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SHORT GUIDE TO FINAL REPORT 2021

The 2021 Summer School was focused on the extensive documentation
of the wall paintings.

This report is a compilation of all the work the professors, organizers
students and other participants have done in the online part and on site
part of the 2021 Summer School. It is divided into two parts: Volume 1
and Annexes. Volume 1 is a report on all the gathered information of
the site, the church and most importantly wall paintings. The authors are
professors and mentors, all of them conservators-restorers working in
the field of conservation-restoration of wall paintings.

Annexes contain documentation of the wall paintings in the church in a
form of visual glossary, photodocumentation and mapping, all made by
students under the supervision of mentors. Also there is a report on all
the investigations made by Research Department of IPCHS, selected
photodocumentation, gathered lectures and activities of the 2021
Summer School.

Anka Bati¢
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Introduction of the International Summer School

by Anita Klancar Kav¢i¢ and Ajda Mladenovi¢, IPCHS Restoration Center

The International Summer School is intended for professional development of students and
young professionals in the field of conservation-restoration of wall paintings. The aim of the
Summer School is to develop and implement a conservation plan for the preservation of
medieval wall paintings in the church of St. Helen in Gradisce pri Divaéi, Slovenia.
Developing a conservation-restoration project for these wall paintings represents an ideal
case study for the implementation of a rigorous methodological and interdisciplinary
approach in the conservation process, useful both for students and professionals working in
the field of decorated architectural surfaces.

The workshop will run for 3 years, from 2021 to 2023. The on site and online program
includes preliminary analyses, documentation and development of appropriate methodology,
as well as practical conservation-restoration work on the wall paintings in the church of St.
Helen. Parallel to the practical project work, numerous lectures will be given by experts from
various fields.

The project is organized by:

- Institute for the Protection of Cultural Heritage of Slovenia (IPCHS), Restoration Center
and Regional Office Nova Gorica;

- University of Applied Sciences and Arts of Southern Switzerland (SUPSI); Master's
programme in Conservation and Restoration;

- University of Ljubljana, Academy of Fine Arts and Design (ALUO), Department for
Restoration;

- University of Zagreb, Academy of Fine Arts (ALU), Department for Conservation and
Restoration of Works of Art.

The Summer School is intended for students coming from University of Ljubljana, University
of Zagreb, Conservation-restoration master's programme of SUPSI and associated school of
the Swiss Conservation-Restoration Campus, as well as selected young professionals from
the Institute for the Protection of Cultural Heritage of Slovenia (IPCHS). We want to offer
participants a stimulating international environment in which they can develop theoretical
knowledge, methodological discussions, and practical skills and participate in conservation-
restoration of wall paintings.

The activities will be developed gradually over all three years. The students will change each
year, but the organizers will remain the same. Some of the activities and interventions that
will not be carried out within the workshop due to its short duration will be carried out by
IPCHS Restoration Center in the following years.
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In addition to the professional significance of the workshop, its broader socio-cultural aspect
is also important. With the organization of this project, the church of St. Helen in Gradisce
became a meeting point of cultural, professional, international and friendship connections.
The word “connection” has an important meaning in the implementation of this multi-annual
project. It stands for connection and collaboration between different institutions and the local
community, different skills and expertise, cultural and natural heritage, youth and experience,
and last but not least between different European languages and cultures (Slovenian, Italian,
German, French, Croatian, etc.). Thus, the workshop is a great example of coexistence within
our common European space and culture. The organization of the International Summer
School is a great contribution to the Slovenian cultural heritage, to the church itself and to the

wall paintings in it.
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Summer School Activities

by Blaz Seme, UL ALUO Professor

The 2021 Summer school, first of the three planned Summer schools on the topic of
preservation and conservation-restoration of medieval wall paintings in the church of Saint
Helen in Gradis¢e pri Divaca in the years 2021 - 2023, included four weeks of intensive
activities in August 2021. Participating students from Swiss, Croatian, and Slovenian
conservation-restoration schools learned about the topic and successfully performed all the
main measures and procedures necessary for implementation of a comprehensive
conservation-restoration plan for the preservation of the internal wall paintings.

Extensive activities on the Summer school project actually begun several months earlier. The
initiative for the international Summer school was given by the conservator-restorer and
SUPSI lecturer Alberto Felici already in 2019. The actual agreement on the start of the
project was reached at the meeting of IPCHS RC, SUPSI and UL ALUO representatives on
the workshop "The retouching of wall paintings; Methodological approaches, techniques and
materials”, which he led in September 2020 in Ljubljana. A broader organizational team was
formed, which also included partners from the IPCHS Regional Office Nova Gorica, ALU
University of Zagreb and HKB Bern. In the following months, under the leadership of
conservator-restorer Ajda Mladenovié¢, we outlined the implementation of the project,
assigned tasks, took care of financial management, selected students and invited various
experts to participate with online lectures and on site. Good communication with the church
trustee, locals and other stakeholders also needed to be established. We collected the existing
documentation on the church and the paintings. On site we checked the condition of the
paintings, put data loggers to measure relative humidity and temperature (8 months earlier),
took a good photo documentation and performed some preliminary tests. Some students
learned the basics of AutoCad through online instructions. We made a detailed work
program, provided the necessary materials, tools and instruments for documentation, testing,
interventions and treatments, and took care of scaffolding and electricity in the church. An
important part of the project was also the organization of travel and accommodation for
students and other participants. We also organized activities outside the church, such as
lectures and meetings in the conference room in nearby Matavun, a tour of the neighbouring
painted churches, excursions to the cultural and natural sights of the area and informing the
public about the event.

In the first, preparatory week, which took place online (2-6 August 2021), all project partners
were introduced. It was followed by presentation of the site and history of the church, wall
painting monuments of the Karst region and Slovenia as a whole (Marta Bensa, Minka
Osojnik, IPCHS) and techniques and materials of Slovenian wall paintings (Martina Kikelj,
IPCHS).
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The second part of lectures addressed more technical and methodological aspects:

preparation of a basic line graphic documentation for future mapping using AutoCad (Anka
Bati¢, IPCHS), lectures on the methodological and interdisciplinary approach for the
conservation of wall paintings (Alberto Felici, SUPSI), data collection and data management
(Alberto Felici, Giulia Russo, Stefania Luppichini, SUPSI), making of visual glossary (Giulia
Russo, SUPSI), scientific research for the study of wall paintings (Francesca Piqué, Patrizia
Moretti, SUPSI), environmental monitoring and conditions of the church (Katja Kavkler,
IPCHS).

The second and third week (9-20 August 2021) the Summer school work took place on site.
The head of the on site work was Alberto Felici, the main help in organizing the site were the
conservators-restorers of [IPCHS: Anka Bati¢, Marta Bensa, Andrej Jazbec and Anita Kav¢ic
Klancar. Neva Poloski (ALU) presented a case study: Medieval Wall Paintings in the Church
of Saint Mary of Pond in Gologorica; researches and treatments (Neva Poloski, ALU). The
practical work on the wall paintings in the church of Gradisce included: observation,
description and mapping of the painting materials and techniques, former interventions and
decay phenomena (drawings and creation of a visual glossary). Knocking tests (lack of
adhesion assessment), sponge tests (water absorption assessment) and swab tests (cohesion
assessment) were performed. Additional optical investigation techniques were used: UV
light, Dino-Lite, ranking light, which also formed part of the extensive photographic
documentation. In addition, sampling and non-invasive instrumental investigations were
performed (portal XRF and Raman, IR thermography). Finally, we made cleaning and
consolidation trials with different materials. In parallel with wall painting investigations and
documentation in the church, a second team of students compiled a visual glossary and
mapping of the phenomena in AutoCad outside the church. The results of all these activities
are presented in more detail in the report below. During the week, excursions to the
neighboring painted churches (Famlje, Vremski Britof, Dolenja vas) and natural and cultural
sights of the surroundings (Skocjan Caves, Postojna Cave, Lipica, Hrastovlje, Piran) were
organized for relax and entertainment.

Last day on site (8 August 2021) we presented the results of the Summer school to the local
community, representatives of the Ministry of Culture of Slovenia and interested public in the
conference room in Motovun and in the church of Saint Helen in Gradisce. In the fourth
week, the results of the analysis and further steps were discussed online. The focus was on
the final report "Condition assessment of the wall paintings and proposal for a conservation
treatment” and complete documentation on the activities carried out.
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Photo 1: Participants of the 2021 Summer School.
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Historical information of the site and of the wall paintings

by Minka Osojnik, IPCHS Nova Gorica

Gradisce is a small settlement located in the Municipality of Divaca (with 4213 inhabitants)
in the Littoral region of Slovenia, near the Italian border. The seat of the municipality is the
town of Divaga while it’s most important site is undoubtedly the Skocjan Caves - one of the
cave systems in Slovenia, together with the Postojna cave also the most famous. Due to its
exceptional significance the Skocjan Caves was entered on UNESCO’s list of natural and
cultural world heritage sites in 1986, the Regional Park was established in 1996.

With 9 houses and only 16 inhabitants Gradisce is one of the smallest settlements in the
region. Although the density of inhabitants may be small, the richness of immovable cultural
heritage in the village is quite the opposite, for Gradis¢e has as many as 4 units of immovable
heritage that are listed in the Register of Slovene Cultural_Heritage. Those units include the
Church of Saint Hellen, the homestead Gradisc¢e no. 8, the settlement itself and an
archeological site. The name »Gradi$¢e« actually refers to a prehistorical hillfort. Part of the
archeological site is presumed to be a medieval fort located in the northeastern part of the
site, which could be related to the construction of the church of St. Helen — the question
whether the church is built on the site of the former chapel of a castle remains unanswered for
now.

Archeological site Gradisce

Photo 1: Gradisce pri Divaci — Map of the units of immovable heritage that are listed in the Register of Slovene
Cultural_Heritage (source: https://www.gov.si/teme/register-kulturne-dediscine/).

The church of St. Helen is a filial church in the parish of Diva¢a. The absence of regular
religious ceremonies in the past few years and the increasing interest of tourist to visit the
place brought to light the idea of passing the management of the building from the Parish to
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the Municipality of Divaca. The treaty was signed in December 2021 as the first example of
that kind in Slovenia.

The church is a composite historical architecture with a rectangular nave and a presbytery
with a termination forming three sides of a regular octagon, both covered with an uniform
slated roof, with a bell-cote in the fagade and a vestibule before it. The building is 14,63 m
long and 5,54 m wide and is oriented towards east. At the junction with the nave the
presbytery starts with the same width as the nave, towards east it slightly narrows down.

Photo 2: The exterior of the Church of Saint Helen in Gradisce (by: Minka Osojnik).

At its core, the church of St. Helen is an example of early gothic architecture. Based on its
preserved architectural tissue and various methods of building, different authors date the nave
of the church in the early or the late 14th century, or maybe even in the beginning of the 15th
century. By method of building we mean the so called ashlar masonry, where all the stones
are cut and worked, so they have the same shape, size and surface texture. When building a
wall, the ashlar blocks are laid in horizontal courses, or layers. The stones usually have
smooth, parallel faces, and they fit together tightly with very little mortar. This kind of
masonry we see on the nave of the church of St. Helen on the south and the north wall and it
is the typical for early gothic period. In that period the church of St. Helen was smaller and so
was its presbytery which was probably also narrower than the nave. Nevertheless the
georadar investigations carried out in the year 2003 didn‘t show any further information
about foundations of any older structures. The interior of the early gothic church, which had a
rather long but not very tall nave with 3 small windows in the south wall, was probably
decorated with frescoes as well for fragments can be seen in two cases on the south wall of
the nave.

12
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Photo 3: The ashlar masonry on the north wall of the Church of Saint Helen (by: Minka Osojnik).

The wall paintings that we see today were executed around 1490 while the church still had its
early gothic dimensions.

Photo 4 and 5: The interior of the Church of Saint Helen (by: Marta Bensa).

In the middle of the 16th century, a new wider and taller late Gothic presbytery was added,
and thus, accordingly, the walls of the nave had to be elevated as well. The new triumphal
arch was wider as the previous one — its extension ruined most of the frescoes on the east
wall, where quite certainly the Annunciation was depicted. From the 16th and the 17th
centuries there are a several interesting graffiti in the frescoes as well.

As the inscription “1653” on the front portal documents and witnesses, a last major renewal
and upgrade occurred in the middle of the 17th century. This was the period when the

13
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Catholic Church renovation in the region was in full swing — the attacks of the Turkish
Empire were over, so was the black plague, and after a short period of reformation, the
restoration of Catholicism brought a series of bigger and smaller interventions and
renovations in the churches of the region.

It was in that time that the church of St. Helen acquired the appearance it has preserved more
or less unaltered to the present day. New rectangular windows were built in, so was the new
portal with the year 1653 and the inicial A.C. inscribed on it. The presbytery was given a new
ribbed vault, the one-story bell-cote was built on the main facade and the porch supported by
two pillars in front of it. The porch probably had a slated roof like the one we still see in front
of the church in near-by Dolnje Lezece.

On the basis of stylistic comparisons and archival documentation these works were attributed
by Bozidar Premrl — a quite famous researcher of cultural heritage of the region — to the
master mason GaSper Perhavec from Dolnje LeZece and the Cerkvenik brothers, Andrej and
Ivan, who were the masons and stone cutters from Gradi$¢e. (An interesting fact that there
are no stonemason‘s marks on the building maybe suggests that the church was built by local
Stonemasons from the very beginning.)

The church‘s land registers offer some data about the furnishing and the renovations in the
18th century and later. The new altar was raised in 1744 (commissioned by Francisek Ksaver
of the noble Garzarolli family, the vicar of Vreme, whose initials are on the altar), in 1753 the
new stone pavement was laid, the slated roof renovated, the church got a new painted wooden
ceiling.

The wall paintings

The nave is richly decorated with wall paintings which were discovered in the 1950s and
uncovered and restored in 1966-67. Although the author of the wall paintings is unknown,
similarities in style and iconography of other wall paintings found in the Holly Trinity
Church in Hrastovlje, dated to 1490, allow us to make an undoubtable connection with the
painter Johannes from Kastav (Janez iz Kastva). In fact at least one textile pattern connects
the two workshops while the depiction of the Virgin Mary in the Adoration of the Magi is
almost a copy of the painting in Hrastovlje. Most probably the church in Gradis¢e was
painted by one of Janez’s assistants or associates with whom he might have already worked
in Hrastovlje.

The iconographic composition is conventional for a smaller medieval church. On the
triumphal arch one could once admire the Annunciation, which is not preserved (only in two
small fragments).

On the nave’s south wall there are scenes from the Passion of Christ arranged
chronologically in two horizontal strips. The story starts on the right side of the upper part
with the Arrest of Christ (mostly ruined), Christ before Pilate (mostly ruined), Flagellation
(mostly ruined), Crowning with Thorns, Carrying of the Cross (fragment), Jesus is nailed to
the cross (partly destroyed), Crucifixion, then on the far left shifts to the lower strip and
continues to the right with Descent from the Cross, The Entombment (fragment), Christ in

14
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Limbo (damaged), Resurrection, Three Marys at the empty Tomb, Noli Me Tangere, The
Ascension. In the Passion of Gradisce there are three more scenes than in the Passion of

Hrastovlje (Jesus nailed to the Cross, Descent from the Cross, Three Marys at the empty

Tomb).

