledan Dla
2 Ledan:! water

very loose consistency, 
slightly hard to work, 
viscous but still runs out

12 g no shrinkage, strong 
adhesion, strong!

as in dry environment but 
slight shrinkage, not pos
sible to break by hand

Ledan Dl b
2 Ledan:3l4 water

Viscous, not injectable 12 g cracks as of serious 
stresses, strong!

no cracks, no shrinkage, 
strong!

Ledan D/F Impossible to inject because 
of fibre content

5g weak, viscous, no 
shrinkage, no cracks

as in dry environment

* One (1) part of the ballast was replaced by the stated material.
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Field work
All the mortar mixes were tested in Room 2V of 
Maisåker Castle in order to find out whether the re
sults of the simple laboratory tests accord with “real
ity” (Fig. 2). The brick walls have plaster from 1608 
with some later additions. Cavities of various sizes 
and depths are present. The majority of the plaster is 
stable.

The space behind the plaster was vacuum cleaned 
in so far as possible. It is not always possible to deal 
with deformations other than by lifting off the plas
ter over the cavity, a tremendously risky undertak
ing, which was not carried out. A lot of dust and 
fragments was simply left behind the plaster. After 
the edges had been sealed, which was usually done 
with a fine-grained lime mortar, holes were drilled 
(3 mm diameter) through the plaster into the cavity. 
The holes were drilled at intervals of 15-20 cm so 
that the entire cavity could be filled with mortar. As 
much dust as possible was blown out and the area 
was wetted with water or treated with Gypstop.

After pre-wetting, mortar was injected through 
the drilled holes, beginning with the lower part of 
the cavities. The mortars were also tested without 
pre-wetting.

Gypstop P is a silica dispersed in water that is 
used in conservation of stone to create a buffer 
against acidic pollution of calciferous stone. It 
has also been shown to work on weathered mar
ble as a consolidant. Our thinking here was part
ly that Gypstop should be able to stabilise the 
plaster that had become porous and brittle but, 
more particularly, to coat the grains on the back 
of the loose plaster layer with a smooth skin 
which was expected to increase the opportunity 
for the injected mortar to make its way into the 
narrower parts of the cavity.

Gypstop was applied with a syringe and ran 
down behind the plaster. The treated areas were 
allowed to dry for twenty-four hours. One abid
ing impression is that the plaster does not absorb 
the material well - it tends to form beads on the 
surface. This may be because the surfaces are 
dirty/greasy or quite simply because they are not 
sufficiently porous. Note that only one soaking 
was carried out. Consolidating the plaster was 
not the primary objective.

The area should be kept damp for some time if 
the mortar contains lime. Excessively rapid drying 
affects the results of injection with purely mineral 
materials in a negative way. Covering with plastic 
and repeated dousing with water is a good idea if 
slow drying is desired. It is possible that covering 
alone may be sufficient. Wetting cannot be recom
mended if injection of this type is carried out in a 
space in which material is kept that is sensitive to 
even small changes in humidity, or where surfaces are 
sensitive to moisture.

Results and assessment after one year
It is important to bear in mind here that the cavities 
that were injected may have been very different be
hind the plaster. A great deal also depended on 
working out a technique and determining what the 
handling limitations of the mortars are. The follow
ing must be regarded as the results of an initial in 
situ trial, one that may provide a thumbnail sketch 
of the properties of the mortars. Many tests need to 
be carried out before anything definitive can be said 
about the behaviour and suitability of the different 
mortars.

The assessment involved:

• Visual check: How does it appear at the edges 
and in holes, are there any cracks?

• Tapping: Does it sound hollow? (which means 
that the layers have separated)

• Adhesion: Is it possible to pull the injected area 
free by light manual effort?

The types of crack formation that can sometimes be 
observed in the injection holes are characteristic. In 
Ledan the cracks originate in the centre and are con
fined to the mortar itself. The Ledan always sticks to 
the plaster properly. The cracks visible in some drill 
holes with the other mortars always follow the edge 
of the hole and thus are between the mortar and the 
plaster. This type of cracking occurs primarily when 
lime based mortars are used without pre-wetting.

Gotland 3
Quite easy to inject. Sensitive to the conditions be
tween the plaster and the wall. Large spaces (>2- 
3 mm “deep”) are easy to inject but if the space is 
narrow or small, one encounters problems with pe
netration. “Sets” a little too quickly and tends to sep
arate from both plaster and wall if the area is not 
pre-wetted. If the area is pre-wetted, it does not crack 
as readily. If the area is treated with Gypstop, it
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Fig. 2 The author tests 
injectable mortars at 
Maisåker Castle, 1997.

seems to be easier to inject, the mortar “runs” better 
and, in particular, does not set so quickly. More time 
is available, presumably because Gypstop prevents 
the water being drawn out of the mortar into the 
wall and plaster.

After one year, the areas in which injection was 
successful seemed to be in very good condition. No 
separation of the layers, no cracks, and the area does 
not come away from the substrate easily.

Gotland 3 with Ledan Dl. Reminds one of the beha
viour of Gotland 3 without pre-wetting but flows 
better.

When the area is pre-wetted, it flows really well 
and no drying cracks are observed. Treatment with 
Gypstop gives the same result as pre-wetting.

The mix becomes a little dry/sticky after about 10 
minutes as if it were jelly. However, this does not 
affect its workability. See also the comment below 
on the use of Ledan in 1998.

After one year the areas were in very good condi
tion. No separation of the layers, no cracks, and the 
area does not come away from the substrate easily.

Fly Ash mortar. Easily injected and dries slowly, 
which is an advantage. The colour of the mortar is

very dark, almost black. However, cracks manifest
ed themselves in some of the injected sites.

After one year, as already stated, some areas 
show crack formation, it sounds hollow when tap
ped, and is very easy to detach. The overall impres
sion is poor.

Fly Ash mortar with Ledan Dl. As Gotland 3 with 
Ledan Dl. It does not become as thick, even when it 
“gels”.

After one year: similar to pure ash mortar, sounds 
hollow when tapped. Only one small area was in
jected and it is therefore difficult to give a firm opi
nion.

Öland lime mortar. This mortar has a tendency to 
form layers. Heavy particles sink while the water 
rises to the top. The syringes must be shaken at reg
ular intervals, which is somewhat trying. The mor
tar sets readily in the drill holes if the cavity is 
small/narrow. This does not happen in Gypstop 
treated areas.

After one year, the areas in which injection was 
successful seem to be in very good condition. No 
separation, no cracks and the area cannot easily be 
broken away from the substrate.
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Öland lime mortar with Ledan Dl. Works very well, 
easily injected, runs down very well, fills well like the 
other “hybrid mortars”.

After one year in very good condition. No separa
tion of the layers, no cracks and the area is not easy 
to detach from the substrate.

Ledan Dl. A 1:1 mixture of Ledan and water was 
used for the practical work. The mix must be sifted 
before injection as otherwise it contains sticky 
lumps. Used without pre-wetting. Runs easily and 
for a long time. Can escape through even hairline 
cracks at least 80 cm below the place in which it was 
injected. Slightly troublesome for this reason. It can 
be difficult to foresee what route it will take and seal 
it off in advance. Furthermore, hairline cracks can
not be sealed. Cotton pressed against the area stops 
the leakage. Whatever has run out onto the surface 
can be cleaned off with water or brushed off when it 
has dried. Great power of adhesion. If pre-wetting 
cannot be used, Ledan Dl appears to be the only 
fully effective choice. Flowever, its runniness can be 
a problem if the surfaces are sensitive.

It is worth noting that this product was also used in 
the on-going injection work in 1998, when different 
behaviour was observed. A new order had been placed 
and we now suspect that the product had been 
changed without notice. A sample was put out to cure 
in the open air and proved to require several days to 
dry/cure. An equivalent quantity of the earlier batch 
dried/cured in a maximum of 24 hours. Furthermore, 
the product formed layers and a transparent, thick, 
sticky layer formed at the top. It is possible to dis
solve this in cold water after drying which may point 
to cellulose adhesive. Neither did the hybrid mortars 
prepared with Ledan and the other lime based mor
tars gel as strongly as with the previous batch.

After one year: in very good condition. No sepa
ration of the layers, no cracks and the area is not 
easy to detach from the substrate. Uncertainty about 
the contents and the fact that the product is changed 
from time to time as well as its too high strength and 
hardness speak strongly against continued use, de
spite satisfactory results in hybrid mortars.

Further work
Conservation work in Room 2V at Maisåker Castle 
will be concluded. Injectable mortar will be used in 
a more “conventional” manner. Only areas where it 
is absolutely necessary to fix loose plaster will be

dealt with. Areas that are considered to get by with
out will not be injected. The possibility exists of test
ing further injectable mortar mixtures on the wall 
area in Room 2V.

Additional laboratory analyses will be carried 
out and reported as a separate project. In particular, 
conductivity measurements should be completed in 
order to provide further conclusions on any risk of 
soluble salts in the mortar.

Conclusion
Various injectable lime based mortars were tested in 
order to ascertain whether such materials work for 
fixation of loose plaster. Some simple laboratory 
tests were carried out. Practical tests were made on 
17th century plaster at Maisåker Castle. Three pure
ly mineral and one commercial mortar together with 
mixtures thereof underwent simple testing in the 
laboratory and were then used in situ. Of the three 
mineral mortars tested, the mortar that has acquired 
the name Gotland 3 gave the best results. It is easy 
to prepare, easily injected and sticks well when 
evaluated after a year. The problem is that the 
plaster has to be wetted so that the mortar does not 
dry out too quickly thereby loosing its desirable 
qualities.

It is not possible to recommend the commercial 
mortar. This is because of vagueness about its com
position, its too high strength and the fact that its 
quality changes from one delivery to another.

The method of sealing, drilling holes, wetting, 
and filling cavities using syringes has proved to 
work well. Problems will arise when surfaces in an 
area requiring fixation are sensitive to moisture.
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Appendix. Material specifications
Bentonite Clay: Thixotropic aluminium silicate. Sa

les: Keramikexperterna AB, Box 501 21 Malmö, 
Sweden.

Fly ash: Silicon dioxide, Si02, 54.8 % and alumi
nium oxide, A1203, 21.6 %. Supplier: Cement och 
Betong Institutet (Swedish Cement and Concrete 
Research Institute - CBI), Stockholm, Sweden.

Fumed silica: Silica, pyrogen; silicon dioxide, SiO,. 
particle size: 5-30 nm. Manufacturer: Wacker 
Chemie. Sales: Mataki Kemi AB, Box 25, 201 22 
Malmö, Sweden.

Ground Gotland sandstone - sifted to less than 0.125 
mm. Manufacture and sales: Stenteknik, Stege
sund, 185 00 Waxholm, Sweden.

Gypstop-P: Colloidal dispersion of silicon dioxide 
particles in water, 40 % by weight, pFI 9.5. Ma
nufacture and sales: Eka Nobel AB, 445 80 Bo
hus, Sweden.

Lime putty: Matured, wet slaked Gotland lime with 
no hydraulic properties. Sifted to below 0.075 
mm. Manufacture and sales: Bygghyttan på 
Gotland, Strandgatan 7, 621 57 Visby, Sweden.

Ledan Dl: No comprehensive or particularly well- 
defined description of the contents is available 
but, according to the supplier, the product con
tains; hydraulic binding media, quartz, natural 
pozzolana and schist. Additives in other inject
able mortars from the same producer include: fly 
ash, air entrainment, anti-sedimentation agents 
and retardants that guarantee slow curing. The 
product obviously contains some form of cellu
lose adhesive that may have been added as a plas
ticiser. Hence one may reckon on the other addi
tives. Manufacture: Techno Edile Toscana, Italy. 
Sales: Deffner & Johann, Muhläcker Strasse 13, 
975 20 Röhtlein, Germany.

Ledan D/F: See Ledan Dl. In addition this product 
contains a great deal of fibre of some kind.

Polestar SOI: Kaolin burned at 750-800°C. (Pictures 
of kilning of metakaolinite.) Manufacture: EEC 
International Ltd., John Keay house, St. Austel, 
Cornwall. United Kingdom PL25 4DJ. Sales: CE- 
BEX, Keramikexperterna, Göran Stigsson, Box 
9072, 200 39 Malmö, Sweden.

Öland lime: Slightly hydraulic lime from Öland li
mestone. Manufacture/burning: Ebbalunds Bygg
nads AB and craft school, Box 150, 134 31 Gus
tavsberg, Sweden.

Discussion

Marianne Belzacq: Did you test limestone powder as an alter
native to sandstone powder in your grout fillings?

Misa Asp: Yes, we tested Gotland limestone powder but we did 
not like the sharp white colour. There are also day fillers - see 
the thesis by Carola Suneson.

Karna Jönsson: The amount of suction from the substrate is 
also important.

Misa Asp: Of course. If the substrate sucks too much, the injec
tion grout will form a cake without adhesion to the substrate.

Ingrid Hemgren: José, could you tell us about your experience 
with PLM?

José A. dos Santos Pestana: In the south of Portugal with earth 
architecture and a high permeability it is easy to use PLM. 
PLM is essentially pozollana.

Kenth Klasen: Byggnadshyttan Gotland is using some Ledan 
but no one knows exactly what it contains. Ledan is less per
meable than the wall and this will affect the migration of 
moisture.

Misa Asp: This can be a problem, Ledan cannot be used for 
point attachments because of its fluidity.

Ingrid Hemgren: An ideal product does not exist. It is not pos
sible to inject a lime mortar which is exactly identical to the 
substrate. It may be a synthetic material as long as it has 
properties similar to the substrate.

Sten Peterson: The repair should preferably be weaker than the 
substrate.
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Hydraulic lime based injectable mortars
Carola Suneson

Fig. 1. Peeling plaster, house 
outside Visby 1998.

Introduction
When maintaining and conserving stone and brick 
buildings, the problem of fixating loose, cracking 
plaster to the wall or loose plaster layers to one an
other arises, Fig. 1. Are we using materials that 
work and are affected by the same types of load as 
the originals? It would be of interest to test the great
er use of compatible materials similar to the original 
brick and cement mortars. Accordingly, a number of 
injectable grouts were made up and investigated in 
1997 and 1998.

Is it possible to produce conservation materials 
similar to the original lime mortar and plasters that, 
at the same time, have the properties necessary for 
conservation? Investigations were carried out on 
this, initially in a dissertation at Gothenburg Univer
sity in 1997 and since then within the framework of 
a bursary at the Byggnadshyttan on Gotland in

1998. The object of the first work was to become fa
miliar with the field of traditional walls and plaster 
and injectable grout methods and materials. It also 
involved investigating testing methods for brick, plas
ter and injectable grouts and the investigation of cer
tain properties of a few already known injectable 
grouts in comparison with a newly compounded one.

The object of the investigations on Gotland in 
1998 was to manufacture and investigate some new 
injectable grouts and to use of them in the field as 
well as trying to discover whether additives can give 
the grout hydraulic characteristics to a sufficient ex
tent. Another question was whether there are clear 
differences between different types of brick dust add
ed to injectable grout. The starting point was to use 
materials of mineral origin occurring in Sweden (and 
Scandinavia) and not to use organic or synthetic ad
ditives.

As a matter of princi
ple, compatible materials 
should be used since the 
composition of the origi
nal mortar and that of la
ter layers varies. It is dif
ficult to find injectable 
grout with a composition 
the same as existing ma
terial. Furthermore, ana
lyses of the composition 
of plaster are seldom car
ried out before conserva
tion/restoration.
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Injectable grout must differ in its properties from 
traditional lime mortar in order to work, to be able to 
stick plaster to wall and plaster to plaster and to with
stand a certain amount of load. Injectable grout 
should have the following properties:

• hydraulic character (able to cure in a damp envi
ronment),

• ability to adhere to plaster and the material of the 
wall,

• not take too long to stick,
• a certain amount of strength and elasticity (resist

ance to mechanical stress),
• be hydrophilic (absorb moisture),
• good fluidity (ability to run in),
• low risk of shrinking,
• low water soluble salt content,
• resistance to ageing.

Fundamental properties of grouts must also be that 
they are not too troublesome to manufacture or han
dle and that the materials are available.

The advantages of mineral injectable grouts are 
that they should age in the same ways as the original 
material and that they are hydrophilic. Their disad
vantages in comparison with some modern synthetic 
polymers used in this field can be low elasticity and 
strength and the risk of shrinkage cracks. Hydraulic 
injectable grout must be mixed and used immediate
ly, which requires more work and planning than 
when working with many conservation materials 
that are already in use. Irrespective of what material 
is being used, when fixating plaster the difficulties 
with all injection are the ability to check what path 
the material takes and whether fixation of the plaster 
actually takes place.

There are a number of standard analytical methods 
for cement, stone, lime mortar and lime plasters. It 
was possible to use these methods directly or to mod
ify them for testing injectable grout. In order to ob
tain a broad understanding of how the materials 
work, they were investigated and applied both on 
test materials and in the field.

Investigations in 1997
Three injectable grouts were investigated for a dis
sertation during the conservation course at Gothen
burg University in 1997:

• “Gotland tbree-in-one” (developed by the stone 
division of RIK, the former Conservation Institute 
at the National Heritage Board in Stockholm) 
with Gotland lime putty,

• a newly compounded grout with Öland hydraulic 
lime,

• an injectable grout previously developed and in
vestigated by ICCROM in Rome with Lafarge 
chaux blanche.

The properties of the grouts were investigated in the 
laboratory, in applied trials and in the field, Fig. 2. 
The following were investigated in the laboratory 
experiments:

• mechanical strength (tensile strength),
• frost resistance,
• weight reduction (shrinkage)
• water absorption capacity,
• bivalent calcium iron content and specific con

ductivity.

In the applied trials, the following were investigated:

• setting time,
• adhesion and adhesive strength.

(Only the newly compounded grout was used in the 
field).

The results with the newly compounded grout 
were good. This is probably because of the relatively 
strong hydraulic lime. However, it is worth noting 
that certain of the laboratory investigations gave 
answers about particular properties that differed 
from both the applied and field trials. This shows 
that both types of investigative method should be 
used.

Fig. 2. Wetting injection hole for 
injectable grout on blown plaster,
1997.
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Fig. 3. Workplace, Johan the Painter’s house, Visby, 
Gotland 1998.

Investigations in 1998
Applied investigations of a series of newly com
pounded injectable grouts were carried out, and one 
was used in the field in the autumn and winter of 
1998, see Table 1. Not only the content, but also the 
proportions were varied. The grouts were investigated 
using simple methods, see Fig. 3. A couple of the 
grouts believed to have desirable qualities were also 
used in the field in Träkumla church outside Visby. 
The fieldwork was documented but could not be fol
lowed up because of the short time for the work. A 
couple of reference grouts were manufactured for 
comparison with the results from the injectable 
grouts in the applied investigations. The object was 
to begin basic investigations that could be added to 
later.

Materials
Wet-slaked Gotland lime from Byggnadshyttan på 
Gotland AB was used throughout as a binding agent. 
In some grouts it was supplemented by Gotland clay. 
Three groups of grout were manufactured and given 
the designations “A”, “B” and “C”, see Fig. 1. Group 
A was intended for grouts with possible consolidat
ing abilities (not grout to fixate plaster). In Group A 
all the grouts contained wet-slaked lime, quartz filler, 
water and alcohol. Additional materials intended to 
give the grouts a hydraulic character were also add
ed to every single one of them. These were marble, 
dolomite and granite powders and four different

Table 1. Injectable grouts investigated in 1998, materials 
and proportions.

Grout, Group Contents

A Injectable grout 
for consolidation
A1 and A4-A9

2 parts 1:1 wet-slaked
Gotland lime putty and water,

3 parts quartz filler,
3 parts additive*,
4 parts water,
1 part alcohol.

A Injectable grout 
for consolidation
A2 and A3

2 parts 1:1 wet-slaked
Gotland lime putty and water,

3 parts quartz filler,
3 parts marble powder,
1 part additive**,
4 parts water,
1 part alcohol.

B Injectable grout 
for fixation of plaster 
B1-B8

3 parts 1:1 wet-slaked
Gotland lime putty and water,
4.5 parts quartz filler
4.5 parts additive***,
3 parts water.

C Injectable grout 
for fixation of plaster
C1-C8

4 parts:
- 3 parts 1:1 wet-slaked

Gotland lime putty and water,
- 1 part 1:1 clay 4 and water,
8 parts:
- 3 parts quartz filler,
- 3 parts limestone powder,
- 2 parts additive***,
4 parts water.

D Injectable grout 
D1-D2

1 part 1:1 wet-slaked
Gotland lime putty and water,

2 parts additive****,

1 part water.

D Injectable grout
D4

5 parts of grout Dl,
3 parts limestone powder,
2 parts water.

E Reference mortar
El

1 part wet-slaked
Gotland lime putty,
3 parts sand,
(some water).

E Reference mortar
E3

6 parts Optiroc’s ”Hydraulic lime 
grout coarse” Kh 100/850 (1:5)

- 1 part hydraulic lime,
- 5 parts natural sand with 

polypropylene fibres and air 
entrainment additive,

1 part water.

Additive ***
Bl, Cl - marble powder.
B2, C2 - dolomite powder. 
B3, C3 - granite powder. 
B4, C4 - graphite dust.
B5, C5 - ceramic powder 1. 
B7, C7 - ceramic powder 3. 
B8, C8 - ceramic powder 4.

Additive ****
D1 - 1:1 clay 4 and water. 
D2 - limestone powder.

Additives *
A1 - marble powder.
A4 - graphite dust.
A5 - granite powder.
A6 - ceramic powder 1. 
A7 - ceramic powder 2.
A9 - ceramic powder 4.

Additive ,'"1'
A2 - graphite dust.
A3 - 1:1 clay 4 and water.
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ceramic powders. The ceramic powders were manu
factured from clay:

• no 1, a Danish yellow potter’s clay, no 2, a Scania 
blue clay, no 3, a Scania potter’s clay and no 4, 
a Gotland potter’s clay.

The addition of graphite was in order to investigate 
how it behaved together with other materials. It was 
clear that something like gypsum formation takes 
place. In Group B all the grouts contained wet- 
slaked lime, quartz filler and water, besides addi
tives as in Group A. In Group C, all the grouts con
tained wet-slaked lime, clay, quartz filler, limestone 
powder and water, together with additives as in 
Groups A and B. Some grouts were also made sim
ply with wet-slaked lime, clay, limestone powder in 
some and water. The two reference grouts were on 
the one hand a “traditional” lime mortar, and on the 
other a commercial hydraulic mortar. It was hoped 
that newly compounded injectable grouts would 
have properties somewhere midway between the two 
reference grouts.

All the materials were sifted to a low particle size 
in three different fractions (with an unknown particle 
size distribution as between them) - 0-0.075 mm, 
0.075-0.125 mm and 0.125-0.250 mm. Material 
from the lowest fraction was used for the grouts in 
Group A. Equal parts of all the fractions were used 
for the remaining grouts. At least three samples of 
each grout were prepared for each investigation, 
Fig. 4. For the investigation of adhesion, grout was 
injected between facing bricks. The test samples 
were kept in a closed, unheated room for 28 days at 
100 % RH. Grouts that had not hardened to solid 
bodies were stored for a further 28 days in the open. 
For one of the experiments, cured test samples were 
also stored on centrally heated premises for a further 
28 days.

X Sgf
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Results
For the properties investigated and the methods by 
which the investigation was carried out see Table 2. 
The investigations of hydraulic characteristics, strength 
and adhesiveness were the most revealing. In addi
tion, general handling gave an impression of how 
the grouts work in practice, how they behave in in
jection syringes, how viscous they are, how long it 
takes before the grout sets in syringes, in containers 
and on brick. For results of the investigations of all 
properties for all grouts see Table 3. The view was 
that the penetration characteristics of the grouts in 
Group A should be investigated. This was not done 
as the method did not work.

Hydraulic characteristics
Three types of sample were investigated for their 
hydraulic character - one with the material in a 
small volume, one in a larger volume and one with 
grout injected into water. In comparison with hy
draulic reference grout the mortars with brick pow
der in Groups B and C had a pronounced hydraulic 
character as to a certain extent did the grouts with 
brick powder in Group A. The remaining grouts 
were not as good and the worst were those that con
sisted only of clay, lime and water (and limestone 
powder) and the lime mortar reference grout.

Strength
These investigations gave rather different answers in 
the different parts of the test. To summarise, it 
proved that the hydraulic and lime mortar reference 
grouts and the grouts with brick powder in Groups B 
and C were the strongest. The grouts with brick pow
der in Group A had a certain amount of strength. 
“High strength” in Table 3 probably does not in 
practice indicate a high strength comparable with the 
hydraulic reference grout. This is assumed from the 
knowledge that high water content, low particle size 
and even fractions give a weaker grout.

Adhesiveness
The reference grouts, grouts with brick powder in 
Group B and two of the grouts with brick powder in 
Group C had very good adhesion. Apart from those 
with graphite powder and granite powder, the re
maining grouts in Group B also performed well. The 
grout with dolomite powder and the one in Group C 
with one of the ceramic powders also had a certain

Fig. 4. Cured test samples, Gotland 1998.
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Table 2. Injectable grouts investigated in 1998. Properties and methods of investigation.

Investigative Hydraulic Strength Adhesive-
technique character (crushing ness

strength)

Property

Water
absorp
tion

Frost Resistance to
resistance wetting and 

drying

Visual - has the material 
formed a solid body? X

Visual - has the material
set? X

Visual - has the material 
formed a solid body in water? X

Visual - has the material 
set completely in water? X

Visual - has the material 
lost its shape and strength? X

Can be broken by hand 
- has the material set? X

Can be broken by hand - how well 
set/ hard has the material become? X X X

Can be broken by hand - easy or 
difficult to break the material? X X X

Crushed by hand - easy or diffi
cult to press the material together? X X x

Pressure with applied weights - at 
what weight is the material damaged X X X

Pull samples apart by hand - easy or 
difficult to get the materials apart? X

Weighing + Calculation X

amount of adhesiveness. The grouts with graphite 
powder, the one with marble powder and the D 
grouts had no adhesion that did not break - no corre
lation between adhesiveness and strength was found.

Water absorption
This was investigated by weighing dry test samples 
at set intervals after storage in water. However, cer
tain grouts did not withstand drying in an oven and/ 
or storage in water. Only the reference grouts, those 
in Groups B and C containing ceramic powder, 
grouts Bl, B3 and two of the grouts containing ce
ramic powder in Group A could be tested. The re
sults were uncertain as a small amount of material 
was lost during storage in water. The grouts in 
Groups B and C were most hydrophilic immediately

after drying in an oven, particularly those in Group 
C. This is in relation to the reference grouts which 
were less hydrophilic after drying.

Frost resistance
The question investigated was whether the material 
had become significantly weaker after treatment, 
or whether its strength was unchanged. Only the 
reference grouts and those containing ceramic pow
der were investigated. The remainder had not 
formed solid bodies after storage for 28 days and 
had to be kept for longer. Those that might be able to 
form solid bodies later could not be investigated for 
time reasons. The results showed that there was no 
great difference in the strength of frozen grout in 
comparison with the same grout that was not frozen.
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Resistance to immersion in water and 
subsequent drying
The issue was whether the material was weakened 
by the treatment. Only the reference grouts, those 
with ceramic powder in Groups B and C and three of 
those with ceramic powder in Group A could be in
vestigated, as the remainder did not survive the 
treatment. Their properties and the results were 
somewhat difficult to determine. Some of the grouts 
were eroded somewhat at the edges and acquired 
one or more cracks after the treatment but were re
sistant to pressure approximately as in the investiga
tion of strength. The grouts with ceramic powder 
had some resistance to the treatment.

Conclusions
Initial investigations in 1997 provided guidelines on 
injectable grouts in general and something about the 
properties of selected grouts; they were also a good 
basis for the investigations in 1998. In these the re
sults showed that all grouts containing ceramic pow
der had good properties in comparison with others. 
However, some of these gave relatively good results 
in some of the investigations. It may be of interest to 
investigate granite powder further as the material 
appeared to make the grouts slightly hydraulic.

The grouts in Groups B and C gave the best re
sults and of these the ones with ground brick were

Table 3. Summary of results for the investigated properties of all grouts, 1998.

Grading
scale

Hydraulic
character

Strength
(crushing
strength)

Adhesive
ness

Property

Water
absorp
tion

Frost
resistance

Resistance to 
wetting and 
drying
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The grouts correspond to the symbols:

Al® A2® A3® A4® A5® BlO 
A6© A7® A8® A9® B5 0
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best of all. Grout containing ground brick from 
Scania potter’s clay had the very best results 
throughout (grouts B7 and C7). The grouts used in 
the field worked extremely well, but how they work 
in the conservation object in the long term is still to 
be investigated. Working with injectable grout in the 
field is not difficult but rather different from using 
“ready-mix” injectable materials. It should be possi
ble to make further use of investigative techniques 
similar to those used on adhesion. This is because 
the investigation showed directly whether the grouts 
worked in conjunction with brick. Other walling 
materials and plaster could also be used. Different 
investigations of the same property gave somewhat 
different results. This applied, for example, to the 
investigation for adhesion to frontage brick which 
showed that a few of the grouts had good adhesion 
despite the fact that, after storage as test samples, 
they did not show that they had any particular hy
draulic character.
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The Bird Frieze
A fragment of a 16th century mural painting

Lars Hauglid and Grete Gundhus

Mediaeval Norwegian buildings are generally pre
served as ruins. There is therefore particular interest 
attached to three contiguous mediaeval rooms with 
their vaults intact in the remains of St. Olaf’s Abbey 
in Oslo, founded in 1239. The remains of the mural 
painting in the middle room known as the Bird Frieze 
have hitherto been regarded as a unique preserved 
example of painted decoration in Norwegian monas
tic buildings but investigations in connection with 
the conservation work showed that the painting was 
most probably executed around 1550, when the ab
bey had been suppressed and the rooms had acquired 
a new function. NIKU, the Norwegian Institute for 
Cultural Heritage Research has been responsible on 
behalf of the Directorate of Cultural Heritage for the 
conservation works over the period 1994-1997.

A short history
The rooms are built as hollow wall structures, the 
building material being rubble with extensive use of 
pinnestein in the mortar joints. The rooms have sep
arate entrances of carved limestone and were recon
structed with brick vaults in the 14th century. The 
middle room acquired a brick barrel vault and prob
ably served as a library and writing room until the 
abbey was abandoned early in the 16th century. The 
Lutheran Bishop of Oslo, Franz Berg, reconstructed 
the rooms and repaired them as part of his private 
residence around 1550. Around 1600, further reno
vation was carried out. From the end of the 17th cen
tury until the beginning of the 20th, the rooms were 
used as cellars and were subject to many changes. 
Only early in the 20th century were architectural 
investigations of the remains of the abbey buildings 
undertaken. These were carried out in three periods 
with conservation and restoration attempts prior to 
the current project. In consequence, the rooms are 
currently of motley composition against a back
ground of their long history of different functions

and changes. The target of the present work was to 
conserve the Bird Frieze and the room with as much 
as possible of its visible architectural history intact.

The Bird Frieze
The many architectural finds made in connection 
with the conservation work meant that it was possi
ble to reconstruct and date many changes that had 
not hitherto been known.

It should, in particular, be mentioned here that, 
under the plaster of the Bird Frieze, pieces of roof 
tiles of the “simple curved” type were found pushed 
into the lime mortar. The pattern is almost the same 
as today’s roof tiles but not quite as curved. Roof 
tiles of this type cannot be related to mediaeval mo
nastic bricks, and archaeologists classify them as a 
post-reformation type when they are found in exca
vation sites in the area around the abbey. In addi
tion, the same type of plaster as that on which the 
frieze is painted was found immediately above the 
same type of roof tile in another place in the same 
room. Against the background of these traces, it is 
obvious to date the execution of the frieze to the time 
of Bishop Franz Berg - around 1550. After the 
walled-up areas from the 18th and 19th centuries 
had been taken down, the remains of a carved three- 
bay window of limestone from around 1240 were 
discovered. At the same time, remains of the Bird 
Frieze were observed which showed that the frieze 
was carried right into the window recess. In contrast 
to the other fragments of the frieze in the room, no 
trace was found of later over-plastering. This means 
that the frieze was visible until parts of the window 
were bricked up at the beginning of the 18th century.