Orthophoto 6: Frescoes on the south wall of the nave depictig The Passion of Christ (by: Gasper Rutar).

On the west wall most of the frescoes are ruined, as a consequence of the later built-in portal.
On the far right we see Jesus rides into the city of Jerusalem on a donkey, while on the far left
only fragments of the Last supper are preserved.

Orthophoto 7: Frescoes on the west wall of the nave depictig Jesus rides into the city of Jerusalem (by: Gasper
Rutar).
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On the nave’s north wall the Adoration of the Magi is depicted, supplemented by scenes of
people’s daily lives of the period as well as some animal anecdotal motives, such as Ezop’s
fable about the fox and a stork and a pelican feeding his offspring with his own blood. In the
upper part of the painting there are actually two complementary scenes put together: the
Journey and the Adoration. The Journey of the Magi starts with the reduced image of the city
of Jerusalem on the far left and one of the Magi shaking the hand of Herod. The other scene
is partly destroyed because of the later built window — only the Virgin Mary with baby Jesus
are preserved, while the three magi from the Adoration are not. The painter paid special
attention in depicting nobility dressed in their expensive precious garments and purebred
horses. Especially this wall represents a treasure chest for variety of scientists from art
historians, historians, sociologist, ornithologists, etc. Such an example is the scene of the hunt
of the bird called the Northern Bald Ibis (KLAVZAR, Geronticus eremita) which was several
times depicted by medieval painters (also in Hrastovlje), and lived in Istria and in Dalmatia as
quite an ordinary bird, till it‘s extinction in Europe probably by the end of the 17th century.
The cause for the extinction was hunting, mostly by nobility. After almost 400 years in 2006
three birds were spotted on the meadows near Postojna (20 minute drive from Gradisc¢e) and
also it was spotted in Ilirska Bistrica in the year 2021.

Orthophoto 8: Frescoes on the north wall of the nave depictig Adoration of the Magi (By: Gasper Rutar).

An important role in the development of medieval Istrian painting was played by the frescoes
in the Parish church of St. Nicholas in Pazin where the presbytery was painted around 1470
by an anonymous painter, a trained master who was a part of the Jacob Sunter circle, also
known as Austrian Master Leonardo from Brixen. The Pazin painter influenced local painters
like Vincent from Kastav and Janez from Kastav.

The frescoes in Gradis¢e are caught in between the influences of the vernacular art of inner
part of Croatian Istria and the influences of the Italian renaissance coming from the coastal
towns which were under the Venetian Republic.

16
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The renovation of the church

The renovation of the roof’s stone tiles was concluded in 2005. Since 2017 the static load of
the church has been constantly and systemically monitored. In August 2018, the roof was
reconditioned through the installation of a steel reinforcing mesh and bars, while in 2019
windows with a UV protection foil were installed. The complete restoration of the church’s
exterior was concluded in 2021.
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Technique of the wall paintings

By Alberto Felici, Supsi

Scientific investigations and visual inspections indicate that the entire painting cycle was
carried out on large portions of plaster (pontate) using a mixed technique that could be
defined as "a mezzo fresco”, which involves an initial application of buon fresco with
extensive whitewash and secco finishes, using materials and technical procedures
characteristic of this period and geographical area. Through observations with raking light
and direct light, with the aid of UV light and a digital portable microscope, it was possible to
gather a great deal of information, useful for formulating a reasonable hypothesis on the
painting procedures used by the painter.

The masonry is made of a limestone, probably of local origin. It is about 80 centimetres thick.
It is made up of regular and squared blocks of small dimensions that are visible from outside,
in fact all the internal walls, with the exception of a band near the roof, are entirely covered
by the pictorial decorations.

There are several layers of plaster, a rinzaffo to regularise the masonry, the preparatory
arriccio and the intonaco. The arriccio has a variable thickness of around 1 and a half
centimetres and is greyish in colour with rather coarse aggregates. The second plaster is
thinner, around half a centimetre, lighter in colour, apparently richer in binder and with finer
aggregates. The surface of the latter is fairly smooth, but in some places traces of the trowel
with which it was applied are visible.

The plaster was applied from relatively large pontate with square and regular shapes. The
overlap indicates that the plaster was applied from right to left, from top to bottom. It was
first applied on the west wall. One can see how there is a difference between the different
plasters between one pontata and another; even the way they were laid is different and
visible.

On the north wall, intonaco was first applied on the right, where we can see one King and the
Virgin Mary with Child. Then the left-hand part of the scene was applied, bearing cavalry
and other two Kings. Finally, the lower part of the wall was painted with a band of smaller
figures representing hunting, a wild man fighting a bear and a scene from a fable about a fox
and a stork. On the south wall there are scenes from the Passion of Christ in two bands. First
the upper band with the scenes was applied, then the lower band.

The preparatory drawings were used to outline the main contours and were done with red or
yellow ochre applied with a pointed brush.

The snapping cord was used to draw the shape of the frames. The imprint of the cord is
visible where it was used when the plaster was still fresh. Somewhere the snapped cord was
used with a pigment so that traces or small colored drops of pigment are visible.
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Direct incisions are also visible. The rough, sharp edge seems to indicate that the incisions
were made directly on the plaster. While the outlines of the characters were drawn with a
sharp instrument, the circularity of the halos could be achieved with a compass: one can still
sometimes distinguish in the plaster the axis of rotation around which the compass turned.
Direct incisions are mostly used for halos and crowns.

The punzonatura technique - pressing the tools into fresh mortar - also indicates work when
the plaster was still fresh. The details of crowns, halos and horse straps were executed by
punching. This technique is mainly used to imprint different shapes on jewellery, decorations
and clothing. The most representative example is found on the crown of the Virgin Mary on
the north wall.

The painting procedure involves an initial draft of colour that is not very well finished, with
quick, essential, light, watery layers. These represent a first base on which the painter then
applies thicker, denser, more complete and more detailed layers of paint. In the flesh tones
and some of the drapery, this layer has a more complex composition. It is in fact composed of
a ground with a consistent thickness, almost a preparation, made of lime white enriched with
an organic additive. On this preparation, the anatomical and decorative details are executed
with small, precise brushstrokes. This painting technique, known as "a mezzo fresco" or "
lime white", was used to fix the colours by exploiting the carbonation of the lime in this
preparation. The large size of the pontata, in fact, made it impossible to paint on plaster that
was still fresh. This may be to extend the drying time of the paint, as it is about details. It is
certainly also to determine the overall tone of the hue. Finally, the painting was completed
with the final dry finish, a hypothesis that the fluorescence induced by UV light could
confirm. Observation with UV light showed the presence of particular fluorescence in the
details of the frames and in some elements of the painted architecture, the interpretation of
which is still doubtful. This is probably due to a combination of an organic binder and a
pigment that has not yet been precisely characterised. According to the investigations carried
out so far, all pigments are compatible with the "buon fresco™ technique, with the exception
of some traces of lead white, which are thought to be the residues of dry finishes that have
been lost.

Some ornamental motifs are made with the use of a template, according to the technique
defined as stencil. The same motif can be seen repeated in the dress of one of the magi on the
north wall.

In some places, pentimenti indicate that the artist has corrected the painting himself. For
example, on the south wall, one can see a purple drape superimposed on the background
colour.

No traces of metal foil were found.
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State of conservation

By Marta Bensa, IPCHS Nova Gorica

The Institute of Cultural heritage of Slovenia made a report after the inspection of the wall
and wall paintings in the church st. Helen in Gradisce pri Divaca in 2001. The results in the
report were as follows: “The church is in very bad condition. The roof is worn, so there are
water leaks. The constant presence of humidity in the walls and on the interior surfaces is
evidenced by the extensive habitats of algae, which developed mainly in the northwestern
upper corner of the nave. In addition to algae, mold also appears on the surface. Due to
condensation of humidity, the binder of mortars and wall paintings has already deteriorated in
some places. In other places, the plaster detaches from the support, most likely due to the
transport of water-soluble salts. These phenomena cause great damage, especially to valuable
wall paintings, so further deterioration must be prevented by rehabilitating the roof and the
stormwater drainage system, including drainage, which must be installed immediately”. In
October 2001, the contractor started the repair works on the roof covered with slate, namely:
the completely slate roof was dismantled. Waterproofing was carried out, a reinforcing mesh
was laid on it, and everything was protected with a layer of cement mortar. All gutters and
drain pipes were restored. All meteor sewers, including sandpits and the inspection shaft,
have been arranged. An air kinet was made along the north wall of the building. The
following year, however, the stone roofing was re-installed on the church roof. Inside, above
the mural paintings, a damp and weathered plaster was removed.

Nowadays the wall paintings, on first visual inspection, show a lot of signs of decay or
deterioration phenomena due to a lot of humidity present in the past. The main causes of
deterioration are: condensation, rising damp, especially in the lower part of buildings
resulting from the capillary rise of groundwater, soluble salts, infiltration, freeze—thaw cycles.
The binder of mortars and of wall paintings has already deteriorated in some places. On the
wall paintings in different places, the plaster detaches from the support, most likely due to the
transport of water-soluble salts.

The other deterioration phenomena are: a previous biological growth, little amount of flaking,
some longitudinal cracks/fissures especially on the north wall, chalking as well as loss of
cohesion and the generation of very fine particles, lacunae with some missing part of the
surface cavity or hollow space. In some little places there is a white veil, a whitish haze
forming over an architectural surface. We can see also a darkening especially in the upper
area of the North wall, that can be the result of a transformation of an organic binder used
maybe in a past restoration. Minor hairline cracks are visible on the surface. Some areas of
detached parts between painted plaster and support are visible especially in the lower part of
the north wall, near the entrance. There is also a lot of abrasion of the painted surface. In the
lower part of the cycle, especially in the middle part, there are some places where previous
injections with a kind of injection mortar are visible. Here we can see some small holes that
were made to inject the mortar. The major damages of the cycle, especially in the upper part
of the north wall, is in the areas near the windows and in the south and west walls, that have
been already filled and plastered during previous restoration interventions.
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Previous interventions

By Marta Bensa, IPCHS Nova Gorica

The most important available documentations about previous restoration interventions
implement between the years 1955 and 1979. In these years the frescoes are discovered, and a
uncovering campaign begins. In the journal of Monument Protection (Varstvo spomenikov),
n. VI of 1955-57, Ljubljana, at p. 73, about the Church of St. Helen in Gradisce pri Divaci,
the art historian M. Zadnikar wrote this: “Under the plaster (lime plaster applied in the past)
on the north inner wall of the nave is painted the March of the Magi, on the south wall the
Passion scene, and the west wall is also painted. The paintings can undoubtedly be attributed
to the circle of the painter Janez from Kastua, the period towards the end of the 15th century.
There are no traces of paintings in the later vaulted presbytery. Since it is a valuable addition
and an almost completely preserved scene of the tribute, it would be advisable to uncover the
paintings to the end and to completely reconstruct the interior by opening the former Gothic
windows and lowering the ceiling to the original Gothic height”.

In the manuscript of Restoration Diary of the Institute of cultural heritage of regional office
of Nova Gorica, n. 12, p. 75-78, in the august 1966, it is written this: “The frescoes,
discovered as early as 1965 (by the restorer France Kokalj) and further discovered in August
1966, covered all the walls of the nave. Today, part of these frescoes have been destroyed
because windows have been opened in the North and South walls, furthermore by the
construction of a new presbytery and the heavy infiltration of water in the west wall, to the
right of the door.” In the Report of the state of conservation of the frescoes in Gradisc¢e pri
Divaca, Franc Kokalj, Ljubljana, august 22, 1966, wrote the following: “In accordance with
the Institute's annual plan, we also discovered the north wall of the nave in GradiS¢e near
Divaca. We also partially uncovered the south wall, but not completely, only to the extent that
we could see what the frescoes on the south wall represent. Among other things, we also
excavated a Gothic painted window on the south wall, which is very poorly preserved, and it
is imperative that the frescoes in the window niche are preserved soon. The March of the
Three Kings is almost entirely preserved, with the exception of Herod's head and some details
in the lower part of the fresco. The entrance wall is poorly preserved, there is almost no
fresco on the south side of the door, and on the north side is part of the scene of Jesus riding
to the Temple. The paint layer is in very good condition, and only minor conservation
intervention would be required to preserve the entire composition. The roof is leaking slightly
in some places, and would be repaired by a new pastor.” In the journal of Monument
Protection (VS, n. X), Ivan Komelj, 1966, p. 42 and p. 222 wrote: “Gradisce pri Divaci,
discovery and consolidation of the wall paintings in the nave. The ZVKDS Nova Gorica has
extensively documented the frescoes (c. 15th century) from the circle of Vincent of Kastav.
Frescoes were discovered on the north and south wall.” The same year, in the journal of
Monument Protection (VS, n. XI), Franc Kokalj, 1966, p. 144 wrote: “The walls are very
well preserved, disturbed only by baroque windows; shepherds and servants with domestic
animals are lined up below the march. The Passion on the south wall is badly preserved, some
panels almost completely destroyed. We also opened a painted Gothic window. The frescoes
await their final restoration and presentation.” In the Journal of Monument Protection
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(VS, n. XII), 1967, p. 116, the report says the following : “The rigth wall was finally
discovered, but some scenes are only still in fragments. We also discovered side gothic
windows. The scenes continue into the window niches. The upper scenes between the
windows are almost completely destroyed, probably since the enlargement of the church. The
rough plaster was already worn out due to the weak binder, and we removed it where there
were no frescoes, we partially consolidated it where there are still, and we will finally finish it
next year.” The last report dates back 1979, when Franc Kokalj in the Journal of the
Monument Protection (VS, n. XXII), 1979, p. 352 wrote this: “On 1976, experts from the
restoration center consolidated the detached medieval frescoes. After the consolidation works
on the frescoes, new windows should be made, a crumbling shed restored, and a slate roof
repaired. There was no money anywhere for these works.”

Sources and literature

Marijan ZADNIKAR, Gradis¢e pri divaci, p. c. sv. Helene, Varstvo Spomenikov VI,
Ljubljana 1955-57, str. 73.

Franc KOKALJ, Gradisce pri divaci, p. c. sv. Helene, Restavratorski dnevnik, ZVKDS Nova
Gorica, rokopis §t. 12, Kras, avgust 1966, str. 75-78.

Franc KOKALJ, Porocilo o odkrivanju fresk v Gradis¢u pri Divaci, tiskopis, Ljubljana
22.8.1966.

Ivan KOMELJ, Gradisce pri Divaci, p. c., odkrivanje in utrjevanje stenskih slik v ladji,
Varstvo Spomenikov X, Ljubljana 1966, str. 42, 222.
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Investigation and documenting

By Marta Bensa, Alberto Felici and Anka Batic¢

Previous investigations

Between 2003-2005 a lot of investigations was carried out in the church of st. Helen in
Gradisce, in view of a restoration project that never took place. Executed non-invasive
analyses: georadar, architectural images, thermovision microclimatic monitoring (sept. 2004
— mar. 2005), algae type. Executed invasive analyses: optical microscopy (stratigraphy) on
extracted samples (total samples 23, not all analysed) - FTIR on 9 samples — SEM/EDS
(mapping, point analysis).

The georadar established that the church is located on a karstic limestone base, which was
leveled with a backfill before construction. The shallow, uneven geological base is nicely
visible on all the radar profiles inside the church. Below this geomorphological boundary,
which is located at a depth of about 0.5 to 0.8 m, we get reflections from the horizontal layers
which actually mean reflections from the limestone layer. Above this limit, however, we see
bar reflections from the horizontal layers resulting from the levelling backfill. It is clear that
the uneven Karstic limestone base with smaller depressions was leveled by backfilling.

The microclimatic monitoring which was carried out from September 2004 to March 2005
shows that the relative humidity is most of the time above 50 % (second line from below),
half of the time above 70 %, reaching up to 100 %. Surprisingly the inner wall temperature
was always higher than the air inside the church — no condensation took place. Is this due to
specific thermal properties of the walls, which could be changed by injecting consolidant?

In 2003 thermography was carried out by the terming company in Ljubljana: the purpose of
the investigation was to determine the cracks and the detachment of the pictorial layers and
the underlying mortar plaster. Instead of the classical determination of the extent of damage
by knocking and visual observation, termography was used as a non-destructive method.

The Biotechnical faculty in Ljubljana, performed the necessary analyses of samples of
microorganisms and algae taken on 9 august 2001 and the results was the presence of:
Trentephilia sp., Pleurococcus sp., Oscilatoria sp.

The important stratigraphic analysis was caried out in 2005. The use of scanning electron
microscopy / energy dispersive x-ray spectroscopy (SEM/EDS) shows that the majority of the
binder is made up of calcium carbonate; there is also the presence of magnesium which can
indicate that magnesium lime was used, which is common in this area.The SEM/EDS
analysis carried out on a point of the surface of the samples indicates a high presence of
gypsum. So, gypsum concentrates only on the surface and is not present in the inner layers.

The static official of IPCHS Maribor inspected the church and write a static relationship on
10. 5. 2017. The purpose of the visit was to determine the general construction condition of
the building. The findings of the tour are: the walls of the nave are built of crushed and
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worked stone of local origin, as is the bell tower. There are no large cracks on the walls that
would endanger the stability of the building, but they are visible in the area of the entrance.
The ceiling of the nave is flat, made of wood and then plastered. The ceiling of the presbytery
is vaulted, lying on stone ribs. The arches are without cracks and no major deformations are
observed. The vault of the triumphal arch is in stone and no major deformations are observed.
The nave's roof structure is a reinforced cement and is relatively new and well preserved.
This construction is inappropriate, as its weight presses on the outer walls, so there are cracks
in the walls. The roof is made of slate-stone and is in relatively good condition. Conclusion:
the condition of the building is stable, although the west and south walls of the nave are
deformed. The peak of deformations is most likely in the reduction of the bond strength of
the stone wall mortar and the increased load due to the concrete roof construction. Given that
there are no built-in cross ties in the ship, it would make sense to install them (they would be
anchored in the concrete structure and not in the walls).

Investigation done by professors and students

As a part of 2021 Summer School we conducted a number of non-invasive analyses where
we roughly assessed the state of the wall paintings, presence of biological growth and salts,
cohesion of mortars and paint layers which included: observation under portable digital
microscope (Dino-lite), observation under UV light, observation under raking light,
determining lack of adhesion with “knocking test”, absorption of water with “sponge test”
and cohesion assessment with “swab test”.

1. Observation under portable microscope

Some parts of the wall painting we observed with portable digital microscope (Dino-lite)
especially when certain questions arose: for example presence of certain pigments (azurite),
decohesion of layers, pentimenti, preparatory drawing, biological growth, ... The
photographs were also made and are stored on MS Teams/General/Investigations/Portable
microscope/Walls.

Photos 9 and 10 : Decohesion of intonaco (left) and biological growth on the outside of the church
(right) (by: Suzana Damiani).
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2. Observation under UV light

We also used UV light as an illumination tool and we came up with some very interesting
results about binders of the wall painting and residues on the surface. To capture and

document them we used Fluocam UV/White lamp and camera, Bresciani art. 78131. The
photographs are stored on MS Teams/General/Investigation/Multispectral imaging/Walls.

Photos 11: The same area photographed uner visible an UV light. Under UV light an animal is seen (by:
Marko Odic).

3. Observation under raking light

Observing and photographing the surface of the wall painting was crucial for the evaluation
of the condition of the painting and used technique. We used a different angle of the
lightening (a raking light) to observe cracks, flakes, bulges, salt crusts, brush strokes and
secco finishings, infillings, etc.
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Photo 12: Photograph with the raking light (by: Andrej Jazbec).

4. Lack of adhesion with “knocking test”

“To assess the state of adhesion — stability of the mortars underneath the painting — we
decided to perform the “knocking test”. We went along the wall, lightly knocking on the
different parts of the wall and listened for anomalies of the sound, which informed us of
difference in adhesion of underlying mortars. The test showed that the state of mortar
adhesion is not as good as it seemed to the “naked eye”. The most unstable areas could be
found near the floor of all walls and near the corners, where there are the contacts between
different mortar layers. In these areas the immediate conservation intervention is needed.”
The test was performed by professor and two students with extreme carefulness.

Photo 13: Lack of adhesion (mild as blue areas and severe as red areas) in South wall (Mapping:
Anka Bati¢, Melissa Cannizzo, other students).

! Katarina Bartolj, Summer School Gradis¢e — Report, August 2021.
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5. Absorbtion of water with sponge test

“We were very interested to find out the water absorption potential of the walls. This
characteristic is very much connected to the porosity, pore size and distribution, adhesion of
the plaster of wall structure, ... This data can give us very significant information, that need
to be considered, when we will perform cleaning and other conservation-restoration
procedures. This data is quite hard to measure, because it is very dependent on the condition
of the wall structure, temperature, air humidity, etc. but we can get the general idea, by
performing this non-invasive test.

We performed the “sponge test” on site. For this purpose we used the Contact sponge kit
(CTS srl.). We wetted the sponge with water, weighted it and then pressed it to the surface of
the wall. After one minute we took it away and weighted it again. We observed the difference
in weight of the sponge. The difference is the final result and the measurement we were after.
We compared the final measurements to each other to get the general picture of the
absorption state of the wall.

The results showed that the south wall absorbed the highest amount of water, but not
significantly more than northern wall. The least amount of water was absorbed by the western
wall, at some parts there was even no water absorbed. The test also showed, that the higher
the measurement point is up the wall, more water is absorbed. Interesting results gets us also
the comparison of the “sponge test” results to the “adhesion assessment test” results. We can
quite clearly see the connection between the state of adhesion and absorption potential. As a
general rule we could state, that where is severe lack of adhesion of wall structure, the water
absorption potential is also quite high. Our results confirm this thesis.”®

Photos 14 and 15: Sponge test on the North wall (by: students of Summer School).

2 Lecture notes on Mineralogy in conservation/restoration course.
3 Katarina Bartolj, Summer School Gradis¢e — Report, August 2021.
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4. Cohesion assessment with “swab test”

Cohesion assessment of the paint layer was carried out by swab test — carefully rinsing the
surface with a cotton swab wetted with distilled water. We divided into groups and examined
the cohesion of all different colours on North, West and South wall. This way we determined
the stability of the painting for the following trials and possible necessity for pre-
consolidation process.

“On most swabs we could find yellow or brown impurities, regardless of the colour area and
position on the wall we were testing. General results showed that the most impurities were
washed off on the southern wall. There was also the most noticeable difference between
tested and untested surface. On northern wall, there were impurities detected on the cotton
swabs, but there was very little noticeable difference on the surface of the wall before and
after the testing with distilled water. On the western wall there was a visible difference, but
not as strong as on the southern wall.”

The colours that were more sensitive were: some violet and red especially on the north wall,
also some green. Some lack of adhesion was present on the paint layers that were thicker with
a large quantity of pigment. The overall assessment was that the paint layer is stable enough
for cleaning trials with water and ammonium carbonate/ammonium bicarbonate.

Documenting

Documenting process was carried out all through on site and online part of Summer School.
With on site part of the Summer School we were focused on photographing and examining
with other instruments. Students drew their findings about painting technique, deterioration
phenomena and previous interventions on printed orthophotos® and then in AutoCad
programm (the online part of the Summer School). They also worked on Visual Glossary
where they put their findings about the wall paintings.

Documentation of Summer School consists of:
1. File tree

2. Glossary

3. Mapping

4. Photodocumentation

All documentation documents are found in the Annexes of the Report.

# Katarina Bartolj, Summer School Gradi§¢e — Report, August 2021.
® Porotilo o izvedenem 3D dokumentiranju poslikav v cerkvi sv. Helene v Gradis¢u pri Divaci, Gasper Rutar,
univ. dipl. arheolog, maj 2021.
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Practical activities: Cleaning and consolidation trials

By Anka Bati¢, IPCHS Restoration center

After cohesion assessment tests on the paint layers and mortars we started working on
cleaning trials. The intention of these trials was to find a right methodology to remove the
residues of calcium sulfate (gypsum)® and other residues (salts’, dirt) on the surface of the
wall painting as well as whitewash residues.

Cleaning with water

Firstly we divided four areas of wall painting to execute our trials: a part of the painting on
the South wall (S1), two parts of North wall (N1 and N2) and a part of West wall (W1). Then
we cleaned these areas carefully with distilled water, brush and sponge through japanese
paper.® The visual examination of this process proved that we did not remove any of the paint
layer, just the residues of dirt, spider webs and surface dust.

Student Katarina Bartolj wrote about the effect of the water cleaning: “The water cleaning
had an interesting effect on the West wall and North wall. Right after the application of water
the colours became very vibrant and visible. Around ten minutes after, on some spots
appeared white veil, which was very visible and almost overpowered and concealed
underlying colours. We left the paintings to dry overnight and then checked the state of the
white veil the next day. The veil appeared to be more translucent and less visible, but still
more noticeable than before water cleaning. Even though the appearance of white veil on
both areas was caused by application of water, it is possible that there is a difference in
chemical structure between veils on different areas.

When compared to each other, veils appeared to differ in thickness, gloss and over all general
appearance. During the tests it was concluded, it is possible, that the white veil on W1 area
could be a result of previous deposit of consolidant (Calaton), on area NW?2 it is more likely
to be due to sulfation or are simply limewash residues.”®

& Gradis¢e pri Divagi, Church of St. Helen (ESD 1565) Non-invasive analysses, Ljubljana, August 2021.

7 Gradisée pri Divagi, Cerkev svete Helene (ESD 1565) Porogilo naravoslovnih raziskav, Ivo Nemec, Ljubljana,
2010.

8 We used brush to connect japanese paper to the surface, firstly we cleaned with sponges through the japanese
paper (roughly five times) and then removed the japanese paper and cleaned the surface directly.

% Katarina Bartolj, Summer School Gradis¢e — Report, August 2021.
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Cleaning with ammonium carbonate, ammonium bicarbonate and anionic exchange
resin

We started the cleaning trials on Area S1 by applying ammonium bicarbonate through two
layers of japanese paper. We applied the 20% solution of ammonium bicarbonate with brush
until saturation (approximatly 10 min, 4 — 7 applications). Then we used distilled water and
sponge to rinse the surface, firstly through japanese paper and than directly on the surface.
We did this on all the chosen areas.

Since the application of the 20 % solution of ammonium bicarbonate did not result in any
kind of damage to the wall painting and proved (visually) to clean the surface, we continued
with the trials and applied ammonium bicarbonate mixed in a poultice.X® The intention was to
compare the results with different methods of application of ammonium bicarbonate and also
contact time with the surface. We applied it on two layers of japanese paper and removed it
after half an hour. For cleaning the treated surface we used distilled water and sponge. We
continued the trials with applying ammonium carbonate the same way as ammonium
bicarbonate: one trial with brush and one with poultice through two layers of japanese paper.
We tried this method because we wanted to see if there will be any difference on the surface
because of the different pH of the cleaning agent.

We also applied anion exchange resin (CTS OH strong) on wall painting (area S1) through
japanese paper. The contact time was half an hour and we removed it with distilled water and
sponges. We chose to do this trial in case the secco finishings (with possible organic binder?)
on the wall painting are in any way susceptible to cleaning with ammonium carbonate or
bicarbonate.

Photo 16: Area S1 (by: Anka Bati¢, Melissa Cannizzo, other studetns)

10 poultice was made by mixing the solution with supporting agent: cellulose Arbocel 40 and Technocel 200
(ratio 1:1).
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Cleaning with ammonium carbonate
Cleaning with deionized water - japanese paper
o o
X ey
\Q \\k Cleaning with ammonium carbonate
Cleaning with anionic resin o o poultice
Cleaning with ammonium bicarbonate

- poultice with sepiolit

Cleaning with ammonium bicarbonate

- poultice

The results of the cleaning trial

1. The cleaning of the surface with distilled water beforehand proves to be unproblematic for
the paint layer. It can cause whitening on some parts (mainly west and north wall) probably
due to residue of a consolidant.

3. The cleaning process has better results when the cleaning agent is used in a poultice with a
longer contact time (40 minutes).

4. “There were some problems on the north wall when cleaning with ammonium bicarbonate:
there appeared a white veil almost instanteniously when applied by brush and by poultice. It
was extremely visible and quite thick, but fragile. While still wet, we decided to try different
removal methods — mechanical and chemical. We got good results with the usage of rubber
and trimmed brush. As a chemical removal agent we used 5 % solution of triammonium
citrate (TAC) in water and hot water. Both cleaning agents were working, but the best
removal results we got with the TAC. After the removal of the veil, the surface seemed
cleaned and the colours more vibrant.

This also appeared in proximately the same area after cleaning with ammonium carbonate.
We also used TAC to remove the white veil.”!

5. After examining the cleaned surfaces under UV light we spotted a difference in treated and
untreated surface with ammonium bicarbonate in a poultice. The untreated surface reflects in
a orange-ish colour meanwhile the treated surface does not. The difference is striking but it
does not appear elsewhere.

6. “On the upper side of the area N1, there is unidentified grey/black-ish stain. Neither of the
previous treatments did succeed in removing the stain. The ammonium carbonate with
exposure time up to 40 min did remove the stain. The stain can be removed with mechanical
action after the treatment. Possible future problem is, that the carbonate solution also
influences the underlying colours, especially red, green and blue/black colour parts. These

1 Katarina Bartolj, Summer School Gradi$¢e — Report, August 2021.
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became very sensitive after the treatment and could be rubbed off the surface, when we are
removing the stain with mechanical methods.”*?

7. The thicker whitewash residues can be removed after the treatment with ammonium
carbonate/ammonium bicarbonate mechanically using scalpel.