The investigations show that the frieze originally 
ran right round the entire room up to a height above 
the present floor of approximately 3.20 m, apart 
from the west wall (the entrance area) where it prob
ably consisted only of a decorative lower border
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Fig. 1. St. Olaf’s Abbey, Oslo. Remains of the Bird Frieze on the south wall after conservation and exposure. The frieze was 
painted at the time the room was renovated under Bishop Franz Berg in the middle of the 16th century. The frieze once lay 
against the plaster on the surface of the brick wall and ran right round the room.

along ogive niches. It is also very likely that the rest of 
the walls and the barrel vault were whitewashed. 
Older layers of plaster were also found that show that 
the room was lime plastered in the middle ages, pre
sumably with simple decoration.

Only fragments of the Bird Frieze have been pre
served. These can to a large extent be found on the 
lower parts of the barrel vault on the north and south 
walls. The overall width of the frieze is approxi
mately 28 cm. The main motif consists of a series of 
alternating birds and circles. Different types of bird 
are portrayed naturalistically in profile. The birds 
are reproduced in two sizes. In the smaller version, 
two birds are standing between circles with their 
tails towards one another. In the larger version, there 
is room for only one bird between the circles. The 
birds are sitting on branches growing out of the 
lower edge of the circles. The motifs were executed

by a sure artistic hand. At the bottom, the frieze is 
brought to a conclusion by three patterned borders - 
a wickerwork border, a border of dots and a horizon
tal S band. The motif has no defined upper edge.

On a visual assessment, the structure consists of 
four layers: base plaster, a layer of slurry, a white
wash layer and decoration. The base plaster is a layer 
of mortar smoothed with a trowel consisting of clay 
in lime mixed with sand with fine strands of hair as 
reinforcement. Pieces of wood chippings have been 
recorded distributed in the plaster layer. In addition 
there is a series of lumpy brownish inclusions in the 
plaster. The inclusions have not been analysed but 
they are reminiscent of rust containing lumps of 
earth. Such plaster with clay mixed with lime was 
used a great deal in the post-reformation period. 
Over the base plaster there is a thin and relatively 
coarse-grained layer of lime slurry with gaps right
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the way through in some areas. The surface was then 
roughly whitewashed before the decoration was 
painted. In a fresco painting, the lime pigments are 
applied to a fresh layer of lime slurry before it dries. 
In this case the layer of lime slurry was so thin that it 
dried/hardened relatively quickly and, in order to 
carry out the decoration by the fresco painting tech
nique, it must have been necessary to restrict the 
area that could be painted at one time. The result 
would have been clear indications of giornata be
tween every new area that was coated with slurry 
and then painted immediately. There are no signs of 
marking out the giornata. It is therefore reasonable 
to assume that the decoration was mainly carried 
out on a hardened layer of lime slurry, that is to say, 
using the al secco technique. In all probability the 
work of painting was started while the plaster was 
still fresh only to conclude on dry/hardened plaster.

The circles, which are part of the frieze, were in
cised in the fresh lime slurry by application of divid
ers. The sharp lines show that the decoration was 
begun using the fresco painting technique. Had the 
circles been sketched in on a dry layer of slurry, the 
lines of the circles would have been irregular. Much 
points to the circles having been coloured but today 
the pigments are lost and the circles stand out in a 
somewhat more yellowish lime colour than the sur
rounding whitewash. Above the circles there are 
faint traces of a grey-painted ball. Branches and 
greenery, which grow out of the lower edge of every 
circle, have a pale brownish grey colour. The col
ours are probably based on mineral pigments and 
charcoal black. The more nondescript colours in the 
foliage and the circles may be of organic origin. 
Polychromy has as a whole been retained in subdued 
tones. Some birds are only depicted by outline against 
the white lime background while others are merely 
given in a greyish colour outlined with black.

The work of uncovering and conservation resulted 
in the emergence of half a bird on the right part of 
the northern wall and the possible remains of a cir
cle. An entire new bird and two half ones emerged 
on the south wall.

Damage
In both the fragments of the frieze there were many 
areas of weathered plaster in which both the lime 
slurry and whitewash layers have been lost. Around 
the crumbling areas, the slurry layer with whitewash 
and decoration is hanging in cobwebs. A large part 
of the slurry layer is also flaking seriously around

the edges of the weathered parts. Other damage, that 
cannot be seen with the naked eye but can be felt by 
carefully touching the surface, includes cavities un
der the then slurry layer as a result of which the plas
ter under it is ready to break up.

The lime slurry layer was full of minor blemishes 
with material falling out. This is the fault of the 
brownish particles in the plaster layer mentioned 
above in which unslaked particles have caused deg
radation of the painted surface as a result of later 
expansion. The damage was spread evenly over the 
whole expanse of the fragment. The lime/clay plas
ter layer itself had come away from the brick in 
many places and formed cavities. Stresses in newer 
cement plaster originating in 20th century repairs 
were pulling parts of the original slurry layer away. 
The damage is the result of the uneven quality of 
the original bricks, impurities in the original plaster 
layer, later building work in the rooms, water leak
age, frost damage, secondary cement mortar and 
mechanical damage.

In comparison with old photographs from the be
ginning of the 20th century, one can see that much of 
the pigment layer of the frieze has been lost, parti
cularly the painted yellow-brown wicker border. 
The pigments now have only a poor grip in many 
places and cannot withstand being touched. Lime 
layers from later periods cover the decoration in 
many places.

Removal of cement mortar
The conservation work on the Bird Frieze has delib
erately been restricted to point and edge protection 
of loose plaster layers. Total conservation of a mural 
painting can easily entail stresses even if, as in this 
case, mainly the same materials are used as in the 
mural painting. The major challenges were to re
move earlier types of cement repair and their resi
due. The frieze was protected by the application of 
protection to its surface in the form of thick, long- 
fibre Japan paper attached with cellulose glue. The 
paper was cut to shape along the broken edge of the 
frieze so that it was possible to work on the lime 
plaster edge to edge.

Several methods for removing the recently inserted 
bricks in cement mortar at the upper edge of the 
frieze were tried but the only one that worked was 
using an impact tool driven by an air compressor. 
This made it possible to adjust the force of the im
pact and speed through the quantity of air going to 
the impact chisel. After testing this instrument, we
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Fig. 2. St. Olafs Abbey, Oslo. Detail of the Bird Frieze on the south 
wall before conservation and exposure. The remains of old layers of 
lime and cement repairs cover most of the motif. To the right one may 
dimly perceive one of the circle motifs of the frieze above the edge of the 
design. Fig. 4 shows the same area after conservation and exposure.

Fig. 3. St. Olafs Abbey, Oslo. Project Manager 
Lars Hauglid ready to remove earlier cement re
pairs, see Fig. 2. Using an air-powered chisel 
with controllable speed proved to be the best 
method of removing the old cement repairs.

Fig. 4. St. Olafs Abbey, Oslo. Detail of the 
Bird Frieze on the south wall after conserva
tion and exposure. Compare Fig. 2. The 
weathered layer of original plaster falls off as 
soon as it is touched but all the same it was 
possible to preserve practically all overlying 
traces of loose decoration. The decor was 
secured with protection on its front and 
fixated to new lime plaster.

Süß,
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had high hopes of removing the stressed cement right 
up to the painted frieze. The impact tool was im
proved by providing a number of sharp chisels of 
different shapes. The work was carried out over 
small areas at a time until the cement and added 
bricks had been broken up into pieces. It was a criti
cal phase of the work when it was being carried out 
in the proximity of the original paintings. All the 
cement was removed by this method.

The overlaid layer of lime was removed with a 
scalpel under a magnifying glass. The birds that had 
hitherto been concealed under 5-6 layers of white
wash were exposed in this way.

Conservation
All the outer broken edges of frieze fragment were 
secured with reinforced lime mortar (thicker mix 
with slaked lime). Lime mortar was applied to the 
sloping edge in order to obtain the best possible bond 
to the brick substrate and the painted frieze. The 
lime mortar was cut in along the slurry/lime layer 
on which the decoration was executed. All the dam
age within the fragment was cleaned of decomposed 
mortar and visible brownish expanding particles in 
order to obtain good point attachment of the new 
lime mortar which is a weaker mix than that used on 
the outer broken edges (that is, it uses more ballast). 
All pits were filled with lime mortar.

Blown areas that were in danger of falling off 
were secured by injecting a thinned lime mixture of 
milk of lime, finely ground dolomite and thin cellu
lose adhesive.

The slurry layer and decoration had come away 
from the greatly weathered plaster base over a large 
area. In addition, there were new cement repairs on 
top of the loose slurry layer. The whole area was 
secured with a protection on its front (see description 
above) and suspended at its upper edge with glued- 
on paper. The entire slurry layer with its decoration 
was lifted off and the underlying decomposed plaster 
fell off at the slightest touch. New lime mortar was 
built up and the slurry layer and decoration were 
fixated to the fresh lime plaster. The loose area with 
its protective front layer was set in place under gen
tle pressure using thin, damp foam rubber mounted

on plywood. The moisture softened the frontal pro
tection and after about a week it could easily be re
moved. At the same time, the limewater in the fresh 
mortar caused the carbonisation process between the 
slurry layer and the decoration to begin. This con
tributed to fixation of the pigments.

The same principles of securing at the edges and 
point fixation were used on the rest of the frieze on 
the west wall (the entrance area). A slightly finer 
mortar mix was used here because of the thinner 
structure as the frieze is here painted onto a slurry 
layer applied directly to the stonework while the up
per walls are faced with tiles and lime mortar and 
the frieze is painted on a layer of lime slurry over a 
thick layer of plaster. The edge fixation was blended 
in with pigmented lime (malachite and lamp black). 
The remains of overlying slurry layers were re
moved with a scalpel.

The mural paintings were finally conserved using 
limewater with one part of slaked lime thoroughly 
stirred into ten parts of water and allowed to settle 
over several days. Limewater conservation needs to 
be built up gradually from the inside out to the lime 
painted surface. Water and alcohol were sprayed 
over the lime surfaces in order to promote good ab
sorption into the wall and limewater was sprayed 
evenly over the areas of lime using spray bottles. In 
order to prevent it running over the mural paintings, 
it was necessary for the limewater to be thoroughly 
drawn into the wall before more was applied. The 
structure was extremely adsorbant and between 30 
and 35 litres of liquid was applied to each fragment.

The surroundings of the Bird Frieze were origi
nally whitewashed. Today fragments of this 16th 
century decoration constitute only a small part of the 
many preserved traces of a long and diverse archi
tectural history going back to the 13th century.

This article is a greatly abbreviated and revised ver
sion of NIKU Scientific Report No. 007 (in Norwe
gian); Lars Hauglid: Conservation Work at St. Olafs 
Abbey, Oslo, 1989-1997. A Source of increased 
Knowledge of the architectural History of the Abbey. 
- NIKU, Norwegian Institute for Cultural Heritage 
Research, 1998.
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Wall and ceiling paintings in the churches of Latvia
Discoveries, losses and conservation

Jänis Kalnaćs

Historical insight
Although there are more than ten medieval churches 
in Latvia whose construction was begun in the 13th 
century, little or nothing has survived of the Roman
esque or Gothic wall painting and ceiling paintings. 
It may be supposed that there were more examples of 
medieval painting, but that they were destroyed or 
painted over during subsequent centuries. Notably 
disastrous were the Livonian War (second half of the 
16th century) and the Northern War between Swe
den and Russia (beginning of the 18th century), the 
period when Catholic churches were obsessed by 
Protestant parishes (16th-17th centuries). Disastrous 
were also the large-scale repairs carried out in the 
19th century (when the opportunity of exposing the 
discovered examples of paintings was not exploited). 
Typical of this negative attitude are the church dig
nitaries who, during the 18th century, ordered the 
whitewashing of the well-preserved wall and ceiling 
paintings by the famous German painter C. Meyer 
in Riga Cathedral because they were abhorrent. 
Early 19th century paintings in St. Anna’s Church 
in Liepäja and St. Catherine’s Church in Kuldtga de
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picting “Genesis”, “Scenes from the Life of Christ” 
and other traditional subjects were destroyed in the 
same manner.

One of the latest losses caused by underestimation 
was the wall and ceiling paintings (possibly from the 
early 19th century) in the small wooden Catholic 
church of Viski (Daugavpils district). Its wall and ceil
ing paintings - “done in watercolours” - imitating 
architectonic/sculptural decorations (columns, stones, 
etc.) were destroyed in the thirties before transfer of 
the church to Valmiera.

Examples of Gothic wall and ceiling painting
In fact, only one example of Gothic painting, “The 
Coronation of Maria” (late 13th century) has sur
vived in the north portal of Riga’s archiepiscopal 
cathedral. It is recognised as being a fragment of the 
earliest wall painting in Latvia and was found dur
ing renovations in 1891 together with another paint
ing, which has not survived. It remained uncon
served and vulnerable to atmospheric influences and 
has been seriously damaged. In 1895, fragments of a 
painting were also found in the apsidal cupola of 
Riga Cathedral during extensive repairs. It depicts 
angels and a shrouded skeleton, which were later 
recognised as part of “The Last Judgement” and 
probably executed at the same time as “The Corona
tion of Maria”. Information also exists about other 
medieval paintings found in the Cathedral, which 
depict “The Crucifixion” and “Saint Veronica’s Ker
chief”. In 1990 remains of presumptively medieval 
wall paintings - the lower part of a torso - were 
found in the Rubene church (Valmiera district).

Besides figurative compositions in several churches, 
fragments of medieval decorative paintings executed

Fig. 1. Riga cathedral northern portal. Coronation of Maria, late 
13th century. Published in W. Neimann Der Dom zu St. Marien 
in Riga, Riga 1912.
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in lime colours on lime mortar were found in several 
churches during the eighties and nineties of the 19th 
century and, more particularly, during the seventies 
and eighties of the 20th century, when research into 
Latvian architectural monuments was carried out by 
specialists from the Rundäle Palace Museum. They 
may be divided in two groups:

1. 13th century yellow, red and white painted geo
metric bands on vaults (St. Jacob’s Church, Riga; 
the Burtnieki Church, Valmiera District).

2. Late Gothic paintings from the 16th century, de
picting herbage ornaments, which were found in 
sacred buildings in Riga (St. John’s Church and 
the Cathedral Monastery) (Lancmane 1984).

Baroque - the period of the most 
remarkable wall and ceiling paintings
Information about Baroque (end of the 17th century 
- 18th century) paintings in Latvian churches is 
more complete. Actually, all 6 wall and ceiling 
paintings and their fragments included in the list of 
cultural monuments protected by the state (there are 
8,537 objects altogether) are examples of Baroque 
art. One of the common ornaments of this period is 
the hanging - a painted representation of drapery. 
Examples are found painted on the walls of several 
churches, for example in the Rubene Church (Valmi
era district) and the Usma church (now in Riga 
Open-Air museum). Known facts about Baroque 
paintings are connected not only with Riga, which 
together with Vidzeme (north-eastern part of Lat
via), belonged to the kingdom of Sweden at the end 
of 17th century, but also with the prosperous Protes
tant Duchy of Kurzeme (Courland, south western 
part of Latvia) and Latgale (eastern part of Latvia) 
which was ruled by Poland and was actively worked 
by orders of Catholic monks.