Mt Foo R Y
After cleaning with distilled water and sponges Poulticing with ammonium bicarbonate.
(Area S1).

After removal of a poultic
visible and vibrant.

e the colours are more ~ Some whitening after the removal of poultice
— it can be removed mechanically or with

triammonium citrate.
Photos 17 - 20 by Anka Batic.

12 Katarina Bartolj, Summer School Gradis¢e — Report, August 2021.
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Consolidation trials

As a consolidant material we tried barrium hydroxide, as it has proved to be an effecitve
anorganic consolidant as well as a part of de-sulfating process combined with treatment with
ammonium bicarbonate. We applied a 10% solution in a poultice throught two layers of
japanese paper. The contact time was 4 hours. We removed it with distilled water and
sponges. The trial was carried out on the surface of South wall (S1), partly treated beforehand
with ammonium bicarbonate and partly untreated. It is useful to see (after some time) if there
is a difference between treatment with ammonium bicarbonate (as a desulfation process) and
without it. There were samples taken.

Results of the consolidation trials

The surface looked stable and colours vibrant after the treatment, there was no visible sign of
negative alterations on the surface even after 3 months.
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Diagnostic investigations

By Katja Kavkler, IPCHS Restoration center

Diagnostic investigations in Church of St. Helen in Gradi$¢e pri Divaéi (ESD 1566) started
before 2021 Summer School and are still in progress (microclimatic measurements), when
writing this report. Investigations can be divided into several groups: on site investigations
and laboratory investigations, material characterisation, state of preservation monitoring,
cleaning and consolidation efficiency analyses as well as microclimatic monitoring.
Additionally, past analyses, carried out between 2003 and 2010, were studied and repeated or
additionally carried out if new information was required for selected samples.

To obtain as much of the above mentioned information as possible, several non-invasive as
well as micro-invasive methods were applied: on site microclimatic monitoring using data
loggers, thermography, on site Raman and XRF non-invasive analyses, whereas on extracted
micro samples optical and scanning electron microscopies as well as infrared (FTIR) and
Raman spectroscopies.

Microclimatic conditions are (still) measured in four positions — on each wall. The
measurements can be compared to environmental monitoring at nearby Park Skocjanske
Jame. Measurements show that conditions vary only slightly in different parts of the church.
The highest temperatures are, as expected, on the southern wall. They vary considerably more
than on other sides of the church, on daily basis as well as within longer time periods.
Temperature fluctuations can affect different materials, especially by changing volume of the
objects (for composed objects this is especially endangering, since various materials respond
differently to heat changes). Temperatures have also great influence on relative humidity
(RH).

The RH never reached 100% but came close several times, especially in winter months.
Humidity fluctuations in the church follow temperature fluctuations — after raising
temperature, RH drops — and are slightly more intensive on southern side of the church.
Comparing our measurements with weather reports, we can say that external conditions have
important influence to RH within the church. Most of the time RH in the church exceeded
68%: 77% of time on southern wall and even 90% of time on northern wall. Such conditions
are favourable for microbial growth, metal corrosion and salt efflorescence on walls. As
observed by example from beginning of June, opening of the church on warm and dry days
can substantially lower the RH in the church. This should be a recommendation for locals
taking care of the church. Should passive airing not help, active mechanical ventilation or
wall heating should be considered.

IR thermography was carried out on parts of the southern and northern walls. Preliminary
thermographic analyses do not show colder walls close to the ground, which would suggest
capillary water rising from the floor. Larger areas of blistering were observed by this method,
as well as position of stones and mortars under paint layers.
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Plaster is made from calcite binder with silicate aggregate. No soluble salts were observed in
plaster.

Pigment analyses were carried out on site as well as on extracted samples, in both cases with
Raman spectrometers. Following pigments were detected in the painting: haematite (possibly
in some areas caput mortuum), goethite, green earths, magnetite, carbon black and quartz,
maybe also vermilion. Additionally, XRF analyses revealed presence of copper on dark green
garment of Wise Man on the white horse, possibly revealing presence of malachite. Calcite
was detected in all analysed samples, as expected, since painting technique is fresco. An
unidentified material occurs in Raman spectra (both on site and cross-sections) at 1049 cm™.

Additional pigment analyses were carried out on extracted micro-samples, where each
different pigment grain can be analysed. Additionally to non-invasive analyses, kaolinite was
identified and vermilion confirmed, laying over haematite layer.

Different degradation products were observed on paintings. Gypsum salt was observed on
site spectra on most of the analysed surface areas on both, southern and northern wall.
Interestingly, it was observed only in few micro-samples with Raman spectroscopy. SEM
EDS analyses on micro sample cross-sections revealed that it is present in untreated samples,
mainly on northern wall, in thin surface layer, whereas from on site analyses it seems that
there is more gypsum on southern wall, which is not very probable.

Beside gypsum salts, also nitrates were observed in some analysed samples as well as sodium
chloride.

Relatively scarce presence of calcium oxalates suggests that despite high RH values,
biodegradation is not widespread on paintings.

Organic materials were analysed by FTIR spectroscopy in selected micro-samples. Two
surface stains were analysed. In one wax was identified with certainty, however the other
shows presence of carboxylates which hints to presence of organic materials, containing
carboxylic acids (wax, resin or oil). In some analysed samples, presence of either proteins or
calcium oxalates were identified. To specify the results, immunofluorescence microscopy
was performed at IPCHS Research institute for ovalbumin on three samples, extracted in
2003. Analysis confirmed presence of proteins in two samples (GDC 4 and 5), but not on the
third one (GDC 10). Samples with ovalbumin were both extracted from green areas and show
presence of proteins in plaster layers and in paint layers. It is not clear, whether this was due
to consolidation or original material.

Interesting features are (mainly) black surfaces, which under UV light fluoresce orange. The
orange fluorescence is visible not only with naked eye, but also in cross-sections under the
microscope. It seems that there is a fluorescent binder, which connects black particles, but
could be also remnants of a coating layer. FTIR spectra of the sample did not give a
conclusive information about the fluorescent material.

Beside material identification, aim of the analyses was to support observations from cleaning
tests and asses the efficiency of the consolidation trials. Cohesion assessment was observed
on selected cotton swabs. On the analysed swabs, mainly calcite and salts were present.
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Although some of them were coloured and single pigment particles were observed, no
pigments could be identified by FTIR spectroscopy.

Cleaning tests were evaluated on white frame on southern wall. Area cleaned with pure
water and the one cleaned with barium hydroxide did not reveal presence of gypsum.
Untreated sample revealed only some aggregates and in the area treated by ammonium
bicarbonate and barium hydroxide with poultice thin surface layer of sulphate salts (probably
gypsum) was observed. Research on single samples without parallels cannot always be
regarded as reliable. Since in cross sections more gypsum was observed on northern wall, a
comparison of the same group of treatments would be interesting.

Due to properties of different consolidants, only the samples treated with barium hydroxide
could be monitored for depth of penetration. The SEM EDS mapping revealed that barium
remained mainly in the surface layers of the paint (it penetrated to approx. 50 um depths),
however in more porous areas (possibly cracks) it penetrated deeper, up to 200 pm.

From the above results, we can conclude that analyses revealed information about material
composition and presence of degradation products. However, not all questions were
satisfactory answered so far.
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Proposal for the intervention

By Alberto Felici, Marta Bensa, Anka Bati¢

No need for preconsolidation

There are some areas (reds, violet, green) where paint layer is unstable — as shown during
trials for lack of adhesion. On this areas a conservator-restorer should be careful with the next
processes (using a sheet of japanese paper, observing the surface while cleaning, etc.).

First cleaning

The surface of the wall painting should be cleaned beforehand to remove dirt, spider webs
and other residues dusting with soft brushes. The first cleaning is carried out with deionized
water trough japanese paper. The application of japanese paper is done with brush and
deionized water, the cleaning with sponges: firstly through japanese paper and then directly
on the surface (if the paint layer is stable).

There is a need for two sheets of japanese paper where there is a lack of cohesion of the paint
layer.

Final cleaning

There is a small presence of salts on the surface (See the Report on investigations by Katja
Kavkler) so the main aim of the cleaning is decontamination, the removal of previous aged
fixatives, coatings and other residues on the surface. There are two options for this procedure:

First option: Ammonium bicarbonate

Saturated solution of ammonium carbonate (25 % solution) is applied by brush through two
sheets of japanese paper. The areas of application are small, for example 20 x 20 cm and
following the shape of the painting. For the cleaning 2 or 3 applications by brush are needed
in a 10 — 20 minutes interval — depending on the absorption of water.

If there are some areas where coatings and residues are largely deposited, repetition of the
process with brush is needed or application of the saturated solution of ammonium
bicarbonate with supporting agent - poultice ( Arbocel or a mixture of Arbocel and Sepiolit in
porpotion 1:1). After described application of ammonium bicarbonate, the surface is rinsed
with deionized water using soft sponges.

Where the poultice is used, it is required to apply a sheet of japenese paper with deionized
water after the cleaning — to allow absorption of some additional substances coming from
the mortar of the wall painting during the drying. It needs to be left on the surface until next
day.
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Second option: Anionic exchange resins

The anionic resins as a poultice can be used for the removal of old fixatives, dirt and other
residues on the surface. It is applied by brush, left for half an hour and then cleaned using
sponge and deionized water. One should be careful with not leaving the residues of resins on
the surface.'®

For the wall paintings in Gradis¢e the First option is regarded as favorable.

Consolidation

The paint layer is quite stable with certain exceptions. The consolidation of the paint layer is
needed but in a smaller extent. Also the presence of sulfation is very weak but still there are
some areas especially on the Northern wall where there are more deposits. These areas have
to be determined before procedure. For the consolidation process there are more options;

Nano-lime for example NanoRestore

Application is done by brush through japanese paper in several repetitions.

Barium hydroxide

Application of 10 % of barium hydroxide is done with supporting agent Arbocel applied on
one sheet of japanese paper and contact time from 2 hours to 3 hours. After two weeks a
cleaning with deionized water is needed.

The presence of the magnesium hydroxide should be investigated so it can be determined if
the process is appropriate for these paintings.

CFW (“Consolidant formulation Water”)

There are some new consolidants available on the market in Slovenia, such as CFW made by
Slovenian National Institute Building and and Civil Engineering Institute in Ljubljana.'* It
can be used for trial versions. It is a solution applied by brush through japanese paper.

Combination

Combinations of the consolidants is also possible such as consolidating with nano-lime and
Barium hydroxide.

13 The UV light can be used after cleaning to check for them, they reflect differently.
14 1t was made during EU Project HEROMAT.
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The lack of adhesion of mortars

There are some areas where the adhesion of mortars is compromised. Some parts are in
cricial conditions reflecting in losses. The intervention is needed in that areas with
stabilization with injection grout, for example Ledan TB1, Calxnova.

Before the beginning of the 2022 Summer School some areas must be cleaned beforehand so
the students can try the consolidation procedure, some ares must be left untreated so the
students can try the cleaning processes. The areas and processes will be determined after the
selection of students as it depends on their experiences.

The focus of the workshop Consolidation of wall paintings — Gradisce 2022, which be held in
fall 2022, is consolidation therefore the wall paintings should be cleaned and decohesion of
mortars stabilized before the start.
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2022 Summer School: Draft of the next activities

By Summer School organizers

Activities and general program
The Summer School will offer on site activities and online lessons:

- lectures on the methodological and interdisciplinary approach for the conservation of
wall paintings and on intervention techniques;

- direct experience and work on site;

- visits on site to see other wall paintings of the area comparable in age and character to
the wall paintings of church of St. Helen and, if possible, other conservation-restoration
projects;

- presentation of the work carried out to the local population in order to share the
significance of the site and the steps to be taken to guarantee its preservation.

2022 Summer School will be presented over three weeks:
First week: 3 days, 31. 8. 2022 — 2. 9. 2022 online lectures.
Second week: 5 days, 5. 9. 2022 — 9. 9. 2022, on site work, cleaning and consolidation.

Third week: online work, 3 days, 12. 9. 2022 — 14. 9. 2022 online, working on summaries and
final report.

Aim of the 2022 Summer School

The main objective of 2022 Summer School is to assess and document the conservation
condition of the wall paintings, understand what has been done so far, carry out cleaning and
consolidation work, and write a report on the activities carried out.

1. Preparatory week online 315 of August — 2" of September 2022

General presentation of the partners, participants and organizers:

presentation of IPCHS (Martina Kikelj, Anita Kav¢i¢ Klancar); presentation of SUPSI
(Giacinta Jean); presentation of ALUO (Blaz Seme); presentation of ALU Zagreb (Suzana
Damiani).
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Presentation and introduction about the site and history of the church / Slovenian wall
paintings/ Wall painting monuments of the Karst region (Marta Bensa, Minka Osojnik,
Andrej Jazbec, IPCHS NG);

Techniques and materials of Slovenian wall paintings (Martina Kikelj, Anita Kav¢i¢ Klancar,
IPCHS RC);

Lectures on the methodological and interdisciplinary approach for the conservation of wall
paintings (Alberto Felici, SUPSI);

Data collection and data management (Stefania Luppichini, SUPSI);
Visual glossary (Giulia Russo, SUPSI)

Scientific investigation for the study of wall paintings (Francesca Piqué, Patrizia Moretti,
SUPSI)

Scientific investigation carried out in Gradisc¢e (Katja Kavkler, IPCHS RC);

Illustration of the work already carried out on the church's wall paintings (Anka Batic, IPCHS
RC);

Results of 2021 Summer School: Students’ work Katarina Bartolj (MA student, UL ALUO)

Participants of the workshop "The Consolidation of Wall Paintings' organised by IPCHS,
which will take place in the church from the 3rd to the 7th October 2022, will also be present
for the online activities.

2. Work on site: 5" of September 2022 — 9" of September 2022

Activities:

Presentations held by the professors (evening hours) Neva Poloski — Case Study: Medieval
Wall Paintings in the Church of St. Mary of Pond in Gologorica; Researches and treatments;

Discussion about previous analytical investigations;

Observation of the technical aspects and materials, former interventions, and decay
phenomena of the wall paintings;

Practical work on site;

Writing the draft of a final assessment report for the conservation-restoration of the wall
paintings. The final report will be concluded the week after the end of the work on site.

Presentation of the work carried out during the Summer School to the officers of the Ministry
of Culture of Slovenia.

3. Follow-up week 12t of September 2022 — 14™ of September 2022 (online)

Discussion of analytical results and further steps to be taken;
Writing up the final report and complete documentation of the activities carried out.
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Abstract

In this report |1 sum up our work on site in the Church of Saint Helen in Gradi$¢e pri Divaéi during
2021 Summer school. First, | explain, what we learnt about paintings, their creation technique, used
materials and special treats. Next, there is my observation of the current state of the conservation of
wall paintings. In the last part of the report there can be found descriptions of tests we performed and
results we got during testing. In comments under the text, can be found some detailed information
about used materials, possible explanations about occurring happenings and sources of
citations/claims.
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PAINTING TECHNIQUE

We started our examination of the wall paintings in Gradisce by general, superficial examination.
There are gothic wall paintings left on Northern, Sothern and Western wall. These are also the areas
we examined in the most detail.

Firstly, we observed, what can just “naked eye” method tells us about the paintings, their creation
technique, used materials and special treats. Let’s start from the base — support layer.

Stone wall serves as a support layer. It is made of robust ashlar stone masonry. The origin of the stone
is quite possibly one of many local quarries. The support stone layer is visible on the outside of the
church. It is necessary to add, that there is clearly visible the difference in stone processing. During the
church’s history, the church was elevated. This occurred after the gothic frescos were applied. On the
lower side to the three quarters of the heights of the church, the wall is made by robust ashlar stone,
later elevation was made by smaller, inferior samples of stone. The joints between different masonry
blocks are filled by mortar — joints are very thin and delicate, visible just on the outside of the wall.
The overall thickness of the wall is circa 80 cm.

Usually on the rough stone support layer was applied the first, thicker mortar layer (arriccio) for
levelling the unevenness of the support. Arriccio layer is visible on more damaged parts, where the
paint layer and the other mortar layers were abraded or damaged. Mostly this is the case on the lower
parts of the frescos (by the floor) and on the corners. For precise location see maps in Annex n. 4: 1, 2
and 3.

Visible is also finishing layer of mortar (intonaco), also on parts, where the paint layer was abraded or
damaged. It is the last, fine-grained, thin and well-evened layer of mortar on which the wall painting is
applied in buon fresco technique.

It is not clear, if there is another mortar layer between the two, because it is not possible to distinguish
between different layers by the “naked eye” method, this is why there are needed further
investigations.

On the intonaco we can usually find preparatory drawing. An artist created this drawing to help
himself with the different motives, to see the whole picture. Preparatory drawing was used as a sketch.
The examples can also be found in GradiSce. On the more abraded parts of a paint layer there are
visible some examples of author’s preliminary sketch. Great example was found on the northern wall
on the lower part, where one of the human figures is playing a flute. The sketch was made in light red
color tone, applied most likely by brush.

The occurrence of the preparatory drawing led to the examples of pentimento. It is the correction of
the motive on painting made by the artist. We can see the form, that was sketched or after lightly
painted with first paint layer, that was later corrected by the artist with deposit of final paint layer
(possibly in secco technique). The occurrence of pentimento is mostly a result of abrasion or damage
of paint layer. Very illustrative example can be found on the south wall in the scene of Three Marys at
the grave, where it is visible the author’s correction of the shoulder of one of the Marys.

During the examination of a paint layer, it was concluded the wall paintings are probably executed in
buon fresco with secco finishing. Buon fresco is a wall painting technique in which pigments are
mixed with clear water or with lime milk and applied to a fresh and still damp lime plaster (intonaco);
pigments are fixed inside a thin layer of calcium carbonate formed on the plaster surface during
carbonation process. Secco technique is a wall painting technique, where author applies pigments
mixed with binder on dry mortar.
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Difference of techniques can be seen by the difference of thickness of paint on different parts of paint
layer and by the gloss of the colours.

Before the gothic frescos there were other wall paintings. On the south wall on the left upper side,
there were found some remains of an older wall painting. Such remains we categorised as palimpsest.
It is also visible that the earlier wall paintings were scratched for better adhesion for the next layer
with the purpose of making a new wall painting.

They applied wet intonaco in parts, they were able to work on in a one day time or till the mortar was
dry. In Gradis¢e me have large areas called pontata-s. The lines between different pontata-s are still
visible, when you illuminate the wall with raking light. When they applied wet mortar, they also
carved same forms in mortar, to decorate the painting or to outline some shapes to help themselves ,
when they will later paint on that layer. Under the raking light we found different carvings made by
different techniques. We distinguish between direct incisions, puncunatirua-s and snapped line
technique.

Direct incision technique can be described as a preparatory drawing technique using a pointed tool or
other sharp instrument to scratch a plaster surface. In our case it was applied on wet plaster®. On
frescos we found examples of the technique, mostly on the edges of painted jewellery, aureoles,
dresses etc.

We also found examples of punzonatura-s/imprints. It is a technique, where you use different tools to
press them into the wet mortar to get different imprints on the surface. Technique is mostly used to
imprint different forms on jewellery, décor and dresses. This is also the case in this church. The most
representative example is found on the crown of the Virgin Mary on the northern wall.

In Gradi$¢e we can also find examples of usage of snapped line technique. This technique was mostly
used for creating straight lines. It is a method of applying a straight line on plaster by stretching a
piece of string, pulling back and releasing it, so that it snaps against the painting, leaving a mark. In
Gradisce it is most likely that they used that technique, when the mortar was still wet, because we can
see little pieces of mortar on the areas, where the possible string was snapped. That would suggest,
that they had used this technique before they started to paint. The frescos on the south wall are divided
in different scenes, each scene is mobbed by frame. The straight lines, which create the frames, were
most likely made by snapped line technique.

When we examined the final paint layer, we found an interesting example of usage of stencil
decorative technique. To finish and decorate some parts of the painting the artist used stencil, that was
intricately shaped and he used it to make the ornamental pattern on his painting. Usually the stencil
was used to create different patterns on dresses, table cloths, ... The example of usage of stencil can be
found on northern wall on the dress of the King/Magi in the middle of the scene.

! Likewise, indirect incision technique is defined as preparatory drawing technigue using a pointed tool or other
sharp instrument to scratch a plaster surface through some kind of stencil (paper, linen, ...).

You can distinguish between direct and indirect incisions by assessing the state of the edges of incisions — direct
incisions leave rough and sharp edges with small mortar pieces accumulated around edges. On the contrary,
indirect incisions leave edges nicely rounded, form the inside to the outside of the incision — this phenomenon is
caused by stencil used to made incision — it was almost imprinted on the edges on the surface.
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STATE OF CONSERVATION / TRY-OUTS

We performed different examinations to find out the current condition of the painting.

We examined the whole painting in detail and mapped different deterioration phenomena, that affected
the painting. We can divide the deterioration phenomena that affected just the painting layer and
colour respectively and phenomena, that affected the layers underneath. We also made a category for
salts deposits and one for other deposits, that can currently be found on the paint layer.

COLOUR CHANGES

The category of colour changes includes colour saturation, darkening, yellowing and whitening. We
were interested to find out, what paint changes can be detected simply by the “naked eye” and are
therefore the most visible and noticeable to anyone, who looks at the painting. Therefore, we marked
areas, where colours were severely saturated, the areas, where paint seem to be whitening or fading,
parts that seem to be darkened or yellowed. The criteria for assessing the changes were decided by the
observers and depend on comparison of different colour parts to each other and to the wall painting as
a whole. There is no particular rule for the changes, we found them on all areas of the paintings.

ABRASION

The painting layer was heavily affected also by abrasion. There are a lot of places (for precise location
see maps in Annex n. 4: 7 - 12), where we could clearly see abraded parts, which were caused by
mechanical friction or process of rubbing away the surface/paint. Most heavily affected were parts that
are easily accessible, the most abraded areas can be found on the southern wall.

COLOUR COHESION

We also checked, what is a state of the cohesion of the colour. We were especially interested to find
out, if there are some colours that are more stable than others. It is very important assessment for
future conservation and restoration procedures. We checked the state of the cohesion of different
colours with try-outs with water-wet cotton swabs. Each colour area was wiped with three swabs. The
remains on the cotton told us the state of colour area. If there were any pigment remains on the cotton
swabs, the area is not stable, if not, the cohesion of the colour is satisfactory. The results showed, that
most colours are stable, some cohesion problems only have yellow and red colour parts.

DEPOSITS

There can also be different category for all the deposits, which can be found on the painting layer. It is
very difficult to differentiate between white deposits, such as lime-wash residues, salt efflorescence
and salt crust etc. without any investigations. This is why it had been decided to put them on the same
map in graphical documentation. We mapped all the deposits and clearly labelled them in different
categories just in areas, where the observers were convinced in their cause of origin. As a deposit we
mapped also possible “wax stains” that were found on the surface and accredited by the inspection
under the UV-light. In this map we also added the marks of different stains (leaking stains and others),
we do not know the origin to or its chemical formula. Interesting observation can be made, if we look
at the relief of the wall. Probably because of the weight of the roof, the walls became more rounded
during the years. That resulted in very pronounced relief of the wall paintings’ surfaces. A lot of
deposits can be therefore found on convex parts of the relief structure.

GLOSSY AREAS

Interesting finding was also the glossy areas. These are the areas that had particular shine under the
raking light. We don’t know the origin or the cause of the shine. It is to be determent later with some
investigations. Glossy areas were found on all walls, mostly on the lower half of the painting.
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GRAFFITI

Caused by human action is also occurrence of graffiti. They can be found mostly on the southern wall,
especially on the lower, more accessible side of the painting. They appear to be quite old, with
possible historical value.

BULGES, CRACKS AND CRAQUELURE

On wall painting in Gradi$¢e we also found more structural damage. During the examination of the
painting we detected some bulges, cracks and craquelure. Mostly, bulges were found on the lower
parts of the painting, near the floor, where later we also detected severe lack of adhesion. The bulges
were found on all walls without noticeable exceptions.

As structural damage we categorised also cracks and craquelure. As cracks we categorised

visible separations of one part from another, that extends through one or more layers. On the painting
in some areas we found whole networks of little cracks, which we categorised as craquelure. Cracks
and craquelure networks can be found on all walls. For precise location see maps Annex n. 4: 7 - 12.
The severity of different cracks varies, but most cracks are stable and non-threatening. The most
severe and active crack is located in the middle of the northern wall by the Magi figure.

LACUNAS
On the painting we also detected lacunas. They can be of different sizes and different depth. They
were mostly conserved before our inspection. There do not seem to be the appearance of new ones.

ADHESION

To assess the state of adhesion — stability of the mortars underneath the painting — we decided to
perform the “knocking test”. The observer goes along the wall, lightly knocks on the different parts on
the wall and listens for anomalies of the sound, which inform an observer of difference of adhesion of
underlying mortars. The test showed that the state of mortar adhesion is not as good as it seemed to the
“naked eye”. The most unstable areas are near the floor on all walls and near the corners, where are the
contacts between different mortar layers. In these areas immediate conservation intervention needs to
be done.
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INVESTIGATIONS / TRY-OUTS / TESTS

When we finished all the examinations of the paintings and got the general idea of their current state,
we began to perform different investigations and try-outs. We were interested to find out the reasons
behind the current state of the paintings and especially, how do they behave under different treatments
and with usage of different materials. It is of most importance to find this out to know, how we will
treat the paintings in the future and which materials are the most effective and non-threatening for the
artwork.

“SPONGE TEST”

We were very interested to find out the water absorption potential of the walls. This characteristic is
very much connected to the porosity, pore size and distribution, adhesion of the wall structure etc.?
This data can give us very significant information, that need to be considered, when we will perform
cleaning and other conservation/restoration procedures. This data is quite hard to measure, because it
is very dependent on the condition of the wall structure, temperature, air humidity, ... but we can get
the general idea, by performing one of the simpler, non-invasive tests, like “sponge test”.

We performed the “sponge test” on site. We wetted the sponge with water, weighted it and then
pressed it to the surface of the wall. After one minute we took it away and weighted it again. We
observed the difference in weight of the sponge. The difference is the final result and the measurement
we were after. We compared the final measurements to each other to get the general picture of the
absorption state of the wall.

The results showed that the south wall absorbed the highest amount of water, but not significantly
more than northern wall. The least amount of water was absorbed by the western wall, at some parts
there was even no water absorbed. The test also showed that the higher the measurement point is up
the wall, more water is absorbed. Interesting results gets us also the comparison of the “sponge test”
results to the “adhesion assessment test” results. We can quite clearly see the connection between the
state of adhesion and absorption potential. As a general rule we could state, that where is severe lack
of adhesion of wall structure, the water absorption potential is also quite high. Our results confirm this
thesis.

COHESION ASSESSMENT / WATER CLEANING TIRAL

When we earlier executed the test for cohesion assessment, we got yet another results from the same
test — the results that told us about cleaning the surface with water. On cotton swabs we could see not
only the remains of possible pigments, that came off the surface, but also the impurities that were
gathered from the surface by cotton swab.

On most swabs we could find yellow or brown impurities, regardless of the colour area and position
on the wall we were cleaning. General results showed that the most impurities were cleaned on the
southern wall. There was also the most noticeable difference between cleaned and uncleaned surface.
On northern wall, there were impurities detected on the cotton swabs, but there was very little
noticeable difference on the surface of the wall before and after the cleaning. On the western wall
there was a visible difference, but not as strong as on the southern wall.

2 Lecture notes on Mineralogy in conservation/restoration course.
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WATER CLEANING TRIAL

To confirm and evolve the results stated by the cohesion assessment test, we decided to perform other
cleaning tests. On each wall we selected one? or two areas®, where we carried-out the cleaning tests.
According to previous examinations and try-outs, we decided to try cleaning the selected areas with
different cleaning agents, because we were quite certain, that we have different materials to clean off
the surface. Different materials usually demand different cleaning agents, because of their different
chemical structure’.

We tried distilled water, ammonium carbonate, ammonium bicarbonate and anion exchange resins. At
the beginning we also decided to try different methods of application (by brush through Japanese
paper and with poultice, made of Arbocel 200, Arbocel 1000 and Sepiolite) to see, if the prolonged
time of exposure to the cleaning agent has any effect to the results.

Firstly, we cleaned selected areas with distilled water. We applied water cleaning agent 5% by brush
through Japanese paper, then we cleaned the same areas around 3x with water-wetted sponge. The
water came back a little dirty, the same colour as previous cotton swabs (orange and brown). It seemed
that water agent did remove superficial impurities that were on the surface. The underlying colours
became more vibrant and visible. The effect of water cleaning was most noticeable on S area, the least
on N1.

The water cleaning had an interesting effect on western and northern wall. Right after the application
of water the colours became very vibrant and visible. Around ten minutes after, on some spots
appeared white veil, which was very visible and almost overpowered and concealed underlying
colours. We left the paintings to dry overnight and then checked the state of the white veil the next
day. The veil appeared to be more translucent and less visible, but still more noticeable than before
water cleaning®. Even though the appearance of white veil on both areas was caused by application of
water, it is possible that there is a difference in chemical structure between veils on different areas.

When compared to each other, veils appeared to differ in thickness, gloss and over all general
appearance. During the tests we concluded that it is possible, that the white veil on W area could be a
result of previous deposit of consolidant (Calaton)’, on area N2 it is more likely to be due to sulfation
or are simply lime wash residues®. It is to be checked with additional chemical investigation method,
we also took some samples that will be tested at the lab.

3 On the southern and western wall (In report I use “S” and “W” areas).

4 On the northern wall — in the middle of the wall, by the Magi figure (In the report I use “N1” area) and under
the window (In report I use “N2” area).

5> Conservation of building and decorative stone (ed. John ASHURST, Francis G. DIMES), Oxford 1999.

® 1t is possible, that the water caused at least partial swelling of unknown material, the swelling than induced the
white veil to appear.