One of several Baroque painters of whom some
thing is actually known is the German Cord Meyer 
who arrived in Riga from Lüneburg and who 
worked in the late 17th and early 18th centuries. 
There are written records of his working in Riga 
Cathedral and Saint John’s Church, painting numer
ous pictures not only on walls and ceiling vaults, but 
also on an organ loft, doors, pulpit and other areas. 
Meyer’s paintings in the apse of Riga Cathedral de
pict the Last Judgement. He painted allegories of 
Christian virtues in the vaults of the transepts, to
gether with figures of angels in the southern chapel 
of the bell tower. These paintings, executed in the 
1690s, were whitewashed in 1786 as mentioned

above. In spite of several proposals dating from the 
1820-1830s and 1895 to uncover and restore these 
paintings, only one small fragment of Meyer’s exten
sive ensemble of wall and ceiling paintings (Gros- 
mane 1994**) has been exposed. At the same time, 
the last decade of the 17th century, Meyer painted on 
the columns of the choir of Riga’s Saint John’s 
Church as well as on walls and vaults of its nave. 
Probably it was fragments of his work that were re
vealed in 1910.

The best and the most spectacular surviving exam
ples of wall and ceiling paintings in Latvia are con
nected with the Duchy of Kurzeme. They were exe
cuted in tempera colours on wooden panelling 
in the first half of the 18th century in two small 
churches - Usma (now in Riga Open Air Museum) 
and Apriki (Liepäja District). Both are characteristic 
examples of Baroque phantasmal painting. The Usma 
wooden church was built in 1704 and the paintings 
on its oak ceiling vault and areas around the windows 
were executed at the same time. The ceiling vault de
picts a deep blue sky with heavy clouds and angels 
playing different musical instruments, but the paint
ings around the windows imitate woodcarvings and 
hangings. In 1933 the Usma Church and its paintings 
was moved to Riga Open Air museum and conserved 
as an outstanding example of a wooden building with 
paintings probably influenced by regional traditions. 
An almost complete conservation of the Usma church 
paintings was carried out by Moscow conservators 
about twenty years ago.

The second and probably most brilliant example 
of Latvian Baroque church ceiling paintings survives 
in a small stone church in Apriki where J.F.W. Rode 
painted five vaults in the 1740s. These paintings de
pict allegories of Christian virtues, angels playing mu
sical instruments, and rays of the sun, the so-called 
Gloria, against a background of a light sky and 
clouds. If we compare the Usma and Apriki church 
paintings, the latter are more sophisticated and re
fined, and exhibit not only Baroque but also Rococo 
features. It may be noted that J. Silinś, one of the 
most authoritative art historians in Latvia, when 
analysing the Apriki Church paintings compared 
them with 18th century paintings in Sweden (for ex
ample those in Västergottland, Bohuslän, Småland 
etc.). Apriki church is one of the first examples of 
painting restoration work in Latvia. Paintings de
stroyed (a vast loss of painted area) by moisture in 
1938 were restored by the young Latvian painters 
E. Dalbergs and K. Miezitis supervised by the well- 
known painter L. Liberts. Their work cannot nowa-
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Fig. 2. Riga cathedral northern portal. Coronation of Maria.

days be regarded as serious conservation since they 
added too much new painted area.

Unfortunately, in 1968 the last of several small 
wooden Latgale churches containing 18th century 
ceiling and wall paintings - Stolerova Church (Ré- 
zekne district) - burnt down. The church was paint
ed almost throughout - not only the timber walls 
and planked ceilings but also the pulpit, several al
tars and the confessional were painted. Stolerova 
church was painted about 1770 and had the largest 
known painted interior outside Riga. There is a leg
end that one of the artists was the local organist. The 
Stojerova Church interior paintings combined figu
rative compositions with decorative areas. The col
our scheme was grey and green. In the Stolerova 
church, besides traditional Catholic figures such as 
saints and the evangelists, pictures portrayed sub
jects that are hardly ever found in Polish churches 
(for example “Maria’s Great Family” on the central 
nave ceiling). The Stolerova Church combined fea
tures of different styles. Baroque phantasmal art and 
Rococo ornamental “rocaille” was complemented 
with the simplified workmanship of local craftsmen 
and the directness of folk art.

Similarly, the paintings in one of the most impor
tant examples of Catholic Baroque architecture in 
Latvia - the Kräslava Church - have not survived. 
This church was built in 1755 on the initiative of the 
wealthy and enlightened Count K.L. Plater, and the 
Italian F. Castaldi painted its interiors in 1760-1762. 
He painted three altar murals on the walls of the 
Kräslava Church. The central altar depicted the 
French King Louis receiving a blessing before de
parting on a crusade. A fragment of it is the only 
surviving example of the Castaldi paintings in the 
Kräslava Church since it was later replaced by a 
monumental architectonic-sculptural altar. During 
repairs before Pope John Paul II’s visit to the Aglona 
church (Preili district) some fragments of wall paint
ings were found but such was the hurry, they were 
not even photographed. Nowadays only one exam
ple of 18th century painting remains in Latgale. It is 
an altar piece painted by an unknown artist on the 
wall of the apse of the outlying Piedruja Church 
(Kräslava district) during the third quarter of the 
18th century. This monumental work is painted 
mostly in brown colours imitating architectonic com
position - a niche surrounded by vividly painted col-
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umns and hangings; above the cornice of second sto
rey, sitting angels are depicted.

In the sixties and seventies, fragments of several 
previously unknown Baroque paintings were found 
during repair or research works in churches. Among 
them were two 18th century paintings with herbal 
ornaments on a wooden cornice in the Llvberze Ca
tholic Church (Jelgava District) and several roof 
beams in the Straupe Lutheran Church (Cesis Dis
trict). In the early eighties, large areas of mixed ca
sein and lime wall paintings depicting acanthus 
leaves, festoons and other ornaments were found in 
the Vane Lutheran Church (Tukums district). They 
are ascribed to the end of 17th century. In some re
spects, the Baroque epitaph found in Saint Simeon’s 
Church, Valmiera during works to adapt the church 
as a concert hall is unique. It was painted on the wall 
and it is evidenced by the German text that it was 
dedicated to a widow, one Margaret, who died early 
in the 18th century. This painting is seriously dam
aged because it was not conserved until 1997, more 
than 20 years after it was exposed, and the conserva
tor was only able to disinfect the surface and consol
idate what remained of the wall painting.

The 19th-20th century paintings
Facts about the 19th century wall and ceiling paint
ings in Latvian churches are very limited. Even in 
the seventies and eighties when individual systemat
ic investigations were made of many architectural 
monuments, nothing was found that could be com
pared with the surprising finds in manor houses or 
dwelling houses in Old Riga and Liepäja. One of the 
latest finds in a Latvian church is a fragment of wall 
painting - fleur de lys - in the medieval Straupe 
church, probably executed at the beginning of the 
20th century and found in autumn 1999. One might 
also mention some details of 20th century wall 
paintings such as the hangings painted by the crafts
man J. Zvirbulis around the pulpit and altar in the 
Matisi church, or the unrealised suggestions for the 
medieval Rüjiena church (both in Valmiera district) 
made by the painter E. Treilons.

Conclusions
• Very few Medieval and Baroque wall paintings 

remain in Latvia. The best examples (Apriki, Us
tna, Piedruja, Valmiera) are from the 18th centu
ry, but the only surviving Gothic painting in Riga 
Cathedral requires immediate conservation.

• It is a matter of fact that serious scientific research 
in Latvian churches has been interrupted over the 
last ten years. However, this may be a positive turn 
of events since there is sometimes not enough 
money for the conservation of the wall paintings 
when exposed.

• There are several professional conservators in 
Latvia who are able to work on wall paintings, 
but there is little demand for their skills, especial
ly in churches.

• No serious wall or ceiling painting conservation 
has been carried out in Latvian churches during 
the last fifteen years (except the epitaph in St. Si
meon’s church, Valmiera), but the Apriki Church 
ceiling paintings in particular, require repairs to 
the roof of the church.
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Conservation in Muhu Church, Estonia
Mare Tael and Ruth Tuvike

This article deals with the conservation of the mural 
paintings in Muhu Church. Muhu is a small, pictur
esque island on the west coast of Estonia.

Church history
Muhu’s early Gothic church was built at the end of 
the 13th century in honour of St. Catherine. Its most 
precious features are the mural paintings, which go 
back to the end of the 13th century. Their main 
theme is the life of Jesus Christ. However, in the 
chancel area, twelve prophets, twelve apostles and 
angels were added. On the side walls of the nave, 
there are martyrs, bishops and kings. Nowadays, 
only some fragments of the apostles and angels can 
be seen. The inspiration for the mural paintings in 
Muhu Church has been sought on the island of 
Gotland. It is supposed that the artist came from 
Gotland where a particular style of mural painting 
was practised at the time, derived from the outstand
ing stained glass painting on that island.

The last war also left its scars on Muhu Church. 
In the autumn of 1941 the roof of the building, the 
windows, spire, gallery and much more were de
stroyed by fire. The plaster, vaulting, part of the 
chancel arch, pulpit, pews and murals suffered 
grievously. The church stood roofless for over ten 
years. Of the mural paintings, the figures of saints 
on the northern wall of the chancel and the round 
trompe l’oeuil window on the western wall have sur
vived best. The northern wall of the church has re
tained only individual, disconnected fragments.

As regards the more substantial restoration works 
on the church, it is known that in 1983 the vaults 
were reinforced from the top with concrete. In the 
course of the process the ventilation openings were 
closed off and the floor was covered with dolomite 
flags. Ten years later, extensive reconstruction was 
carried out in the course of which the external and 
internal walls of the church were covered with plaster.

Fig. 1. Tests on the western wall to control green algae.

Only those parts of the wall surface where painting 
fragments were found were left untouched.

Conservation 1970-1973
Tests to identify an appropriate conservation method 
for the murals started as long ago as 1969. Since 
then, conservation experts with different approaches 
have been at work in Muhu Church. The first practi
cal conservation work was done between 1970 and 
1973 by conservation experts from Moscow. The 
mural painting in the chancel area was mechani
cally cleaned of several layers of lime and fixed with 
5-10 % silicon organic resin K-15/3, which belongs 
to the group of long chain polyorganosilicones. The
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first layer of plaster was fixed with the same solution 
using injection methods.

In 1971-1972 vinyl acetate based polymers were 
applied for fixation of the painting - VA2EGA, i.e. 
vinyl acetate co-polymer with 2-ethylene hexacrylates 
and SVED - vinyl acetate with co-polymer ethylene.

To prevent green algae from spreading, solutions 
of different silicon organic resins which belongs to 
the group of long chain polyorganosiloxanes with 
the general formula (SiR20)n were used. The paint
ing was retouched with watercolours. As the final 
phase, the painting layer had one additional coat of 
the silicon organic resin K-42. Simultaneous appli
cation of different types of long chain substance as 
well as siloxane and silicone group silicon organics 
was a widespread conservation technique at the 
time.

Analysis in 1994
In 1994 the condition of the church and of the paint
ings was as follows:

• The surface of the walls of the church was moist, 
and the floor flags were wet in places.

• Everywhere in the area of original plaster and 
exposed stonework, large areas of green algae 
were visible (Fig. 1).

• A lot of mould colonies were found also on the 
one-year-old plaster.

• Crystallisation of salts was apparent on the plas
ter surface and sculptured pillars.

• Fragments of paintings in the area of the chancel 
and chancel arch were peeling off the first layer 
and in obvious danger of falling off (Fig. 2).

• The original plaster was crumbly, the lime binder 
only weakly effective.

• Climatic conditions in the church throughout the 
work, relative humidity: 75.5-98 %, tempera
ture: 14.0-21.0°C.

The reasons for a situation like this arising may be 
summarised as follows:

• Irregular ventilation of the church. Since the ven
tilation slots in the vaults were closed off during 
reconstruction, ventilation took place only through 
the doors, which promoted condensation.

• As the floor is lower than the surrounding ground 
surface and the existing drainage did not operate 
effectively, the moisture content of the walls was 
further increased, which, together with the con
densation, promoted salination and the spread of 
green algae.

• During renovation and repair works at different 
times, materials unsuited to mediaeval buildings, 
such as cement and concrete, were used.

• Heaters used at the same time caused additional 
climatic shock.

• Irreversible materials used for conservation in 
1969-1974 have turned the surface of the paint
ing into a rigid crust-like layer, which has peeled 
off the plaster due to the effects of moisture and 
salinity.

Objectives of the conservation works performed in
1994-1997:

• Determination of the condition of the original 
preserved plaster and paintings by means of visual 
observation and laboratory research.

• Production of a conservation concept and meth
odology based on the results of testing and re
search.

• Conservation of the remaining original plaster 
and fragments of painting.

• Halting the spread of green algae and disinfec
tion.

• Production of a programme for stabilising the cli
mate in the church.

• Documenting the condition of the church and 
paintings and research results and the entire 
works with photos of each phase of conservation.

Research and conservation 1994-1997
In order to provide reliable information on the con
dition of the paintings, a grid of string at one metre
centres was established on the walls. This formed the

Fig. 2. Fragment of painting on the northern wall of the choir 
area before conservation.
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Fig. 3. Fragment 
of painting on 
the northern wall 
of the choir area 
after fixation.

basis for cartograms of damage and conservation 
techniques to a scale of 1:10.

In the summer of 1994, work was limited to the 
western and northern walls of the building. A major 
factor in the preservation of the paintings was the 
prevention of the spread of green algae (Fig.l). For 
this purpose Boracol 10 RH and a mixture of etha
nol and acetone were used with the addition of 
dichlorobenzene. The most durable results were 
achieved with Boracol 10 RH.

The bulk of the work carried out was edge fixa
tion and spot fixation of the original plaster using 
injection methods (Fig. 2-3). For this purpose a mix
ture of lime and grains of quartz sand with the diam
eter of 0.3-0.8 mm. was used. 2-3 % of casein glue 
was added to the mixture. The fragments of the rep
resentation of the rose window on the western wall 
were drawn up to a scale of 1:1. Laboratory research 
on the pigments revealed that ochre, terra di siena 
(on the western wall), vivianite (chancel arch), azurite, 
minium and red ochre (in the chancel area) were 
used. The pigments were fixed with lime water.

The second major set of problems was created 
by the presence of salts and the resultant damage. 
According to laboratory research, the salts con
tained mainly carbonates, sulphates and chlorides

and, to a lesser extent, nitrites and nitrates. To neu
tralise the salts, ammonium carbonate and barium 
hydroxide compresses were mainly used. Removal 
of salts is the subject of intensive study at different 
laboratories and institutions. Unfortunately, to our 
knowledge, no general solution has yet been found.

On the western wall of the chancel area, where 
the greatest number of painting fragments has sur
vived, edge fixation was achieved by using lime put
ty and Ledan TB-03. Since the painting layer had 
peeled off the wall by as much as 5 mm in places, 
it was first covered with a protective gauze with 
Paraloid B-72 in acetone.

The painting was fixed by spot fixation, injecting 
Ledan TB-03 and Ledan TC-1 plus with lime putty 
through the gauze. Pigments were fixed with 3-5 % 
Primal AC-33 solution.

In conclusion, it may be said that the situation of 
the paintings no longer constitutes an emergency. 
The climate in the church has improved substan
tially. In 1997 ventilation slots were drilled in the 
vaults. The continued survival of the paintings de
pends primarily on the stability of the climate in the 
church. This requires constant control of the fluctua
tions in moisture level and temperature in the 
church.
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The conservation of wall paintings
A few examples from Flanders, Belgium

Marjan Buyle

Wall paintings in Flanders
As everywhere else in the world, wall paintings in 
Flanders are organically linked with the building and 
therefore vulnerable. The decay of a building inevita
bly implies damage to its wall paintings. In the icono
clastic fury of the 16th century, the majority of medi
aeval church interiors in Flanders were destroyed. 
Wall paintings were the first victims: they were 
scratched off, chiselled off or had rocks thrown at 
them when they were too high to reach. The Council 
of Trent (1545-1563) judged that such murals were 
not in accordance with dogma and any wall paintings 
that had survived the iconoclasts were systematically 
whitewashed. Only one wall painting escaped the 
whitewash brush, the vault painting in the former 
castle of Pontoz. Further possible damage might re
sult from hacking into the original wall painting to 
provide better support for new plaster and new mu
rals. Numerous wall paintings still lie hidden under 
layers of whitewash and could be damaged out of ig
norance during building works. Unfortunately, much 
plaster has been chipped away under both 19th and 
20th century restoration theory and practice. A final 
but no less important cause of damage to wall paint
ings is previous restoration, often characterised by 
careless exposure, inadequate tools and chemicals, 
and extensive retouches and reconstruction according 
to the restoration philosophy of the time.