"1t is known to be applied in the 1960s, during the conservation/restoration procedures. We concluded that it is
possible, that the white veil is caused by consolidant, because of its appearance on the surface. It seemed, that it
had been applied by brush, because we could almost see the brush strokes imprinted in remains of the substance.
8 These are clearly visible on all walls, but are hard to distinguish between salt crust and other residues.
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AMONIUM BICARBONATE CLEANING TRIAL

To treat the white veil and further clean the surface, we decided to try ammonium bicarbonate
solution. We made 20 % solution of ammonium bicarbonate in water® and then applied it by brush
through Japanese paper on selected surfaces for 10 min. To keep the applied Japanese paper wet
during the exposure time, we have to wet it up from 4x 10 to 7x 1, After 10 min. we took the Japanese
paper down and cleaned the surface with water-wetted sponge up to 4x.

The most severe reaction to the applied solution happened on area N2. After water cleaning of the
treated surface, the white veil appeared almost immediately. It was extremely visible and quite thick,
but fragile!2. While still wet, we decided to try different removal methods — mechanical and chemical.
We got good results with the usage of rubber and trimmed brush®3. As a chemical removal agent we
used 5 % solution of triammonium citrate in water and hot water. Both cleaning agents are working,
but the best removal results we got with the citrate4. After the removal of the veil, the surface seemed
cleaned and the colours more vibrant.

In the areas S, W and N1 the effect of the treatment was visible, but we wondered, if we can improve
it further. That is why, we decided to prolong the exposure time and apply the same solution in a form
of poultice. We mixed the ammonium bicarbonate solution with Arbocel 200 and applied it on top of
pre-water-wetted Japanese paper. We left the poultice to take an effect for 30 min. After the exposure
time, we removed the poultice and cleaned wall surface with water-wetted cotton swabs and sponges.
Before we left the surface to dry overnight, we applied a sheet of Japanese paper*® on treated surface.
During drying process all the impurities that would otherwise accumulate on the surface, could
deposits themselves on the sheet of applied paper.

After drying through the night, the results are different on different areas. On area N1, before the
treatment there was no sign of white veil, after the treatment there also is none. But a little more
pronounced became some white wash residues, which are easier to remove after the bicarbonate
poultice treatment by some mechanical action (scalpel, brush, ...). On area W and N2, the results are
very visible. During the treatment more of white veil appeared. It seems, that a lot of impurities and
also a bit of the material, that caused the appearance of white veil, did deposit themselves on either
poultice or Japanese paper, or were simply removed by water cleaning after the treatment. After drying
through the night, we could see some remains still on the surface, but these are easily removable by
some mechanical methods or application of triammonium citrate. The difference before and after the
treatment is especially visible on darker areas — dark blue and violet. These colour parts were severely
covered by white veil, but now colours seemed more pronounced. We concluded, that on area W and
N2 the results are better after the treatment with poultice, than after application of bicarbonate
solution just through Japanese paper.

9 We tried to prepare saturated solution. We decided to use ammonium solutions, because the ammonia parts can
create easily soluble chemical compounds with salts and other residues in and on the surface of the wall or just
cause swelling of unwanted material, so it is easier to remove.

10N area S.

11 In area N2.

121t is possible, that the appearance of the veil occurred, because of the swelling of some unknown material, that
was caused by its exposure to ammonium bicarbonate solution.

13 We made a special brush, where we trimmed its bristles to get rougher cleaning accessory.

14 Triammonium citrate is organic chemical compound, that is mostly used in water solution as a buffer or
emulsifier. It is slightly acidic; this property can increase during exposure of citrate to air or other chemical
compounds. Its core method of reaction is the same as of other weaker organic acids. Triammonium citrate,
pubchem.ncbi.nlm.nih.gov, accessible at <Triammonium citrate | C6H17N307 - PubChem (nih.gov)> (3. 9.
2021). After the application of triammonium citrate, we cleaned the surface with distilled water.

15 Japanese paper was applied with thin solution of Arbocel poultice in distilled water. This way we created loose
layer, where all the possible impurities can freely accumulate.
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The same could be said for area S. We took a closer look at this area’s results. Under the UV -light,
there could be seen an orange-ish coat on the surface, except on the part, that was treated with
bicarbonate poultice. Even though before the treatment, there had not been very visible white veil in
this area, absence of orange-ish coating on the surface tells us, that the treatment was somewhat
successful®,

AMMONIUM CARBONATE CLEANING TRIAL

After we got such good results with ammonium bicarbonate treatment, we decided to try cleaning the
surface also with ammonium carbonate. This reagent has a bit higher pH value and is slightly more
reactive than ammonium bicarbonate solution!’. That would suggest, that we could get even better
results than with ammonium bicarbonate. Firstly, we mixed 20 % solution of ammonium carbonate in
water. On chosen area, we applied two sheets of Japanese paper and fixed them on the wall with
water-wetted brush. Than we covered them with pre-mixed carbonate solution. The exposure time
was 10 min. During the treatment we wetted the sheets with solution up to 4x for papers to remain
wet. After the treatment, we removed the Japanese paper and cleaned the areas with water-wetted
cotton swabs and sponges.

After the treatment, on area N2 we could see high amount of “newly formed” white veil. The layer
was rather thick. The water cleaning did nothing for removal of the veil. That is why, we also tried
ammonium citrate, which worked, when the surface was completely dry. The white veil could also be
removed with mechanical removal methods — rubbing, brushing, ...

On areas S and W, there also white veil appeared, but the layer was thin and was easy to remove with
just water cleaning after the treatment. The water come back a little dirty, the same colour as before
(yellow/brown-ish tones), most significantly on N1 area. This is rather interesting, because in this area,
there come the least amount of superficial impurities off the surface with other cleaning methods. All
remains of the white wash or other white residues on these areas are, after the treatment, also much
easier to remove with just some mechanical action.

16 We inspected the edges of the processed surface and noticed, that the edges between cleaned and uncleaned
surface are not sharp, but rather smooth and undefined. That occurrence could confirm our previously stated
hypothesis about reaction method of the materials. If the bicarbonate solution would directly react with the
material of the white veil, the reaction would create new compound. On the molecule level, that would mean,
that there are some molecules, that collided, reacted and resulted in creation of new ones and molecules of the
original materials, that did not collide with bicarbonate solution, did not react and, therefore, stayed intact. For
reaction to occur, we need at least two reagents. This would suggest, that the reaction would took place only on
the area, where the solution was applied. There would also be clear distinction between areas, where reaction
was hold and where it was not. The new compound is easier to remove, so it would be cleaned off the surface
with water cleaning or with some mechanical removal methods after the treatment. That would result in sharp
edges between reactive and unreactive places, treated and untreated areas. But this is not our case.

The edges in our case are smooth and undefined. That is why, we could predict, that compounds did not
chemically reacted to each other. This occurrence indicates to other kind of chemical reaction — swelling. Our
reactive agent, ammonium bicarbonate solution, probably caused material of white veil to absorb extra liquid we
applied, that induced increasing of volume of the material. That would explain sudden appearance of the white
veil during and after the treatment. This sudden change of mechanical properties applied extra pressure between
material and wall surface, which resulted in loosening the chemical bonds between them. That is why, the white
veil was easier to remove after the reaction, simply by application of weak mechanical force, like brushing or
cleaning with sponge. These mechanical methods removed the material in a way, that is the best explained like it
was torn off the surface. That tarring of the material would explain uneven edges between treated and untreated
surfaces.

Swelling effects in cross-linked polymers by thermogravimetry, SpringerLink, accessible at <Swelling effects in
cross-linked polymers by thermogravimetry | SpringerLink> (3. 9. 2021).

1 Ammonium carbonate, pubchem.ncbi.nlm.nih.gov, accessible at <Ammonium carbonate | (NH4)2CO3 -
PubChem (nih.gov)> (1. 9. 2021).
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We tested also what reaction we could get with prolonged exposure time. That is why we repeated the
treatment with ammonium carbonate in a form of poultice. We mixed previously mixed solution with
Arbocel 200 and applied it on chosen area on two pre-water-wetted Japanese papers. The maximum
exposure time was 40 min. After the treatment, we removed one Japanese paper sheet with poultice
and cleaned the surface with water-wetted sponge through remained Japanese paper. After, we
removed the other one too, and again cleaned the surface.

The prolonged exposure time got better results. On areas S, N2 and W, the white veil appeared in the
same quantity as before, where the exposure time was just 10 min, but it was now much easier to
remove. After the cleaning, the water come back a little dirty, but the same colour as before.

Interesting results appeared on area N1. On the upper side of the area N1, there is unidentified
grey/black-ish stain. Neither of the previous treatments did succeed in removing the stain. The
ammonium carbonate with exposure time up to 40 min did. The stain can be removed with mechanical
action after the treatment. Possible future problem is, that the carbonate solution also influences the
underlying colours, especially red, green and blue/black colour parts. These became very sensitive
after the treatment and could be rubbed off the surface, when we are removing the stain with
mechanical methods.

IONIC EXCHANGE RESINS TRIAL

As stated above, there are multiple possible chemical compounds that could result as “white veil” on
different surfaces. There are some areas, where we were quite certain, that the cause of the white veil
is sulfation of the surface, the veil has plaster-ish appearance and quite possibly contain sulfate
chemical group?®. To test that theory and to try to soften the thick coating, we decided to try ionic
exchange resins'®. We hoped, that during ionic exchange we could remove sulfate from original
material and change it for some other chemical element, which would result in breaking strong bonds
that sulfate group forms and therefore tie the plaster-ish veil very strongly to the surface of the wall.
The new chemical compound would be much looser and easier to remove.

We selected test place on area S. Because the resins are very fine grained and therefore quite hard for
removal from very porous and rough surface as ours, we decided to use two sheets of Japanese paper.
We applied them by water-wetted brush. Than we layed on them rather thick layer of pre-water-mixed
anionic exchange resins paste. They work only, when they are wet, so we waited for them to dry and
stop reacting. Then we removed the paste and Japanese papers and cleaned the surface with water-
wetted sponge and cotton swabs.

Water came back a little dirty after the cleaning, but the same colour as before (yellow-ish/brown-ish).
The results are not as good as predicted. The white veil is a bit easier to remove by mechanical action,
but not significantly more than before the treatment?.

18 Sulfate, pubchem.ncbi.nlm.nih.gov, accessible at <Sulfate | 04S-2 - PubChem (nih.gov)> (1. 9. 2021).

19 Jonic exchange resins are chemical substances, which work on the principle of exchanging their metallic or
hydrogen ion with substance, they encounter. The substance than receive the metallic or hydrogen ion and give
one of its core ion back to the resins. The substance during this process become loose and easier to remove, that
is why, ionic exchange resins can be great substance for different cleaning treatments. Considering the ions,
which resins exchange, we sort them on anionic, cationic and mixed (exchange both kinds of ions) exchange
resins. P.W. ATKINS, Physical chemistry, Oxford 1997, p. 380-387.

20 That would suggest, that the treatment was just partly successful. It is possible, that the results are these way,
because the resins were not applied directly on the surface, so the Japanese papers could slow down and
minimise reactive power of the resins. It would be interesting to test this hypothesis by applying the resins
directly on the surface, to see, if they are really working.
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CONSOLIDATION TRIAL

During cohesion assessment we discovered, that some of the colour parts, mostly red and yellow, are
in poor shape, their cohesion state is rather weak. At some point in the future, during
conservation/restoration work it will be necessary to consolidate and stabilise those colour parts. This
is why we made consolidation trials.

We tested how well as a consolidant works barium hydroxide. We mixed 10 % solution of barium
hydroxide? in water, this solution we later mixed with Arbocel 200 and 1000. This poultice we later
applied on a sheet of Japanese paper in area S. We left it to take an effect for 4 hours. After the
treatment, we took down the poultice with Japanese paper and cleaned the surface with water-wetted
sponge.

Barium hydroxide solution seemed to have the effect we wanted. Treated colour parts seemed to be
stabilised and much more resistant to any mechanical action. It would be interesting to further evolve
the results by changing saturation percentage of solution or to change the exposure/reaction time.

21 Barium hydroxide is chemical compound, that is widely used as an additive to different organic or inorganic
materials to straighten their properties, such as improvement of their plastic properties, fusing of silicates, ... In
conservation/restoration it can be used as consolidant to straighten and renew effete bonds between different
compounds, ... R. C. Ropp, Encyclopaedia of the Alkaline Earth Compounds, Oxford 2013, accessible at
<Barium Hydroxide - an overview | ScienceDirect Topics> (4. 9. 2021).
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Summary

by Mischa Hiltensperger and Lea Bianca Vollenweider

A File tree is an algorithm for placing and locating files in a database. It's a non-linear data
structure. This has the advantage that data can be found and accessed more quickly than in a
linear structure. Other reasons for using a folder system like this is to avoid losses of
documents and improve the quality of the work that has been done. A File tree with its
subfolders can be compared with a mindmap.

In 2021 Summer school we structured the File tree in eleven categories. These are:
0 Administration

1 _Bibliography

2 Historical documentation
3 Building

4 Photo of the church

5 Sampling
6_Investigations

7 Reports

8 Presenations

9 Site information

10_File tree

11 Visual glossary

In the first three folders of our file tree, we have put in all input data. These are
administrational informations which affect the Summer School and the site where we
worked. Before the Summer school started, all the files which are in those three folders were
already existing. They allowed us to get an overview of historical reports, photos of the site
and similar case studies. It’s important to take a look at the files in those File tree categories
to gather general information's before start working on site. The following five Categories of
our file tree are called the “in itinere” Data. They contain files which were developed during
the first Summer School. The content of those files changed continuously during Summer
school and information can still be changed or added until the work on site is finished. The
last Folders of the File tree from 7- 11 contain output and results of our work on site. These
are also folders, in which information still can be added and changed within the progress of
conservation and restoration on site.

To conclude, the File tree is an important device for organizing the mass of information and
administration. It is a time saving way of data management. If the work is done, there are lots
of benefits for lecturers, students and peoples that are not included in the project. When you
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have understood how it works, you may also project this type of data management to other
projects.

The File tree we used was created by Stefania Luppichini from Supsi CR. She presented it in
her lecture Data Manegement as a part of the on-line program of the 2021 Summer School.
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Chat
s Summer school Gradisce :
() Documents > General
Teams General
D Organization team [0 Name Modified Modified By ~
Files Presentations
0_Administration August 4, 2021 anka.batic
01_Bibliography November 4, 2021 anka.batic
02_Historical documentation November 4, 2021 anka.batic
03_Building November 4, 2021 anka.batic
04_Photodocumentation November 4, 2021 anka.batic
05_Graphic documentation November 4, 2021 anka.batic
06_Investigation November 4, 2021 anka.batic
07_Site information November 4, 2021 anka.batic
08_Reports November 4, 2021 anka.batic
09_Presentations November 4, 2021 anka.batic
10_File tree November 4, 2021 anka.batic
11_Visual glossary November 4, 2021 anka.batic
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Introduction

By Eva Marija Fras

To determine the state of conservation of the gothic wall paintings, we
first made a survey on different phenomena characteristic to it. While
we examined the painting, using visual light, UV light, raking light,
portable microscope and spectroscopic methods, we started mapping
all the phenomena and established definitions for all used terms. We
prepared a Visual glossary, which enables us to understand each term
used in the documentation. Visual glossary includes original painting
techniques, decorative techniques and characteristics made during the
creation of the wall paintings. The glossary also contains deterioration
phenomena and previous interventions. The last part comprises of
investigations that were carried out during the Summer School. Each
description also includes a sample image and a chosen pattern which
was used in the maps of the graphic documentation, carried out in
AutoCAD.
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SUMMER SCHOOL, August 2021

Location: Gradisée pri Divaci, Slovenia
Object: Church of St. Helen

Subject: Wall paintings

Owner: Catholic church of Slovenia

Mentors: Alberto Felici, Neva Poloski, Suzana Damiani, Blaz Seme, Anka Bati¢.

Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca
Vollenweider, Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
1. ARRICCIO - Masonry
Description:

A relatively coarse plaster coat applied before the last plaster layer, the intonaco, for levelling the
unevenness of the support.

Source of the description: EwaGlos,Vol.17, 2016, p. 72.

Rinzaffo st tayer of plaster)
Arriccio (rough plaster layer)

- Intonaco (thin, fine and final plaster layer)
Ground (fine surface for the paint layer)

Paint layer

Location:

Detail:

CAD reference:

Arriccio

AR-SAND (0.06-135)
RGB: 18,50,226

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
2. DIRECT INCISIONS
Description:

Preparatory drawing technique using a pointed tool or other sharp instrument to scratch a plaster surface. It can be applied either to dry or fresh plaster. Sharp incisions are
created while small mortar pieces accumulate on the edges.

Source of the description: EwaGlos, Vol.17, 2016, p. 134.

Location: Detail: CAD reference:

Direct incision

Spessore: default
RGB: 38,153,0
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1. ORIGINAL PAINTING TECHNIQUES
3. FRESCO Masonry
Description:

- Rinzaﬁo (first layer of plaster)

Fresco is a wall painting technique in which pigments are mixed with clear water or with lime milk
and applied to a fresh and still damp lime plaster (intonaco); pigments are fixed inside a thin layer of
calcium carbonate formed on the plaster surface during carbonation process.

Arriccio (rough plaster layer)
- Intonaco (thin, fine and final plaster layer)
— Ground (fine surface for the paint layer)

~ Paint layer

Source of the description: EwaGlos, Vol.17, 2016, p. 70.

Location: Detail: CAD reference:
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Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
4. GROUND - Masonry
Description:

The first preparatory coat applied to an image carrier, to build a fine surface for the painting.
In fresco technique ground (limewash with oil binder) can be applied on details (flesh tones)

where prolonged painting is needed.

Source of the description: EwaGlos, Vol.17, 2016, p. 58.

- Rinzaffo st tayer of plaster)

- Arriccio (rough plaster layer)

- Intonaco (thin, fine and final plaster layer)
- Ground (fine surface for the paint layer)

- Paint layer

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
5. INTONACO Masonry
Description:

> Rinzaﬁo (first layer of plaster)

The last, fine-grained, thin and well-evened layer of plaster on which the wall painting is applied in
fresco technique.

Arriccio (rough plaster layer)
- Intonaco (thin, fine and final plaster layer)
— Ground (fine surface for the paint layer)

~ Paint layer

Source of the description: EwaGlos, Vol.17, 2016, p. 140.

Location: Detail: CAD reference:

Intonaco

Brick (0.06-135)
RGB: 243,69,63

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 8
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1. ORIGINAL PAINTING TECHNIQUES
6. JOINT
Description:

The space between masonry blocks which is filled with mortar. In the case of unplastered surfaces, mortar joints contribute
to the overall appearance of the architectural surface.

Source of the description: EwaGlos, Vol.17, 2016, p. 38.

Location:

Detail:

CAD reference:

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
7. MASONRY - Masonry
Descrlption: . Rl'nzaﬁo (first layer of plaster)

The art and craft of building which creates structures from building blocks (masonry units).
These blocks can be extracted or manufactured, and include stone (rubble or ashlar), adobe,
brick, and concrete. They are also bonded tagether with mortar, and possibly grout and/or
reinforcement.

- Arriccio (rough plaster layer)
- Intonaco (thin, fine and final plaster layer)
- Ground (fine surface for the paint layer)

- Paint layer

Source of the description: EwaGlos, Vol.17, 2016, p. 26.

Location: Detail: CAD reference:

/

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 10
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1. ORIGINAL PAINTING TECHNIQUES
8. PALIMPSEST
Description:
Plaster and painting layers preserved under an existing wall painting.
Source of the description: EwaGlos, Vol.17, 2016, p. 108.
Location: Detail: 7 7 CAD reference:

Palimpsest
SOLID

RGB: 8,155,38

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 11
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1. ORIGINAL PAINTING TECHNIQUES
9. PENTIMENTO
Description:

Correction of the painting done by the artist himself.

Source of the description: EwaGlos, Vol.17, 2016, p. 90.

Location: Detail:

CAD reference:

Pentimenti
SOLID

RGB: 0,255,255

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
10. PLASTER
Description:

Protective and/or decorative coat which is applied to architectural surfaces. It is also used for molding and casting decorative elements.

Source of the description: EwaGlos, Vol.17, 2016, p. 50.

Location: Detail: CAD reference:

Infilling

SOLID
RGB: 175,100,250
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Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 13
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1. ORIGINAL PAINTING TECHNIQUES

11. PONTATA

Description:

A wide area of plaster applied at the same high as the scaffolding, leaving horizontal seams in the finished work.

Source of the description: EwaGlos, Vol.17, 2016, p. 74.

Location:
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CAD reference:

Pontata
A Spessore: default
H RGB: 127,0,0

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES

12. PREPARATORY DRAWING

Description:

Preliminary drawing done before further work is undertaken, that is usually followed by work in a different medium. This is done on the intonaco in the case of murals.

Source of the description: EwaGlos, Vol.17, 2016, p. 130.

Location: Detail: e CAD reference:

Preparatory drawing

Spessore: default
RGB: 73,228,135

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 15
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1. ORIGINAL PAINTING TECHNIQUES
13. PUNZONATURA
Description:

Decorative technique of pressing tools (punze) in fresh plaster. It is used in fresco technique on halos, crowns and other details.

Source of the description: Summer school Gradisce 2021.

Location:

Detail:

CAD reference:

00000000

Punzonatura

HEX (0-1)
RGB: 250,0,0

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021

16




Zavod za varstvo

kulturne dedis¢ine Slovenije
Institute for the Protection of
Cultural Heritage of Slovema

Scuola universitaria professionale della Svizzera italiana |
Dipartimento ambiente costruzioni e design

L NN
} Sveuciliste u Zagrebu

: . T e / Akademija likovnih
A University of Liubljana [ umjetnosti
Academy of Fine Arts i

- SUPSI and Design

1. ORIGINAL PAINTING TECHNIQUES
14, SCRATCHES
Description:

Roughening the surface due to achieve better adhesion for the next plaster layer.

Source of

the description:Summer school Gradisce 2021.

Location:

Detail:

CAD reference:

Scratches

ANSI31 (0-4)
Spessore: default
RGB: 250,128,114

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. ORIGINAL PAINTING TECHNIQUES
15. SNAPPED LINE
Description:

A method of applying a straight line on plaster (can be coloured or without colour) by stretching a piece of string, pulling back and releasing it so that it snaps against the
painting, leaving a mark.

Source of the description: EwaGlos, Vol.17, 2016, p. 126.

Location: Detail: CAD reference:

/| Snapped line

yd TRATTEGGIATA
7/ Spessore: default
Y RGB: 255,127,0

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 18
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1. ORIGINAL PAINTING TECHNIQUES
16. STENCIL
Description:

Reproduction technique to produce an ornamental pattern, with the use of a template.

Source of the description: EwaGlos, Vol.17, 2016, p. 140.

Location: Detail:

CAD reference:

Stencil

ANSI37 (0-2.5)
RGB: 127,0,31

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA
1. ABRASION
Description:

Superficial loss or damage as a result of mechanical action due to friction; the process of rubbing away the surface of the material.

Source of the description: EwaGlos, Vol.17, 2016, p. 186; Cambridge dictionary; dictionary.cambridge.org/dictionary/english/abrasion.

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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DETERIORIATION PHENOMENA

2.

BULGE

Description:

Localised rounded protuberance or swelling from within or underneath caused by pressure.

Source of

the description: EwaGlos, Vol.17, 2016, p. 200.

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
3. COLOUR SATURATION
Description:

The intensification of colour of a surface caused by humidity or by the use of construction or conservation materials.

Source of the description: EwaGlos, Vol.16, 2016, p. 218.

Location: Detail: CAD reference:

Colour Saturation

ANSI 32 (0-1.3)
RGB: 0,255,255

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 23
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2. DETERIORIATION PHENOMENA
4, CRACKS
Description:

A discontinuity in an architectural surface or wall painting, resulting in a visible separation of one part from another, that extends through one or more layers.

Source of the description: EwaGlos, Vol.17, 2016, p. 204.

Location:

CAD reference:

Cracks

Spessore: default
RGB: 255,0,63

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
5. CRAQUELURE
Description:

A network of fine minor cracks specific to secco paint layers.

Source of the description: EwaGlos, Vol.17, 2016, p. 208.

Location: Detail:

CAD reference:

Craquelures

SOLID (Transparency 50)
RGB: 255,46,255

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
6. DARKENING
Description:

A change in the surface colour due to a decrease in hue (reduction of visible light reflection).

Source of the description: EwaGlos, Vol.17, 2016, p. 216.

Location:

Detail:

CAD reference:

Darkening

SOLID
RGB: 122,122,122

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
7. DEPOSIT
Description:

Accumulated (foreign) matter on the surface of the paint layer.

Source of the description: Summer school Gradisce 2021.

Location: Detail:

CAD Reference:

Deposit

SOLID (Transparency 60)
RGB: 26,110,8

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
8. FLAKES
Description:

The partial or complete detachment of fragments of the paint layer and/or the ground from an underlying layer (support, plaster). The detachment is parallel to the

underlying surface and the fragments are usually small and thin.

Source of the description: Summer school Gradisce 2021.

Location: Detail:

CAD Reference:

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
9. GLOSSY AREA
Description:

Reflectance of the light on the painting layer.

Source of the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.17, 2016, p. 180.

Location: Detail:

CAD reference:

Glossy Area

SOLID
RGB: 245, 53, 10

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA

10. GRAFFITI

Description:

Usually damage caused by deliberate or unintentional human acts.

Graffiti can be written on the surface with the use of various materials (ex. pencil, spray paints) or scratched into the plaster.

Source of the description: EwaGlos, Vol.17, 2016, p. 173.

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA
11. LACK OF ADHESION (MILD) - Masonry
Descri ption : g Rl'nza_ﬁb (first layer of plaster)

Lack of adhesion between the plaster layers (rinzaffo, arriccio and/or

intonaco) or between plaster and the support, resulting in hollow spaces and

damages.

Source of the description: Summer school Gradisce 2021.

- Arriccio (rough plaster layer)
- Intonaco (thin, fine and final plaster layer)
- Ground (fine surface for the paint layer)

© Paint layer

Location:
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Detail:

CAD reference:

Lack of adhesion (Light)

SOLID (Transparency 60)
RGB: 0,0,255

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA
12. LACK OF ADHESION (SEVERE) - Masonry
Description:

Lack of adhesion between the plaster layers (rinzaffo, arriccio and/or

intonaco)
damages.

or between plaster and the support, resulting in hollow spaces and

Source of

the description: Summer school Gradisce 2021.

- Rinzaffo st tayer of plaster)

- Arriccio (rough plaster layer)

- Intonaco (thin, fine and final plaster layer)
- Ground (fine surface for the paint layer)

- Paint layer

Location:

Detail:

CAD reference:

Lack of adhesion (Severe)

SOLID (Transparency 60)
RGB: 196,48,18

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA

13. LACUNA

Description:

Missing part of a wall painting, discontinuity across a surface which can be of different sizes and depths (paint layer, plaster layers).

Source of the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.17, 2016, p. 180.

Location: Detail:

CAD reference:

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA

14. LEAKING STAINS

Description:

Change in color due to infiltration of water.

Source of the description: Summer school Gradisce 2021.

Location: Detail: CAD reference

Leaking stains

SOLID
RGB: 210,185,80

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 34
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2. DETERIORIATION PHENOMENA
15. LIMEWASH RESIDUES
Description:

Residues of lime wash on wall painting. After uncovering of wall painting residues of limewash can be found.

Source of the description: EwaGlos, Vol.17, 2016, p. 200.

Location: Detail:

CAD reference: /

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORATION PHENOMENA

16. PITTING

Description:

Damage of intonaco caused by the volume change of the aggregates.

Source of the description: Summer school Gradisce 2021.

Location: Detail: CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
17. SALTS CRUST
Description:

Formation and surface accumulation of soluble salts of crystalline appearance.

Source of

the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.17, 2016, p. 166.

Location:

Detail:

CAD Reference:

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
18. STAINS
Description:

Damp stains on the wall due to the condensation process.

Source of

the description: Summer school Gradisce 2021.

Location:

Detail:

CAD Reference:

Stains

ANSI 31 (90-2)
RGB: 111,127,63

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021

38




Zavod za varstvo

kulturne dedid¢ine Slovenije
Institute for the Protection nf
Cultural Heritage of Slovemia

‘m >

Scuofa universitana professionale della Svizzera italana
Dipartimento ambiente costruzioni @ design :

SUPSI

Sveudiliste u Zagrebu
University of Liubljana Akademija likovnih

n | umjetnosti
Academy of Fine Arts | /
and Design LW

2. DETERIORIATION PHENOMENA
19. TRACES OF UNCOVERING
Description:

Mechanical damage on the surface of the paint layer caused in the process of uncovering (removal of the limewash).

Source of the description: Summer school Gradisce 2021.

Graphic documentation of the detail

Detail:

CAD reference:

LU
l
|
|

Uncovering

FLEX (0-2)
RGB: 182,75, 17

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA
20. YELLOWING
Description:

Chromatic alteration of the materials in a yellowish hue.

Source of the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.17, 2016, p. 214.

Location: Detail:

CAD Reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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2. DETERIORIATION PHENOMENA

21. WHITENING

Description:

White film on an architectural surface due to the formation of a deposit (particles).

Source of the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.17, 2016, p. 212.

Location: Detail: 2

£ ,7 Bl
‘f\"‘

Ry
N

CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021

41




Zavod za varstvo

kulturne dedi$¢ine Slovenije
Institute for the Protection of
Cultural Heritage of Slovema

Scuola universitaria professionale della Svizzera italiana |
Dipartimento ambiente costruzioni e design :

Sveuciliste u Zagrebu

F : n S — Akademija likovnih
A University ofL_jubljana lln‘l]’L‘ln().\!li
Academy of Fine Arts el

. SUPSI and Design

Consolidation
Infilling
Injection of Grout
Uncovering

Unknown material in lacunae

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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3. PREVIOUS INTERVENTIONS
1. CONSOLIDATION
Description:

Procedure aimed at re-establishing the loss of mechanical strength and improving the internal cohesion of different layers that make up an artwork. It is performed via the
application, by impregnation or injection, of adhesive products within the voids of the structure or material.