The oldest known wall painting in Flanders is the 
Pantocrator of Saint Laurence’s Church in Ename 
(Oudenaarde) from around the year 1000. It was 
painted with precious pigments - vermilion (red), 
malachite (green) and lapis lazuli (blue). During the 
Romanesque period a circle of angels was painted 
over it around a central theme which has practically 
disappeared. The angels’ heads are framed by an 
incised circle. During this phase, cheaper earth pig
ments were applied. The wall paintings were painted, 
as was customary in Flanders, using a tempera tech

nique, using several binding agents - egg yolk and 
white, animal glue, vegetable gum, casein or a com
bination of these. Very few Romanesque wall paint
ings have been preserved, only the figures in the re
fectory of Saint Baafs Abbey’s in Ghent and the 
Calvary in Saint Paul’s church in Vossem (Tervuren).

In the Gothic age, there were two main kinds of 
mural. During the early Gothic period there was 
strictly decorative architectural polychromy, as in the 
chapter house of the Dominican Friary in Leuven, 
the brick trompe l’oeuil paintings in civic buildings 
such as in the Spinolarei in Bruges, and the intrigu
ing “Vasarely” paintings in St. John’s Flospital in 
Bruges. From 1300 onwards there was a revival of 
figurative wall painting. A substantial number have 
been preserved: e.g. at the beguinage church in Sint- 
Truiden, Saint Genoveva’s Church in Zepperen, 
Saint Martin’s Church in Aalst and the Cathedral of 
Our Lady in Antwerp. The Gothic tomb paintings 
that have been discovered in and around Bruges con
stitute a separate category. Having been closed off 
from any light or air, they have kept most of their 
original splendour. Since, in the Middle Ages, peo
ple were buried the day after they died, there was 
very little time to execute these paintings. They are 
tempera paintings, in accordance with the practice 
of the region, but painted on a fresh and consequent
ly wet layer of plaster.

A few samples from the Renaissance have been 
preserved in bourgeois houses in those of our cities 
most influenced by Renaissance — Antwerp and 
Mechelen. In the Baroque period, wall paintings be
came rare and were executed in the colours of the 
large Baroque altars and other church furniture: 
black, white and grey, like the Van der Cruyce paint
ing in Antwerp Cathedral. The 18th century brought 
about a revival which was partly inspired by migra
tory Italian mural painters, mainly active in the cas
tles and houses of wealthy citizens, as for example in
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Bruges, Spinolarei. Detail of King Darius, one of the nine heroes of antiquity.

Hamal, in the Emperor’s hall at Sint-Truiden, and in 
“hotels” in Ghent. During the 19th century and un
der the influence of Neo-Gothic principles, churches 
were once again fully painted, as, for example, the 
church in Vivenkapelle. Art Nouveau integrates 
wall paintings into the whole interior and exterior 
concept. The latter consists mainly of sgraffito pain
tings. Nowadays, we are witnessing a renewed in

terest in murals, especially in towns. This is a brief 
overview of mural art in Flanders.

Analysis and conservation. Gothic house 
on the Spinolarei in Bruges
In 1975, a Conservation Team was set up as part of 
the Administration for Monuments and Landscapes. 
Its main task was to be urgent interventions in situ.

In practice, this boiled down to the treat
ment of polychromatic wood and wall 
paintings. Since the latter are the subject 
of this meeting, we shall restrict ourselves 
to them and describe to you a few works 
carried out by the team. It only takes on 
jobs that cannot, for some reason, be car
ried out by other, independent restorers - 
such as the accidental discovery of wall 
paintings during other restoration works 
in churches or civic buildings, urgent con
servation treatments, pilot-studies, or to 
resolve deadlocks, etc.

One such accidental find was the wall 
painting in a house on the Spinolarei in 
Bruges. The property was acquired by

Bruges, Spinolarei. A brick found on the mantelpiece with 
a detail from a lost painting (Last Judgment?).
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Bruges, Spinolarei. Saint George with dragon and virgin. After uncovering and conservation.

two calligraphers who wanted to install a classroom 
and then discovered Gothic letters on their wall. This 
was the beginning of a series of finds, starting with a 
painting of imitation brick on the second floor and a 
room on the first floor which had originally been 
completely painted. The paintings are only part of a 
completely painted medieval “hall” (a room for the 
reception of important guests). A monumental paint
ing shows Saint George and in the lower parts, to both 
sides of a built-in cupboard, ten personifications of 
virtues. Saint George is depicted piercing the dragon 
with his lance. An angel helps him and out of the 
dragon’s head there appears a black devil. These 
details are rare, if not unique, in the iconography of 
the saint. To the left is a princess with a sheep, about 
to be sacrificed to the dragon. At the top is a town 
from which the king and the queen, the parents of the 
princess, are watching the whole event.

Below are ten niches, with alternating red and 
black backgrounds, where virtues are represented as 
men. In front of each of them is a banderole with a 
four line verse in Medieval Dutch. The virtues repre
sented are: Fortitudo, Largitas, Sapientia, Humili- 
tas, Iustitia, Patientia, Fides, Spes, Caritas and Mis-

ericordia. All of these figures are turned towards each 
other, except Patientia who faces the visitor. This is 
probably because the original name of the house was 
The Patience. It is most unusual for virtues to be rep
resented by male figures and without the usual at
tributes.

On the “garden” wall there is a weathered pic
ture of nine heroes of Antiquity following a trium
phal chariot. The heroes are: Saladin, Hector of 
Troy, King Darius, Ahasverus (the wandering Jew), 
Julius Cesar, King Solomon the Wise, Charles the 
Great (or Alexander?) and King Arthur. The ninth 
hero is not recognisable.

The laboratories of the Royal Institute for Artistic 
Heritage have carried out analyses of the pigments 
and media. The white pigment is white lead, black 
is carbon black, light red is vermilion with chalk, 
green is malachite, sometimes with green earth, blue 
is azurite mixed with white lead, gold is gold-leaf, 
yellow is massicot and orange is minium and chalk. 
The media have been shown to be proteins: egg 
yolk, casein, egg white, or sometimes a mixture of 
these. This, of course, makes it a tempera painting. 
Originally the sky was painted azurite blue with
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glued-on, silvered paper stars of two different sizes. 
The princess’ dress with red flowers on a white back
ground was also covered with silvered diamonds. 
The Virtues’ niches on the other hand, are decorated 
with gold stencilled patterns. Specific details of sty
le, armour and script lead us to date this painting 
between 1380 and 1400. Artistically as well as tech
nically speaking, these wall paintings are of excep
tionally high quality. These painters, from around 
1400, of whom little has been preserved, are the true 
precursors of the Flemish Primitives of the 15th cen
tury.

Uncovering this painting proved exceptionally 
troublesome: the painting was not on the bottom layer 
which was an initial painting of imitation brick. 
Covering the painting were not only several layers 
of whitewash but also two layers of oil paint that 
were much tougher than the ancient tempera paint
ing. The processes of uncovering and fixing were 
carried out simultaneously: scalpel and fixing with 
tylosis/PVA (polyvinyl acetate), after preliminary

moistening with diluted ethyl alcohol. When neces
sary, the plasterwork was fixed with lime caseinate, 
a mixture of dissolved casein in lime, which was in
jected between the plaster layer and the substrate. 
Retouching was done in watercolours.

Conservation work. Saint Genoveva’s 
Church in Zepperen
A second interesting case of cleaning and fixing is 
the recent treatment of wall paintings in Saint Ge
noveva’s Church in Zepperen. This restoration was 
carried out by Bernard Delmotte and Jan Verbeke’s 
Support-Surface company. It is a quite typical exam
ple. In 1898 a wall painting which had been white
washed was rediscovered during works. The Royal 
Commission for Monuments appointed one of its 
members, Father Daniels, to uncover the painting. 
Needless to say, this was done very amateurishly. 
The painter-restorer Leegenhoek of Bruges was then 
asked to carry out further treatment. In order to fix

Zepperen, St. Genoveva church. Last Judgment. After cleaning.
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detached plasterwork, he injected liquid wax into 
cracks and then pressed the loose layers of plaster 
down. Naturally, this resulted in darkened areas 
and, in order to even these out, the entire surface was 
treated with the same wax. Next, the lacunae were 
painted over.

Luckily, we have available iconographic docu
ments - watercolours by Tulpinck from before the 
“restoration” in the early 20th century. In the mean
time, the plasterwork again became detached, partly 
due to constructional problems and seeping water. 
The fixing of the plaster was done with glue where 
the substrate and plasterwork were still in contact 
and with mortar when it was not. The injected mor
tar was hydraulic lime with chalk as a filler. Small 
holes were drilled for the injections. During the dry
ing process, the plaster was kept in position by air 
cushions in order to preserve the shape of the sur
face.

The paint was heavily contaminated by the wax 
treatment. Two different methods of cleaning were 
used - one for the monochrome background and one 
for the figurative paintings. The background was 
cleaned using the “strappo” method; water absorb
ent gauze was applied as a facing with polyvinyl 
acetate and tylosis. When dry, the facing removed 
all contamination together with the layer of wax.

St. Lambertus church, Neeroeteren. Vault paintings after cleaning. 

Next page: St. Lambertus church, Neeroeteren. Vault before cleaning.

For the figurative part, the numerous retouches 
from the previous restoration had to be taken into 
account. Complete removal of all new painting 
would affect comprehension and would ignore the 
“history” of the wall paintings. Because the vault 
paintings were still quite intact and well preserved, 
the more recent paintwork was removed. On the 
walls, it was, for the most part retained, as it co
vered lacunae. The cleaning methods used were me
chanical on the one hand, such as scalpels and glass 
fibre brushes, and on the other, solvents like ethyl 
alcohol/water and isopropyl alcohol/ammonia/wa
ter (80/10/10). Retouching was done in watercol
ours.

Restoration of a restoration. Gothic church 
of Saint Lambertus in Neeroeteren
The last example I would like to present is a resto
ration carried out by Hugo VandenBorre and his 
team. The Gothic church of Saint Lambertus of Nee
roeteren in the north of the country was heavily re
stored at the end of the 19th century. In the same

68 Conservation of mural paintings



' ÆrW ...-V/M 
rń s £/

mSj} ■■

i !p'uJ



period (1893-1908) the Bressers company of Ghent 
also repainted the Gothic wall and vault paintings. 
These are the wall paintings that have been subject 
of recently treatment. Actually, in this case, we are 
in fact dealing with a restoration of a restoration, 
where concepts like authenticity, original materials 
and the value of the 19th century repainting had to 
be considered. Preliminary research, carried out 
both before and during the works, showed that the 
Gothic painting was still present, but was fragmen
tary and in poor condition. Moreover, the Neo-Go
thic painting fits well with the rest of the Neo-Gothic 
decoration such as the furniture, statues, altarpieces 
and organs. The paintings were heavily contaminated 
and also suffering from damp due to the leaking gut
ters and roof. This caused a severe loss of paint. The 
paintings were fixed with very dilute PVA in water 
and ethyl alcohol. The white background was cleaned 
dry because of the porosity of the layer. Using wet 
solvents, the dirt migrated even deeper and could not 
be removed. The restorers used gums and Wishab 
sponges and retouched the surface afterwards with a 
mixture of starch, chalk and a little ochre pigment. 
This kind of “paint” resists salts well and is trans
parent. Retouching the paintings was carried out 
with a paint made of pigments with gum-arabic. 
This was chosen because the Neo-Gothic overpaint
ing used the same materials.

To conclude I would like to say that there is a 
clear evolution towards “conservation” rather than

“restoration”, to minimal intervention with reversi
ble and “weak” products, to light cleaning that re
spects the age and aspect of an “old” painting.
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Temporary consolidation using volatile binding media
Wolfgang Franz

Materials
For about four years now, so-called volatile binding 
media have been used in Germany as an aid in the 
fields of restoration and conservation. The basic ef
fect of volatile binding media consists of temporary 
stabilisation or hydrophobisation of delicate histori
cal objects. This means that the binding medium 
evaporates from the inner structure and surface of 
the object without changing its properties and leav
ing no residue. The binding medium was developed 
in Germany by Hans Michael Hangleiter, Professor 
Dr. Elisabeth Jägers and Dr. Erhard Jägers. In their 
conception, volatile binding media must have the 
following characteristics:

• Solid in normal climatic conditions
• Sufficiently high vapour pressure to evaporate
• Not water soluble, thus hydrophobic
• No damage to adjacent materials
• Must be possible to apply it as a solution or a melt
• Melting point below 65°C
• Soluble in common solvents
• Non-toxic and environmentally friendly

Many different non-polar organic compounds fulfil 
these conditions but in practice three substances 
from the class of cyclic hydrocarbons proved best 
suited to conservation:

• Cyclododecane
• Tricyclene and Camphene
• Menthol (with limitations)

Cyclododecane
Cyclododecane (C,,H24) is a saturated alicyclic hy
drocarbon with a melting point between 58 and 
61°C. It’s boiling point is 243°C, flash point 98°C 
and ignition temperature 265°C. Vapour pressure at 
20°C is about 0.1 hPa, which means that at that tem
perature a cyclododecane film will evaporate 0.03 
mm within 24 hours and a 1 mm thick film will have

disappeared after 33 days - assuming that evapora
tion takes place on only one side. Cyclododecane is 
insoluble in polar solvents but very highly soluble in 
non-polar solvents such as alkanes or chlorinated 
hydrocarbons. Cyclododecane can therefore also be 
used out of a spray can.

Direct application of a cyclododecane melt by 
brush is a little difficult since the melting point is 
quite high, 58-61°C, and the medium solidifies very 
quickly, particularly on cold surfaces such as walls. 
The film becomes generally uneven and too thick. 
The addition of petrol 100-140°C or 1,2,3 trichlo
robenzene reduces the melting point to 40°C and 
makes it easier to work. As a saturated solution in 
petrol or petroleum ether cyclododecane can be ap
plied without melting the material in advance. How
ever, when doing this, it is necessary to have a po
rous surface that the solvent can penetrate to form a 
stable film. If the surface is impermeable and the sol
vent can evaporate only from one side, Cyclodo
decane will form a film of long needles that will felt 
together. A film on an impermeable surface will not 
have the same stability as on a porous one. Further
more, the Cyclododecane film is more amorphous 
from a melt with a solvent than without. The evapo
ration time becomes shorter the more amorphous the 
structure of the film. Resistance to mechanical dam
age is reduced by the same measure.

Cyclododecane may be regarded as non-toxic. 
However, when using a spray, breathing equipment 
and protective goggles are recommended in order to 
prevent the irritant hydrophobic cyclododecane dust 
coming in contact with the mucous membranes. 
Editor’s note: Certain solvents may be dangerous to 
the user.

Camphene and Tricyclene
Camphene is a member of the class of terpenes and 
occurs in nature as an optically active compound in 
ethereal oils. Camphene appears in industry as an
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intermediate product in the production processes of 
various compounds. Its melting point is 45-46°C 
and boiling point 156—160°C. Its vapour pressure at 
20°C is 3.3 mbar and 21.5 mbar at 50°C. Because of 
a double bond, Camphene requires an antioxidant 
otherwise the film does not evaporate completely 
and a greasy residue is left behind. The antioxidant 
is added during production but the quality of the 
product varies and should therefore always be 
checked before use. Camphene is a flammable solid - 
when using it, naked lights must be avoided. It too 
may be regarded as non-toxic and environmentally 
friendly but it irritates the eyes and smells unpleasant.

Tricyclene has similar properties to camphene 
and is occurs in nature in conifer oils. In contrast to 
camphene, tricyclene has no double bond. Its melt
ing point is 64-66°C and its boiling point 152— 
154°C.

A mixture of camphene and tricyclene which oc
curs during the production of camphene can also be 
used as a volatile binding medium. A mixture con
taining equal parts of camphene and tricyclene has a 
melting point of 35°C, which causes evaporation to 
take place much more quickly than with either of the 
basic products.

This means that, under normal conditions (20°C), a 
film approximately 4 mm thick will evaporate with
in 24 hours and one 1 mm thick within only a few 
hours.

Camphene, tricyclene and the camphene/tricyclene 
mixture can be used only as a melt because a small 
admixture of solvent forms an aceotropic mixture
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Fig. 1. Application of cyclododecane. Three horizontal stripes, 
not covered, may be seen.

with properties different from those of the original 
products - i.e. all three components remain liquid; 
they do not solidify at all but evaporate as liquids.

Menthol
Menthol (C10H20O) occurs in nature as the main con
stituent of peppermint oil. It is also possible to pro
duce menthol synthetically. Menthol has a melting 
point of 31-35°C and its boiling point is 216°C. Its 
solubility in organic solvents such as alcohol is 
good. Because of its chemical composition, it is high
ly sensitive to acids and one must therefore ensure 
that there are no acids in the objects to be treated.

Like cyclododecane, menthol evaporates very slow
ly. In normal circumstances, approximately. 0.04 mm 
disappears within 24 hours. Menthol does not solidify 
as quickly as cyclododecane since the difference be
tween the melting points of the two substances is al
most 25°C! Menthol is therefore suitable for thin, 
very evenly applied films. It is a very good volatile 
binding medium but its disadvantages when applied 
to large areas are its irritating smell and its price.

In cyclododecane, tricyclene/camphene and men
thol we have three substances with different proper
ties all of which satisfy the criteria for use in conser
vation. The speed of evaporation does not depend 
only on the specific properties of the substance but 
only on environmental conditions such as tempera
ture and ventilation. The higher the temperature and 
the more intensive the ventilation, the faster they 
evaporate. Use of these three substances in combina
tion is simply not possible. A combination of cyclo
dodecane and tricyclene/camphene, for example, at 
a hard consistency changes after an hour into an ace
otropic liquid state without the application of heat or 
solvents.

Application examples

Cyclododecane melt as a surface protection 
At Chorin Abbey, north of Berlin, walls were to be 
consolidated using steel rods and anchors together 
with the injection of a cement suspension, which im
plied a serious risk to the interior plaster. During the 
first attempt at the work, the cement suspension had 
run without control out of the cracks in the wall. It 
was necessary to protect the internal surfaces of the 
wall and plaster for about 2.5 m above and below 
the level of the injection. The planned method of 
working was tested on a non-historical wall (Fig. 1); 
one surface of the wall was partly covered with a
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Fig. 2. The thin cyclododecane melt simply 
lay on the surface of the plaster and wall 
without penetrating their inner substance.

cyclododecane melt. The liquid ce
ment suspension spread onto the 
wall, ran down. It stuck to the 
unprotected surfaces immediately. 
When it had dried, it could be seen 
that the residue of the suspension 
on the cyclododecane had had no 
contact with the wall and could be 
brushed off or fell off after the cy
clododecane had evaporated.

The application in the abbey 
church was carried out using an 
airless spray gun system that can 
be heated throughout - from con
tainer to spray nozzle (Fig. 2). A 
gauze ribbon was attached at the 
lower limit of the working area 
with cyclododecane melt with dou
ble-sided tape on the covered wall. 
Plastic sheet was then attached to 
the other side of the tape (Fig. 3). 
During the injection process the

Fig. 3. Plastic sheet was pulled over the outer edge of the scaffolding.
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Fig. 4. "Einhard’s basilica” in Steinbach in the Odenwald, built c. 823 AD, with original plasterwork.

cement suspension flowed down over the surface of 
the cyclododecane down to the sheeting and fell to 
the floor, which was covered with plastic sheet and 
paper wool.

Cementation of cracks
Temporary cementation of cracks with cyclodode
cane and surface protection with menthol. The “Ein
hard’s Basilica”, which was built c. 823 AD, reveals 
the existence of extensive original Carolingian plas
terwork on both the external and internal walls 
(Fig. 4). The plaster layer had no contact with the 
wall over large areas and exhibited long cracks 
several millimetres wide. Although the plaster had 
a stable internal tension, there were large voids be
tween the plaster and the wall that had to be filled 
in. In order to avoid the injected material squeezing 
out of the wall during injection, the cracks were 
filled with a cyclododecane melt. This had 10 % 
added petrol 100-140°C in order to obtain a longer 
working time and better penetration of the mate
rial into the cracks. The cyclododecane evapora
ted after conservation without subsequent treatment 
(Fig. 5-7).

Inside the church there are original fragments of 
wall paintings covered by a dirty black gypsum layer. 
In addition, there was tremendous damage to the sur
face of the plaster (Fig. 8). Along the margins of the 
cracks and where mechanical damage had been 
caused, the plaster lost its stability. The exchange of 
moisture between plaster and air occurred mainly in 
these porous cracks so that transport and concentra
tion of salts with consequent destructive processes 
could be observed there. There were two possible 
measures to eliminate the destructive process: re
moval of the gypsum layer (which was still there) 
and cementation of the cracks so as to obtain the 
same conditions for the exchange of moisture as in 
the undamaged plaster.

The work of cementing the extremely fine and 
widespread cracks required a special concept. The 
cement mix was based on lime as a binding medium 
with the addition of quartz sand and pigment. Be
cause it would be inevitable that the mix would con
taminate the surfaces round the cracks, the entire 
plaster surface was covered with a thin film of men
thol. The menthol melt was heated to 60°C in order 
to obtain sufficient residual heat and could be applied
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Fig. 5-7. Evaporation of cyclododecane: immediately after 
injection, after 14 days, after 21 days.

thinly and evenly. The application was followed by 
the cementation, which went ahead very quickly using 
a broad spatula. After drying and evaporation, it was 
possible to brush off the excess on the plaster surface 
and a very clean and exact delimitation between the 
plaster and the cement was obtained (Fig. 9).

Temporary bydrophobisation of plaster 
A saturated solution of Cyclododecane in petroleum 
ether with a boiling point of 40-60°C was used for 
the treatment. In the former hospital church in Bad

Fig. 8. “Einhard’s basilica”. Original plaster, covered by a black 
cement layer. The plaster is lost in the upper and left part of the 
picture.

Sooden-Allendorf in northern Hessen there are 16th 
century paintings on pure lime plaster. During re
building works in the 17th century, the choir was 
torn down and the chancel arch blocked off. Con
temporaneously with the new east wall, the whole 
place acquired new plaster and new wall paintings. 
Remains of lime plaster with original paintings were 
left in situ. The new plaster contains lime, chaff, clay 
in places and a little sand. The paintings were exe
cuted without a base coat directly on the smoothed 
plaster surface. Over the course of time they were

Fig. 9. “Einhard’s basilica”. A clean repair of plaster cracks was 
obtained by the use of menthol.
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Fig. 10. Hospital church in Bad Sooden-Allendorf. Damage to gluten glue overcoating.
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painted over and not until the 1950s were they re
exposed. At the same time the paintings received on 
overcoat of gluten glue. Several years later, the dam
age typical of such an overcoating manifested itself: 
the fixation developed an intense tension and the 
painted layer curled up on itself in places. In addi
tion the overcoating darkened and disfigured the col
ours (Fig. 10).

The task of restoration was now to eliminate the 
overcoating as far as possible, consolidate the paint
ed layer and stabilise the plaster. Gluten glue is solu
ble in water but the problem was that the plaster, 
which contains clay and chaff, also proved to be ex
tremely sensitive to water. Furthermore, when water 
was used as a cleaning agent, typical damp patches 
appeared on the surface of the plaster. The same phe
nomenon would occur on the injection of materials 
containing water.

Temporary hydrophobisation of the plaster with 
a saturated solution of cyclododecane on petroleum 
ether with a boiling point of 40-60°C gave excellent 
results. The solution was applied to the plaster sever
al times without being given time to dry. After the 
petrol had evaporated within about an hour, a white 
deposit appeared on the surface of the plaster. This 
was the result of a partial migration of materials in 
the evaporation zone. The deposit was removed with 
cotton wool pads moistened with petrol. It was im
portant not to reduce the cyclododecane layer in the 
structure of the plaster but only on the surface. Initial 
experiments showed that the hydrophobisation effect 
lasted for 2-3 hours. But on surfaces with hairline 
cracks, it was apparent that, despite the hydrophobi
sation, water was penetrating the structure of the 
plaster within a few minutes. Increasing the viscosity 
of the water using 0.5 % Tylose MHB 30000 elimi
nated the phenomenon.

Short-term surface protection with 
Tricyclene/Camphene
A cement seal with a piece of wood as an attachment 
for an earlier wall covering, possibly panelling, had 
to be removed. The adjoining plaster with its paint
ed layer was much softer than the cement. When re
moving the seal there was a risk that the plaster 
would be damaged. Application of a thick layer of 
tricyclene/camphene melt and a subsequent use of a 
hot spatula or infra-red lamp, which brought about 
structural stabilisation of the plaster, minimised the

danger of loss of material during the work. After a 
few hours, the tricyclene/camphene layer had disap
peared and the subsequent restoration work could be 
carried out.

The examples given here give no more than an 
insight into the possibilities for using volatile bind
ing media. Other examples and current information 
on the subject are available at the Internet site 
www.hangleiter.com.

References
Hangleiter, H-M., Jägers, E., & Jägers, E. 1995. 

Flüchtige Bindemittel. Zeitschrift für Kunsttech
nologie und Konservierung, Vol.9, Worms, pp. 
385-392.

Hiby, G. 1997. Das flüchtige Bindemittel Cyclodo
decane - Materialeigenschaften und Verwendung 
bei der Restaurierung von Gemälden und ge
faßten Objekten. Restauro - Zeitschrift für Kunst
techniken, Restaurierung und Museumsfragen, 
Vol.2, pp. 96-103.

Hangleiter, H-M. 1998. Erfahrungen mit flüchtigen 
Bindemitteln. Restauro - Zeitschrift für Kunst
techniken, Restaurierung und Museumsfragen, 
vol.7, pp. 468-473.

Riedl, N. & Hilbert, G. 1998. Cyclododecane im Putz
gefüge. Restauro - Zeitschrift für Kunsttechniken, 
Restaurierung und Museumsfragen, Vol.7, pp. 
494-499.

Discussion

Peder Böllingtoft: I have tried to use menthol to protect the 
painting while working with the fixation of the plaster.

Lars Götbberg: Are there any residues left?

Wolfgang Franz: No, not from cyclododecane, but it may take 
100 days for the product to disappear completely. A risk is that 
sufficient hydrofobation is not attained which could lead to 
water stains.

Peder Böllingtoft: One further drawback, sometimes, is the 
long evaporation time. Three weeks may be too long to wait. 
We prefer menthol.

Ingrid Hemgren: Is it possible to fix the painting while the 
evaporating binder remains? Is the price high?

Wolfgang Franz: You have to wait for the evaporation to be 
complete. The price is too high for large areas, but it is the cost 
of manpower for the treatment, rather than the cost of the 
binder, which dominates.
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Notes on consolidation of plaster in Portugal
JOSÉ Artur DOS Santos Pestana “Restored in the 20th century, the Braväes Church belongs eternally

to its age, the time when, to all Portuguese then and now, Portugal 
was born.” (DGEMN Bulletin No. 49, September 1947).

Historical overview
During the 1930s, DGEMN (the General Directorate 
of National Buildings and Monuments) commenced 
a series of restoration projects on those religious 
buildings regarded as being of greatest importance. 
Due to political decisions in the spirit of the times, 
particularly concerning the reassertion of national 
identity, the buildings selected were mainly Roman
esque churches in Northern Portugal, since these ex
hibited the national style from the years when the 
nation was founded.

The projects consisted mainly of restoring the 
monuments their original appearance or what was 
believed to be their original appearance. Although 
these buildings were still in use and had been kept 
alive by generations of believers seeking their com

munion with God, the traces of later styles and centu
ries were to be eliminated.

Since its inception, DGEMN has published a bul
letin in which major projects are reported. In the first 
bulletin, in 1935, the programme of intended future 
projects was published and signed by Dr. Henrique 
Gomes da Silva, the Director from 1929 to 1960.

“l.In true patriotic spirit, we must restore and pre
serve our national monuments as everlasting evi
dence to the glories of our country and as glow
ing springs of artistic beauty in order that they 
may imprint themselves upon future generations. 
Future generations must value the noble princi
ples of both the nation’s religion and its art.

2. The principles governing this delicate restoration 
work may not diverge from the path followed 
with remarkable success in the past whereby the 
monument can be reintegrated and its original 
beauty restored. This involves purging it of later 
additions, and making good the ravages of time 
and the vandalism of man.

3. Existing buildings of artistic value will be re
stored and maintained within one clearly defined 
style, even if they are tied to monuments in com
pletely different styles.”

Despite the last clause, the two first points clearly 
illustrate how DGEMN goes about its work.

Complete remodelling of interior spaces in 
churches lead to the discovery of a considerable 
number of mural paintings that had been concealed 
for centuries by baroque altars.

The paintings posed an interesting problem: in 
several churches there were superimposed layers due 
to successive phases of decoration. Within the princi
ple of returning the building to its original appear-
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Fig. 1. Braväes Church. Wall painting in the nave, before the 
work carried out in August 1995.



Fig. 2. Braväes Church. Detail of the painting on the right side of Fig. 1. Removal of the gypsum applied 
during the restoration in the thirties.

ance, the solution adopted was to detach the more 
recent paintings, leaving the underlying ones - that 
is, the oldest. The problem of consolidating the plas
ter of the remaining paintings was resolved by the 
injection of gypsum. The detached paintings were 
placed on new mobile supports made primarily of 
gypsum and fibro-cement.

Gypsum remained in use for consolidating plaster 
until the seventies, when the department of mural 
painting at the Instituto de José de Figueiredo (Insti
tute Portugués de Conservaqäo e Restauro) was es
tablished. After a long stay in Italy by Teresa Sars- 
field Cabral, the director of the department, the use 
of lime casein became widespread.

New methods of consolidation
It is now necessary to refer to some peculiarities of 
mural painting in Northern Portugal. This region, 
rich in granite and poor in lime, is the birthplace of a 
technique of fresco mural painting that is extraordi
narily well adapted to the restrictions of the area,

while maintaining the essence of traditional tech
nique. Therefore, we find frescoes in which, general
ly speaking, only one layer of plaster applied direct
ly to the substrate is apparent. Technically, we find 
the use of the giornata and the preparatory drawing. 
Aesthetically, the paintings are of scholarly origin 
with strong chromatism.

Since 1985, experiments have been carried out on 
new methods of consolidation. The most common, 
which gave excellent results, was the admixture of 
hydraulic lime to brick powder. Consolidations made 
thus are still in excellent condition after fifteen 
years.

In Southern Portugal this method was tried only 
on single occasions on the fresco paintings, because 
there we find what we may consider the purest tech
nique. Here, the presence of one or more preparato
ry layers and an intonaco layer is apparent. Great 
trouble was taken over the preparation of the mor
tar, which was always rich in lime, thus providing 
excellent carbonation of the surface, besides the si- 
nopia, giornata and preparatory drawing.
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Fig. 3. Braväes Church. Detail of a wall painting on the left side 
of the nave. Gaps filled with gypsum during the restoration in the 
thirties.

Fig. 5. S. Juliäo de Montenegro Church. Detail of the nave wall 
painting, left side. The use of Primal in the mid-eighties to con
solidate the edges of the painting now reveals, ten years later, loss 
of plasterwork while the fixative remains on the substrate.

It is important to point out that in the South we 
have earth architecture with greater water permea
bility than the granite used as building material in 
the North. Nevertheless, there are some exceptions. 
In Santa Iria, a region in the South where the soil has 
a large clay component, consolidations were carried

Fig. 4. Braväes Church. Detail of the painting on the right side 
under an oblique light. The stratigraphy of the painting and the 
thinness of the plasterwork are apparent.

out in 1985 by injection of hydraulic lime and brick 
powder. It is now evident that the injection merely 
filled the existing spaces without providing any ad
hesion to the substrate or to the initial preparatory 
layer. A new restoration is currently under way.

Nowadays, the use of PLM is widespread.
In the case of paintings in Northern Portugal and 

particularly in the Church of Braväes, the thinness of 
the plaster and the well-prepared granitic substrate 
render the use of slightly thicker consolidations such 
as PLM difficult. Here we have been forced to use 
Primal AC33 and Plextol B500. However, plaster 
edges consolidated by applying Primal diluted in 
water by brush now reveal results that are barely 
satisfactory. This is the case in S. Juliäo de Monte
negro where we can see that the Primal applied in 
the mid eighties remains attached to the substrate 
while the plaster has completely disappeared.

The major problem of consolidations with gyp
sum is the presence of water. If the building has been 
kept immune from damp problems, the paintings
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will be in good repair despite the gypsum, and the 
plaster will maintain good adhesion to the substrate. 
When this does not happen, you have a disaster.

Detached paintings
In the paintings that were detached and placed on 
mobile supports, we found animal glue was present 
between the original plaster and the gypsum “bed” 
upon which the paintings were placed. Restoration 
of colour was accomplished as if they were oil paint
ings, using oils and tempers as was usual at that 
time, and amounted to almost complete repainting. 
At the time, the result was called an “improved” 
painting.

The problem we face now, when work on this 
group of paintings is necessary, is the restriction on 
the use of water when needed for either cleaning or 
consolidation. Some of the detached paintings are at 
this moment at the Instituto Portugués de Conser- 
vaęao e Restauro so that some of the gypsum layers 
applied as gap filling can be removed. The forties

Fig. 6. Santa Iria Church. Left side of the chancel. In contrast 
with Fig. 4, you can see we are looking at a painting with thicker 
plasterwork.

Fig. 7. Braväes Church. A wall painting from the chancel, detached 
during the restoration in the thirties and put on a mobile support.

repainting may or may not be removed, depending on 
an analysis of each case. The fibro-cement supports 
will not be removed, because of the presence of asbes
tos and the lack of facilities for carrying out such an 
operation without damage to the health of the conser
vators/restorers at the Institute.
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Bro Church. Interior view.

Six churches in Gotland and four in Uppland were visited with the intention of 
presenting a selection of Swedish mural paintings to international experts and dis
cussing conservation issues on site. The history of the paintings in these churches is 
described below.

Abbreviations
GK = Gotlands Kyrkor (The Churches of Gotland), by 
Erland Lagerlöf and Gunnar Svahnström, Arlöv 1984.

SvK = Sveriges Kyrkor series, published by the National 
Heritage Board.
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Bro Church, Gotland

A church in which mural paintings and other forms 
of rich artistic decoration form an eminently beauti
ful whole.

c. 1250 Present choir built (GK).

c. 1300 Present nave built. Paintings on the east wall 
of the nave above the chancel arch representing 
Christ in Majesty with saints including Olof with an 
axe and Bartholomew reaching out his flayed skin.

c. 15th Paintings by the “Master of the Passion” on 
the north wall of the nave and paintings in the choir 
including a scene on the south wall representing 
Mary, the infant Jesus, and St. Ann.

1686 According to an inscription on the north wall 
of the nave, the church was painted internally. Some 
mediaeval paintings were whitewashed over while 
some were “improved”. New motifs were added 
such as Karl XI’s monogram and flowers over the 
choir (GK).

c. 18th Flame coloured acanthus branches and pain
tings of drapery added (GK).

1920 The church was dominated by 17th and 18th 
century paintings but under them “partly exposed on 
the southern side of the choir” there were mediaeval 
paintings which were considered valuable (Anders 
Roland).

1954 Discussion on exposure of mediaeval paint
ings. The National Heritage Board was initially 
doubtful about an exposure which risked damaging 
the 18th century character of the church (letter from 
Bengt Thordeman to Johnny Roosval in August). 
This is comparable with a similar discussion on near
by Hejdeby Church. However, in October the Na

tional Heritage Board gave permission for exposure 
and conservation.

1955 Conservator Erik Olsson of Sanda conserved 
the paintings that had been exposed and exposed 
additional motifs. There were two large cracks over 
the chancel arch which were repaired by wedging in 
pieces of brick. Large areas of plaster where there 
were paintings were loose and plaster of Paris was 
therefore injected as a fixative. In other parts of the 
church peepholes at least were made to establish 
what motifs were present. All paintings were cleaned 
with Absorene, a chemical substance in the form of a 
dough. The surfaces adjacent to the paintings were 
whitewashed and patinated. The 17th and 18th cen
tury paintings were marked out in their damaged 
parts while the 13th century paintings were very 
lightly retouched (Conservation Report April 1955).

1988 Permission from the National Heritage Board 
for minor conservation works by C.H. Eliasson on 
the acanthus tendrils under the gallery.

2000 Permission from the Gotland County Adminis
trative Board for internal restoration work. A special 
conservation programme was to be formulated.

Discussion

Ingrid Hemgren: The heating system is to be changed in this 
church and there may be a request from the parish about lime
washing the interior. I do not consider this to be a dirty church, 
though, and there is no need to lime-wash or clean it.

Kenth Klasén: There are discolorations due to the flow of mois
ture, particularly at the north side. These will show up more if 
the plaster is cleaned.

Peder Böllingtoft: We would not do anything in this church 
because the surface is not damaged.
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Bäl Church, Gotland

One of the few churches in Gotland where there are 
extensive mural paintings that have not been ex
posed.

1200-1250 Present choir built (GK).

1250-1300 Present nave built. Mural paintings (GK).

c.l5th Mural paintings (GK).

1957 Renovation of rendering permitted in the vi
cinity of the stove (G. Svahnström).

1965-1966 The church was restored internally 
(I. Holmström 1968).

1966 Survey. Cracks were observed in the east gable 
of the nave and the chancel arch. Reinforcement 
with girders and tie-rods proposed (G. Hammar
lund).

1986 Test squares over mural paintings were opened. 
These were to be documented and then plastered 
over with lime mortar. (M. Johnson, National Herit
age Board).

2000 Permission from the Gotland County Adminis
trative Board for internal restoration work. A special 
conservation programme was to be formulated. The 
County Administrative Board emphasised that expo
sure of the paintings was important. The Communi
ty of Gotland Churches was encouraged to contact 
experts concerning the exposure. A final position on 
the question of how much should be exposed will be 
arrived at later (J. Hansson).

Discussion

The church is one of the last Gotland churches, containing 
paintings which are not uncovered except for small test areas. 
Like in Hejdeby there are 13th as well as 15th century paintings. 
Should the paintings be uncovered and, in this case, how?

Ingrid Hemgren: It seems that the 15th century paintings have 
poor adhesion and are thus impossible to uncover. The 13th 
century paintings, however, run a better chance to get uncov
ered successfully, but maybe we should rather save this church 
in the whitewashed condition?

Peder Böllingtoft: We would not uncover these paintings un
less the circumstances forced us to. Deterioration starts at once 
and after 50 years cleaning is necessary which again damages 
the paintings, at least to some extent.

Ulf Lindborg: What would you do in Finland and Germany?

Pentti Pietarila: It requires the very best conservator and may
be new methods. Take one section at the time.

Wolfgang Franz: With the normal uncovering procedures you 
lose 20-30 % of the painting which would be unacceptable in 
this case. Wait a few years until the technology improves. It 
could be worthwhile to test a pneumatic chisel rather than a 
hammer. Maybe temporary fixation with cyclododecan could 
be used, but the method is at present too time-consuming for 
large areas like this.

Bäl Church. Interior view.
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Dalhem Church, Gotland

Dalhem is an example of a Gotland church that un
derwent radical restoration that completely trans
formed it at the turn of the 19th/20th centuries. A few 
remaining mediaeval paintings were combined with 
a large number of new paintings from mediaeval 
models executed around 1900.

1200-1250 Present choir and nave built. Dalhem 
became one of the biggest country churches in 
Gotland (GK).

1300-1350 Mural paintings with the Descent from 
the Cross and a group with St. Michael (SvK).

The paintings were whitewashed over at some un
known time.

1874 The mediaeval paintings were encountered 
and exposed at the time the interior was replastered. 
They were inspected by B.E. Hildebrand who de
scribed them in detail and then gave permission for 
them to be plastered over as repairs could not be 
interrupted (KVHAA minutes).

1899-1907 The interior was restored with the vicar, 
Johan Odin, as chairman of the restoration com
mittee, the artist, A.H. Hägg, as architect, and Wil
helm Pettersson as decorator and conservator. The 
mediaeval paintings were also restored despite re
sistance from the majority of the parish meeting. 
The motifs were regarded as bearers of “catholic

Dalhem Church. The interior got its present character by the 
1899-1907 restoration.

14th century paintings to the right of the pulpit.
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Dalhem Church. The archangel 
Michael and the dragon, 14th 
century.

placed immediately below 
them (W. Pettersson, 1914).

Around 60 new motifs were 
painted by Pettersson after 
sketches by Hägg.

1946 Some of Pettersson’s 
paintings were considered to 
interfere with enjoyment of 
the monumental 14th centu
ry painting material. Permis
sion was given to remove 
Pettersson’s paintings from 
the chancel arch (National 
Heritage Board A. Gustaws- 
son after a suggestion from J. 
Roosval).

By the time Pettersson arrived, the mediaeval paint
ings had, for the most part, been exposed and moder
ately well retained. On the belly of the devil figure 
there was an “unattractive” face which, permission 
having been received, was painted over. Blurred out
lines were “firmed up” and a few large parts that 
had fallen off from the upper part of the Descent 
from the Cross group were reconstructed. The resto
ration of the church as a whole and the interference 
with the paintings were later criticised. Pettersson 
conceded that newly added parts should have been 
marked with dotted lines and a year but defended the 
retouching. He considered that if the “freshening 
up” had not been undertaken the paintings would 
have been lost, especially as a heating stove had been

The plaster on which Pettersson decorated was a 
lime cement plaster on which water often condensed. 
The paintings were reinforced where the remaining 
binding agent was inadequate. The green colour in 
the vault had almost entirely disappeared and was 
now repainted. The surfaces between the paintings 
were re-rendered (Erik Olsson, 1970).

Discussion

The plaster inside the church is yellowish while the ground of 
the medieval paintings is whiter than the surrounding undeco
rated plaster areas. Erik Olsson cleaned the yellowish areas in 
about 1968.

There is no need to whitewash the church.

ideas” and in any case the parish lacked the means 
for such ornamentation. Odin registered his dissent 
and recommended restoration (minutes of parish 
meeting, 30 July 1899).

1969 The church was dirty 
after 60 years of use since 
restoration and the whole of 
it now required new plaster 
except on the paintings. The 
paintings were cleaned with 
gomma pane. Examination 
showed that the mediaeval 

plaster was pale yellowish white but it was decided 
to give the lime surfaces up to the paintings the same 
darker, yellowish grey tone the church acquired on 
restoration.
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Hej dęby Church, Godand

A beautiful Gotland church with mural paintings 
from two periods.

c. 1200 Present choir and apse built (GK).

1200-1250 Present nave built (GK).

1250-1300 Figurative paintings in apse and nave 
(GK).

c. 15th Figurative paintings in the nave: a passion 
cycle on the north wall and a few saint figures on the 
south wall (GK).

1697 The forward part of the church was renovated 
inside and out. Only now were the apsidal paintings 
rendered over (SvK).

c. 1745 Painted drapery in the apse, nave and on the 
retable executed by Johan Flernell (SvK).

presence of mural paintings and reported that there 
were mediaeval paintings (under the plaster) on all 
the walls of the choir as well as those of the nave.

1964 The 13th century paintings had by now been to 
a large extent exposed despite the earlier assessment 
of the value of the 18th century environment. Profes
sor Erik Lundberg made a proposal for restoring the 
church and declared himself in favour of exposing 
the paintings.

1964 The National Heritage Board was in favour of 
continuing exposure.

1966-1967 Because of crack formation in the vault 
of the choir, reinforcing work was carried out there 
and in the masonry of the choir which also involved 
replastering the choir.

St. George and the dragon, 
15th century.

1950 Conservator Sven 
Dalén was commissio
ned to investigate the

1949 The assessment made that Hejdeby Church 
was in a special class because so much 18th century 
furniture and decora
tion has been retained.
In other churches 18th 
century decoration was 
sacrificed when mediae
val paintings were expo
sed. Exposing mediae
val paintings in Hej
deby too is undecided 
(Martin Olsson).

1968 The grimy nave was now considered to give a 
“strange impression” against the bright choir.



Triumphal arch. St. Martin, 13th century.Hej de by Church. Triumphal arch. St. Martin and 
St. Laurentius with his gridiron, 13th century.

there are 13th century paintings which were also re
vealed. The 15th century paintings were partly plas
tered over where they interfered with the exposed 
13th century figures.

1968-1970 Further exposure and conservation of 
mediaeval paintings around the church carried out 
by Erik Olsson. The great 15th century passion cycle 
on the north wall of the nave was exposed. Under it

St. Martin and the beggar, a 15th century painting carefully 
placed between two 13th century figures.

Discussion

Erik Olsson: I tried in 1968 to make a strappo with the 15th 
century paintings but it did not work so we had to destroy the 
parts of the 15th century paintings which were above the older 
paintings.

Åke G. Sjöberg: Have any parts of the paintings got weaker 
since you uncovered them in 1968?

Erik Olsson: No.

Åke G. Sjöberg: Did you “improve” the paintings to any ex
tent?

Erik Olsson: I added a stick on the triumphal arch. I consoli
dated with lime casein and never used gypsum. The surface 
was fixed with lime water.
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Källunge Church, Gotland

The church has early mural paintings of an unusual 
Russian-Byzantine type. The building has a singular 
form in that the nave is small, a remainder of an 
early church from the Romanesque period, while the 
Gothic choir is large.

The paintings were rendered over at some unknown 
time. Before 1935 when the volume of Sveriges Kyrkor 
(Churches of Sweden) on Källunge was compiled, 
the Russian-Byzantine paintings, among others, had 
been partly exposed.

c. 11 SO or somewhat earlier Present nave built (GK).

c. 1200 Russian-Byzantine paintings on the east and 
west walls of the nave. Runic inscriptions incised in 
several places in the nave.

1930s Restoration planned. Much of the discussion 
concentrated on the location of the organ loft so that 
it should not interfere with the appreciation of the 
wall paintings.

East wall of nave. Overview of Russian- 
Byzantine paintings c. 1200.

c.1300-1350 Present choir built (GK). 

C14th-15tb Wall paintings (GK).

1946 The architect Erik Fant drew up a final pro
gramme for the internal restoration of the church - 
the known mediaeval paintings in both the nave and 

the choir should be both exposed 
and conserved. The conservator 
should investigate whether there 
were other wall paintings. The 
plaster on the walls had to a large 
extent fallen off or was loose espe
cially on the west and north sides 
of the nave. Loose plaster bearing 
paintings or runic inscriptions was 
to be fixated by the conservator. 
Otherwise it was to be stripped off 
whereafter the surfaces were to 
be finished with new plaster made 
as like the old as possible. For the 
rest, the later pigmented layers 
were to be brushed or chipped 
away from old surfaces. These sur
faces were to be retouched and
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Källunge Church. East wall of 
nave. Fragmentary painting of the 
Three wise men on white horses.

Detail of the head of one of the horse
men. Oblique lighting to indicate the 
weakness of the paint and the damaged 
condition of the plaster.
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newly plastered surfaces to be treated with a suitable 
wash to match the old ones.

1951-1952 Restoration carried out in which the 
conservator Bertil Bengtsson of Linköping and the 
artist Curt Viberg of Visby were responsible for ex
posure and conservation. A passion cycle was re
vealed on the north wall of the church and a similar 
painting on the south wall of the church. Mediaeval 
decoration with pillars and arches was discovered 
on the front of the altar (Gotlänningen, 1 August 
1952). Only then did the church acquire heating (by 
electricity).

1970 On a survey, streaks of moisture were ob
served on the walls of the nave on the southern, 
southwestern and western sides.

Discussion

Åke Nisbeth: Analysis work by Nord and Tronner shows that 
Källunge, Garda and Mästerby belong to the same group of 
churches with strong Byzantine influences. Here at Källunge 
the arch paintings are in a bad condition and “may be blown 
away”.

Marjan Buyle: There seems to be no need for major conserva
tion of the wall paintings in the church as a whole.

■ v
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West wall of nave. Last Judgment, c. 1200. The round objects to the right are the skulls 
of the damned souls in hell’s fire.
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Mästerby Church, Gotland

Of the churches in Gotland Mästerby is one of the 
ones with most mural paintings. It has an acute res
toration problem involving a Romanesque fresco 
with a figure of the Madonna and two angels. The 
painting slowly continues to disappear.

c. 1200 Nave, choir and apse built (GK).

c. 1200 A Madonna in Majesty with angels was 
painted in a niche by the former altar to the Virgin.

1200-1633 Additional paintings added.

1914 The whitewashed-over paintings were investi
gated by C.W. Pettersson.

1922 The church was restored in line with a propos
al by the architect, Anders Roland, in the process of

which the mural paintings were exposed by the artist 
C.W. Pettersson.

1926 The parish sounded the alarm on the wretched 
condition of the painting of the Madonna in its niche. 
The pigments were flaking off the surface. The Na
tional Antiquary arranged, on the one hand, conser
vation and, on the other, an investigation of protect
ing the painting from a nearby stove (S. Brandel). 
Conservator, Alfred Nilsson, considered that the 
damage was being caused by moisture from outside 
meeting the warmth from the stove. A fixative layer 
on top of the painting itself had shrunk as a result of 
drying out. Nilsson removed as much of the fixative 
as possible and attached the painting (A. Nilsson, 
1927).
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Niche with Madonna 
in majesty with angels, 
c. 1200. The painting 
has serious conservation 
problems.
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Madonna in majesty with angels.

Detail of the head of the Madonna. The paint 
layers curl and flake off. Oblique light.

Church descriptions - Mästerby Church 95



Mästerby Church. Triumphal arch. Overview with 15th century paintings.

Triumphal arch. Archangel Michael weighing the souls, disturbed by small devils. To the right: Hell’s mouth (15th).
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1927 Changes to the stove and draining of water 
were proposed to reduce the stresses on the painting 
of the Madonna. Nilsson’s work was criticised for 
using far too much new colour which did not alto
gether go with the old fine green (Edle).

1989 The painting of the Madonna was investigated 
as the painted layer appeared to be working loose 
from a subsequent layer of lime. The painted layer 
and substrate proved to be water-soluble which 
points to a painting in colour wash rather than a 
fresco. The painting then exhibited more damage 
than in the photograph of 1925-1926. Consolidation 
of the layer with silicic acid ester (a stone conserva
tion medium) or acrylic dispersion was discussed but 
these agents were considered too harsh for this pic
ture. The best possibility was considered to be to wait 
for something better (Conservator Lars Göthberg).

1991-1992 Interior restoration in the course of 
which conservator Harald Norrby cleaned the mu
ral paintings with the exception of the Madonna 
group which was left undisturbed because of the spe
cial problems with that painting. Cleaning materials 
included gomma pane (Gotlands Fornsal documen
tation, Nov. 1992).

Technical investigations and further photos: See the 
article by A.G. Nord and K. Tronner in this book.

was placed in the niche. Heat and fumes may have damaged 
the painting.

Lars Göthberg: An unusual technique was used to make the 
painting. There is a chalk ground at the edge. Casein has 
turned grey. Make UV-photos.

Peder Böllingtoft: The plaster is slaked lime containing uneven 
balls, maybe from insufficient slaking. Several retouches are 
visible at the painting.

Ingrid Hemgren: Careful testing including UV-photography is 
needed before new conservation attempts are made.

Discussion 

The apse
Harald Norrby: I conserved the apse in 1991-1992.

Lars Göthberg: I came here to try to get casein out at the north 
side of the apse, but it turned out to be distemper (limfärg).

Åke Nisbeth: The distemper is probably from a 17-18th centu
ry restoration.

The Madonna painting in a niche in the triumphal arch 
Åke Nisbeth: Less and less remains of this madonna painting 
each time I visit the church. During a period there was a wood
en board cover in front of the painting while a heating stove

Apse. Three men. Painting from 1633 over 13th century figures. 
The man in the center has a typical 17th century appearance.
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Estuna Church, Uppland

Richly detailed mural paintings from both 13th and 
15th centuries. Those from the 13th century stretch 
above the vaults.

c. 13th The church was built to its present size in 
several stages (SvK).

c. 1270 The upper part of the walls was decorated 
with paintings. A newer lower vault was built shortly 
afterwards whereupon parts of the paintings ended 
up above the new vault (SvK).

1298 The church was consecrated (Peringskiöld 
Mon III).

1463 The nave was replastered and decorated with 
mural paintings (SvK).

1726-1933 The inside of the church was white
washed (SvK).

Painting at the east wall, c. 1270, now above the vault.

1921 Erik Lundberg inspected the church and ob
served that the walls and vault seemed to be entirely 
covered in paintings that could dimly be seen through 
the flaking rendering on top. The paintings on the 
attic required conservation as they were threatening 
to fall off.

1930 The paintings lower down the church were re
vealed and conserved under the direction of the ar
chitect, Erik Fant.

1938 S. Curman, the National Antiquary, proposed 
that the mural paintings on one of the long sides 
above the vault should be taken down and trans
ferred to the Museum of National Antiquities which 
had no monumental painting from the middle 
ages. (Letter from Curman to Pastor Freyschuss 
on 13 May 1938). The National Heritage Board 
would take care of copying and conserving the 
paintings on the east gable and other long side above 
the vault.

1941 The government gave permission for removal 
and transfer to the Museum of National Antiquities 
(Cabinet meeting 24 October 1941). For a variety of 
reasons removal did not take place (1954).

1957 The paintings over the vault were conserved 
with edge fixation with lime mortar and attachment 
with limewater (Sven Dalén, 1958).

1976-1977 The paintings in the church were con
served by Bengt Grandin. Cleaning with cleaning 
dough and retouching of the paintings (Grandin, 
description of work 1976, Norrtälje Tidning, 28 
March 1977).

Discussion

Lars Göthberg and Ida Haslund: The west wall of the organ 
loft has paintings in a poor condition. The paintings are flak
ing off, possibly a casein problem?
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Internal view. In the foreground a scene from Golgata, c. 1463.

West wall behind organ. The Prodigal Son receives his heritage, c. 1463.

Detail of the feet of the Prodigal Son with 
plaster damage at several spots.
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Rimbo Church, Uppland

A church in which cleaning and conservation of mu
ral paintings was imminent at the time of the visit. 
The painting of the seven sacraments is particularly- 
interesting.

good condition, should be retained unchanged while 
the damaged wallpaintings should be done over when 
they had been photographed (Otto Janse, memo July 
1903).

1450-1500 The church was built (SvK).

c. 1500 The walls of the choir and the vault were 
given paintings (Nilsén 1986). The wall of the sac
risty was carefully painted after a woodcut from 
Nürnberg in the 1490s (Kihlström, 1958).

C17th-18th The paintings were rendered over (SvK).

1903 Exposure, conservation and retouching carried 
out by the decorative painter, Ernst Dahl. It was or
dered that the paintings in the vault, which were in

1969 Conservator Sven Carlsson cleaned the paint
ings, filled the cracks and did some retouching. Un
disturbed paintings were found in the niche of the 
window of the choir. These paintings had been 
walled up but never rendered over (Svante Hagman 
1969). In the baptismal scene certain changes were 
made to what had been painted in after approval by 
the National Heritage Board (Å. Nisbeth).

1999 The paintings were conserved by Lars Göth- 
berg and assistants, cleaning with gomma pane. Ear

lier retouchings proved to 
have darkened because of 
blackening of the binding 
agent. The conservator never
theless allowed the old re
touchings to remain. In many 
places the plaster was loose 
on the walls where the plas
ter layers had poor attach
ment to the stone behind it. 
The plaster in the vaults was 
firmer because there the ma
terial at the back was brick. 
“Quaking” plaster was fixed 
mainly with Ledan Dl, an in
jectable grout, and sometimes

Karin Göthberg cleaning paintings 
using gomma pane and a brush. 
The tape is used for marking pur
poses.
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East wall with mural paintings from c.1500, uncovered and retouched in 1903.

with glue nails but small blown areas were left 
without any new fixation (L. Göthberg, Conser
vation Report, November 1999).

Discussion

Ingrid Hemgren: The paintings were uncovered in 1903 
and heavily restored. The church now gives a dark im
pression. It is very dirty and scheduled for cleaning later in 
1999. The work will probably be performed by Lars 
Göthberg.

Lars Göthberg: The whole church will be quite bright 
after cleaning. It is noticeable that the paintings on the 
vaults are preserved in a better condition than the paint
ings on the walls. A reason for this is that the brick con
struction of the vaults is a better basis for mural paintings 
than the stone walls with their coarse joints allowing 
moisture migration. I plan to test evaporating binders to 
help the conservation work.

Red dots denote areas to be point fixated using Ledan.
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Täby church, Uppland

The church has famous mural paintings by Albertus 
Pictor. The paintings in the vault have never been 
rendered over and have been retained in glowing 
original condition.

c. 1250-1300 Body of the church and porch built.

c. 1450 The church was given a vault.

1480s Mural paintings were executed by Albertus 
Pictor and his atelier. The walls and vault were plas
tered over with a relatively coarse lime mortar that 
follows the contours of the substrate. An additional 
lime-rich layer was added before painting. At Täby 
this layer is relatively thick and has a poor adhesion 
to the plaster - probably because of the difference in 
time between construction of the vault and painting. 
If the paintings in Täby’s vault had been rendered 
over, it would not have been possible to reveal them 
because of the adhesion problem. The binding agent 
in the paintings at Täby is unusually strong and 
withstands cleaning in water (Göthberg, 1996).

c. 1775 The paintings on the walls were rendered 
over. The paintings in the vault were not rendered 
over thanks to the energetic opposition of Count 
F.M. Brahe (N.J. Ekdahl, 1835).

1829 The roof paintings were described. Green and 
brown colours were dominant and the paintings had 
been preserved “very colourfully” (Church invento
ry, 1829).

c. 1922 The paintings in the porch were exposed 
and restored.

1929 In accordance with a proposal from the archi
tect, Sven Brandel, the smoke-stained paintings in 
the vault were cleaned by the conservator, Anton 
Hällström, who also revealed and conserved the 
paintings on the walls and pillars of the interior of 
the church. Plaster up to 10cm. thick was removed 
from the walls of the church. Only a little of the wall

painting could be saved. Of the exposed paintings, 
the “Judas’ kiss” over the north-west window proved 
to be the best preserved. The paintings in the vault 
were cleaned by dry methods, cracks were filled and 
the text of the cartouches intensified. The conserva
tor wrote an unusually comprehensive report. (Häll
ström, 1931).

1960 The paintings were in good condition but 
needed cleaning. (A. Strömberg).

1967 The paintings were cleaned with white bread 
and Absorene, a chemical substance. Old pigments 
secured with lime casein (Sven Dalén, 1968)

1979 Permission for Lars Göthberg to edge-fix the 
most fragile parts.

1993 Conservator Lars Göthberg cleaned and con
served the paintings. After preliminary dry cleaning 
with gomma pane the paintings were cleaned also 
with water, since it was found that they could stand

Detail from Noa’s shame. The artist has first painted the full head, 
then the cap, and the outline of the full head is still to be seen. 
Albertus Pictor and his atelier, 1480s.
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Vault 4, overview, 1480s.



Täby Church. Left: Elias is mocked by two boys and bears eating the boys. Right: Noa’s shame.
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Täby Church. The crossing of the 
Red Sea (detail) During conserva
tion - The whole area has been 
cleaned with gomma pane, the cen 
ter including the front wheel, also 
with water. It is evident that water 
cleaning produces a superior, 
bright surface in this case, 1480s.

The crossing of the Red Sea. Afl 
finished conservation. Note the 
yellow colour of the carriage.
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water. It this way it was possible to remove also the 
thin greyish layer remaining after dry cleaning. 
Loose plaster was fixed with Ledan glue, used as 
glue nails. (L. Göthberg, 1994) Comprehensive tech
nical investigations were carried out. (See the article 
by A.G. Nord and K. Tronner in this book. The arti
cle also contains numerous illustrations from Täby.)

Discussion

Lars Göthberg: In 1967 Sven Dalén and myself cleaned the 
church with gomma pane. In 1993 my firm did the next clean
ing and conservation after consulting with the Danish col
leagues, Peder Böllingtoft and Ida Haslund. We worked with 
sponge and poultice after finding that gomma pane tended to 
damage thin, fragile paint. Some loose plaster was fixed using 
glue “nails”, EDX+KP4 wet-room glue.

Problems in Täby church are that large numbers of candles are 
used frequently and that the church is heated excessively. This

will lead to a renewed need for conservation within few years. 
Each cleaning damages the paintings at least somewhat.

Anders Nord: We found a layer of gypsum, maybe 0,05 mm 
thick, between the plaster and the paint. The gypsum layer is 
so thick and uniform that we believe that it has been applied 
intentionally and is not due to sulphate formation from air 
pollution.

Cecilia Engellau-Gullander: Is it possible that the artist could 
have applied the gypsum just before painting to facilitate the 
paint work?

Anders Nord: Yes, possibly.

Ulf Lindborg: Did you find gypsum in just a few samples or did 
you get a good statistical basis for your conclusion?

Anders Nord: We made about 15 cross sections and always 
found gypsum.

Peder Böllingtoft: There is salt damage in a patch at the east 
wall over the altar and the painting has deteriorated there. Is 
there salt in the building material?

Moses and the rain of manna, 1480s.
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Ostra Ryd Church, Uppland

A richly decorated church in which wall paintings 
form an important part of the whole. The church 
was subject to the patronage of the counts of Brahe.

c. 1430 The church was built with a vault.

The National Antiquary did not want to reveal the 
paintings on the north face of the choir as they would 
interfere with the enjoyment of the pictures that used 
to hang there.

1449 Information exists that the church was “paint- 1950 A conservator uncovered paintings on pillars
ed” in this year. Some mural paintings may have below the organ loft (Sven Dalén, 1951).
been executed (Peringskiöld Mon 2 fol 43).

1480s Johan Kristersson and his wife, 
Brita, had the painter Johannes Iwan em
bellish the walls and vault with mural 
paintings. Paintings in the vault of the 
choir included both their coats of arms.

1835 At the request of the Marshall of the 
Realm, M. Brahe, the National Antiquary 
J.G. Liljegren and N.J. Ekdahl inspected 
the church while repairs were in progress 
in order to put forward proposals for the 
preservation of the relics in the church. On 
inspection a great deal of plaster was 
chipped away and it was discovered that 
the walls were decorated with “water col
our paintings” of biblical characters and 
the vault with foliage and noble arms. Ek
dahl returned later with a pupil and copied 
the most important paintings. A detailed 
description was prepared (N.J. Ekdahl 
1835). The paintings were rendered over 
again the same year.

1924 The artist Vilhelm Pettersson revea
led and conserved the mural paintings in 
the vault of the choir and the sacristy un
der the superintendence of Sven Brandel 
(SvD, 10 August 1924).

Male saint, 1480s.
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1986 Proposed measures for conservation of the ex
tremely dirty mural paintings in the church and expo
sure of paintings in the vault of the nave (Lars Göth- 
berg).

1990 These measures were put into effect.

Discussion

Lars Göthberg: In 1990 we uncovered fragmentary plant or
nament paintings on the vaults of the nave. Big cracks were 
found in the vault and these cracks were filled with plaster. 
There was a very thin plaster from the 19th century over the 
paintings. We did not whitewash the church except for dam
aged areas. Cleaning was done with gomma pane. The cracks 
have not reappeared during the period 1990-1999.

Peder Böllingtoft: I see no problems in Östra Ryd.

Female saint, 1480s.

Choir vault. The arms of count Gustaf Sture and his wife Birgitta Stensdotter Bielke, 1480s.
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