Comment: There can be two types of consolidation: - Temporary consolidation: provisional application of an adhesive product, that will allow further treatments of the
artwork. - Long-term consolidation: definitive application of an adhesive product that attempts to completely permeate the inner spaces of the original material of the
artwork. The products used for this purpose must have good stability over time.

Source of the description: EwaGlos, Vol.17, 2016, p. 312.

Location: Detail: CAD reference:

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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3. PREVIOUS INTERVENTIONS
2. INJECTION OF GROUT
Description:

Adhesion of layers or fragments of mortars, plasters or renders with the injection of a fluid and fine-grained mortar (grout) inside small spaces, cracks and pores. Comment: in
order to avoid potential risks to the object it is necessary to control the amount of water and other solvents in the injected grouts, their compatibility with the original materials
and the adhesion between the treated layers.

Source of the description: EwaGlos, Vol.17, 2016 p. 316.

Location: Detail: - CAD reference:

Injection of grout

SOLID
RGB: 0,165,41

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021 44
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3. PREVIOUS INTERVENTIONS
3. INFILLING
Description:

To reestablish continuity between layers reinstating their structural and aesthetic properties. A lacuna in plaster layers can be infilled with a mixture consisting of a

filler and a binder. Note: The lacunas in plaster layers are reinstated with new plaster.

Source of the description: EwaGlos, Vol. 16, 2016 p. 318.

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divaci (Slovenia), Church of St. Helen, August 2021
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3. PREVIOUS INTERVENTIONS
4, UNCOVERING
Description:

Uncovering is the process of discovering or exposing a wall painting. It involves the controlled removal of various superimposed and overlaying layers. The removal of

these layers can be seen on the paint layer.

Source of the description: Summer school Gradisce 2021, redesigned from EwaGlos, Vol.16, 2016, p. 326.

Location:

Detail:

CAD reference:

Summer school, Gradisce pri Divaci (Slovenia), Church of St. Helen, August 2021
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PREVIOUS INTERVENTIONS

5.

UNKNOWN MATERIAL IN LACUNA

Description:

Unknown material in /acuna and cracks possibly to assist when injecting the grout.

Source of the description: Summer school Gradisce 2021.

Location:

Detail:

CAD reference:

— Unknown material in lacuna

r’ \‘ CIRCLE
\ / | Spessore: default
AN 2 RGB: 255,0,255

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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Source of images, orthophoto and drawing:
1. Source of images: Summer School Archive, August 2021.

2. Orthophoto: Porocilo o izvedenem 3D dokumentiranju poslikav v cerkvi
sv. Helene v GradiS¢u pri Divaci, GaSper Rutar, univ. dipl. Arh., maj 2021.

3. Drawing of statigraphy: Anka Bati¢, Alberto Felici.

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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Report: Summer School Gradis¢e pri Divaci, St. Helen, 2021

Introduction

By Mellisa Canizzo

During the 2021 Summer School in Gradi$¢e pri Divaci, Slovenia
the mural paintings were well documented. One of the
documentation processes was mapping out:

1. painting techniques

2. previous interventions

3. deterioration phenomena

As a first step, a visual analysis of the wall paintings was carried
out using: raking light, visible light, UV light!; Dinolite portable
microscope.

In order to map the lack of adhesion between the plaster layers, the
knock test was carried out on the entire surface of the walls.

The results regarding the condition of conservation of the wall
paintings were mapped on paper prints depicting painting; all the
obtained results were also documented and photographed.

In addition to the execution techniques, previous interventions and
degradation phenomena, the investigations carried out on the
walls, the various tests to determine the cohesion of the pigments
and the cleaning tests were also mapped.

The basis for this work was orthophotos and all the data was
transferred from the paper printouts to the Autocad software,

1 A lamp was used that transmitted wavelengths in the UV but also in visible light, facilitating visual analysis.
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Report: Summer School Gradis¢e pri Divaci, St. Helen, 2021

creating legends with the Cad references in conjunction with the
definitions in the visual glossary.

The graphic drawing of the wall paintings was done in the Autocad
software. It was used as a background for the mapping.

Some students were not familiar with the Autocad, so this work has
certainly enabled them to become more familiar with the software
and understand its mechanisms.
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Index

Original painting technique

Arriccio, intonaco, direct incision on the Northernwall ...................... 1
Arriccio, intonaco, direct incision on the Southernwall ...................... 2
Arriccio, intonaco, direct incision on the Westernwall ....................... 3

Pontate, preparatory drawind, punzonatura, straches, snapped lines, stencil on the Northernwall ...................
Pontate, preparatory drawind, punzonatura, straches, snapped lines, stencil on the Southernwall ...................
Pontate, preparatory drawind, punzonatura, straches, snapped lines, stencil on the Westernwall ....................

Deterioration phenomena

Glossy area, whitening, cracks, uncovering, abrasion, yellowing on the Northernwall ........................ 7
Glossy area, whitening, cracks, uncovering, abrasion, yellowing on the Southernwall ........................ 8
Glossy area, whitening, cracks, uncovering, abrasion, yellowing on the Westernwall ........................ 9
Abrasion, stains, colour saturation, leaking stains, stains, darkening on the Northernwall .................... 10
Abrasion, stains, colour saturation, leaking stains, stains, darkening on the Southernwall .................... 11
Abrasion, stains, colour saturation, leaking stains, stains, darkening on the Westernwall .................... 12
Lack of adhesion (mild and severe), deposit on the Norternwall ..................... 13

Lack of adhesion (mild and severe), deposit on the Southernwall ..................... 14

Lack of adhesion (mild and severe), deposit on the Westernwall ..................... 15
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Previous interventions

Consolidation, infilling, injection of grout, uncovering, unknown material in lacunae on the Norternwall .............. 16
Consolidation, infilling, injection of grout, uncovering, unknown material in lacunae on the Southernwall .............. 17
18

Consolidation, infilling, injection of grout, uncovering, unknown material in lacunae on the Westernwall ..............



Summer School Gradisce pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Northern wall.
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LEGEND A: Loc.atlon: Gradisce pri Divaci
Object: Church of St. Helen
Subject: Wall painting
Direct incision =

ssssssssssss " Mentors: Alberto Felici, Anka Batic.

RRNNNNNNK , o Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka

MESERNANINNN Intonaco Direct incision . . . . . .
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,
Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.
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Summer School GradiS¢e pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Southern wall.
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Location: GradiSce pri Divaci

LEGENDA:
Object: Church of St. Helen

Subject: Wall paintings

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.

Arriccio ®
SRS - Mentors: Alberto Felici, Anka Bati¢.
RN ) . Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
SIS [ntonaco Direct incision . . . . . .
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,
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Summer School Gradis¢e pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Western wall.
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Summer School GradiS¢e pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Northern wall.
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LEGENDA: Loc.ation: Gradi$ce pri Divaci
Object: Church of St. Helen
Subject: Wall paintings
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Snapped line : Pontata o
59500950595052000 @ Mentors: Alberto Felici, Anka Batic.
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Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,
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Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.




Summer School GradiS¢e pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Southern wall.
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Punzonatura

Location: GradiSce pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

Mentors: Alberto Felici, Anka Batic.

Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.
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Summer School Gradis¢e pri Divaci, St. Helen, August 2021, Mapping, Original Technique, Constituent material, Western wall.
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Location: Gradisce pri Divaci

LEGENDA:
Object: Church of St. Helen

Subject: Wall paintings

A
. | 2
Snapped line Pontata s

X 28 99sgpoacecocaoaoe @ Mentors: Alberto Felici, Anka Batic.
3 S S . S | 59523950580259590 P . Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
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tenci cratches 222%2%a%0%a%a%a% unzonatura Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.
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Summer School Gradis€e pri Divacdi, St. Helen, August 2021: Mapping, Deterioration phenomena, Northern wall.
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LEGENDA: Location: Gradi$¢e pri Divaéi
) Object: Church of St. Helen
Subject: Wall paintings
Glossy area Cracks

............. Uncoverlng

Mentors: Alberto Felici, Anka Batic.
Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,
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Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.




Summer School Gradis¢€e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Southern wall. A Wi o

I 100 cm
LEGENDA: Location: Gradi$¢e pri Divaéi
) Object: Church of St. Helen
Subject: Wall paintings
Glossy area Cracks

Mentors: Alberto Felici, Anka Batic.
Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
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Summer School Gradisc¢e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Western wall.
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Summer School Gradis€e pri Divacdi, St. Helen, August 2021: Mapping, Deterioration phenomena, Northern wall.
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Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Southern wall.
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Summer School Gradisc¢e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Western wall.
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Summer School Gradis€e pri Divacdi, St. Helen, August 2021: Mapping, Deterioration phenomena, Northern wall.
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Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Southern wall.
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Summer School Gradisc¢e pri Divaci, St. Helen, August 2021: Mapping, Deterioration phenomena, Western wall.

. 100 cm |
LEGENDA: Location: Gradi$¢e pri Divaéi
Object: Church of St. Helen
Subject: Wall paintings
Lack of adhesion (Mild) Deposit

Lack of adhesion (Severe)

Mentors: Alberto Felici, Anka Bati¢
Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,

5

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.




Summer School Gradis€e pri Divaci, St. Helen, August 2021: Mapping, Previous interventions, Northern wall.
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Summer School GradiS¢e pri Divaci, St. Helen, August 2021: Mapping, Previous interventions, Southern wall.

| 100 cm

LEGENDA: Location: Gradii¢e pri Divaci

Object: Church of St. Helen

Subject: Wall paintings
Injection of grout Unknown material in lacunae
Mentors: Alberto Felici, Anka Batic.
et Uncovering Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka

Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,

7

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.




{ulene dediee Sovene
friimioptd

s T
it Hritage of Soventa OSSO tskldemn L

&

v e e ) ) . . o e o
Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Previous interventions, Western wall. = e
-
%
U 1)
Y O 2 : —
—
7
. 100 cm |
LEGENDA: Location: Gradisce pri Divaci
) Object: Church of St. Helen
- Subject: Wall paintings
Consolidation Injection of grout Unknown material in lacunae

Mentors: Alberto Felici, Anka Bati¢.
Students: Katarina Bartolj, Eva Marija Fras, Marko Odi¢, Luka
Ruzi¢ Stasiow, Mischa Hiltensperger, Lea Bianca Vollenweider,

i

—~—~—~—~—1 Uncovering

Melissa Cannizzo, Chiara Milazzo, Cecile Roulin.




REPORT: suMMER scHOOL
GRADISCE PRI DIVACI (SLOVENIA)

2" to 27™ of August 2021

CHURCH OF ST. HELEN
CONSERVATION-RESTORATION OF
WALL PAINTINGS

ANNEX n. 5
Investigations

Students/authors: Katja Kavkler, Katarina Bartolj, Eva
Marija Fras, Marko Odi¢, Luka Ruzi¢ Stasiow, Mischa
Hiltensperger, Lea Bianca Vollenweider, Melissa Cannizzo,
Chiara Milazzo, Cecile Roulin, ...

Mentors: Alberto Felici, Neva Poloski, Suzana Damiani,
Blaz Seme, Anka Bati¢.




s
7
]

Report: Summer School Gradisce pri Divaci, St. Helen, 2021

Summary

Luka Ruzi¢ Stasiow

There were several diagnostic investigations carried out in the church of St. Helen in Gradisce pri Divaci, some dated as much as 20 years
ago and some carried out in the last couple of years. The most recent investigations were executed last year, during 2021 Summer School,
and during conservation-restoration project in the 2022. Here are the summaries of the investigations during 2021 Summer School.

NON-INVASIVE INVESTIGATIONS
UV light efflorescence

This investigation was obtained with UV lamps and by using a camera to capture results. Assessment under the UV light is
preformed by both professors and students, same as other investigations except the ones where is noted differently. The aim of this
investigation was to reveal all organic matter present on wall painting and hopefully determine some of the pigments used. No result is
obtained about the kind of pigments with this method. Photos of UV fluorescence are stored on MS Teams. Some original painting
techniques which efflorescence under UV light such as stencil are documented in Auto Cad.

Sponge test

Sponge test was carried out with sponges wetted with distilled water, beam scale and stopwatch. The aim of this investigation is to
measure water absorption of a wall which can give us valuable information for further treatments, cleaning, consolidation, etc. For
that reason this test was carried out before applying any treatments. After the appliance of future treatments it is possible to repeat the
sponge test in order to compare results and to conclude if absorption has changed. The results of this investigation are present in writing
reports and places of taking tests are documented in Auto Cad.

Raking light

Under the raking light configuration of wall surface can be observed, which can give us a lot of information about wall painting, on how it
is made and its state. Photos taken under ranking light can be found on MS Teams.
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Report: Summer School Gradisce pri Divaci, St. Helen, 2021

Dino lite

Magnification of Dino lite reveals all the small details on wall painting which can not be seen by the naked eye. The aim of
this investigation is to gather as much information as possible on every interesting point on wall painting for which its magnification
would be beneficial. Dino lite photos are stored on MS Teams and points of taking them are noted in Auto Cad.

Knocking test

Knocking test was preformed with great care by professor and two students. This test depends on subjective experience of
one individual so it was important that same group of people make through the end of this investigation. The aim of this assessment
is to determine if there is delamination between plaster layers and how severe it is. This gives us information for future
treatments, if the injection of grout is needed. Results are present in written reports and lack of adhesion is documented in Auto Cad.

XRF and Raman

XRF investigation was carried out by scientist dr. Katja Kavkler with Bruker ELIO HRF portable spectrometer. This
particular machine can not detect elements from Na to U. As well dr. Kavkler performed another investigation with bruker
BRAVO handheld Raman spectrometer which enables precise measurements of weak scattering, dark and flurescenting
samples. The aim of both investigations is to determine which pigments are used, is gypsum removed with applied cleaning methods
and if there are deterioration products present. Previous investigations showed the presence of sulphur so it was important to make
sure of its removal. As well, information obtained gives us information for further interventions. Results of XRF and Raman can be
found in the written report of dr. Kavkler.
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INVASIVE INVESTIGATIONS
Swab test

Swab test was carried out by professors. In order to carry out swab test grate care must be taken and experience is needed. That is
the reason why students were excluded from this investigation. Swab test was carried out before cleaning trials took place and
before applying any treatments to the wall painting. The aim of this investigation is to assess cohesion of pigments and with
information obtained it is concluded which cleaning trials paint layer can withstand and if the paint layer needs to be
consolidated. Places where the test was executed are documented in Auto Cad and written reports are available.

Sampling

In this Annex there is Glossary of the investigations carried out in the church and the Report of the diagnostic investigations carried
out and described by dr. Katja Kavkler. Since this is an ongoing investigation the Report is a working version. All other documents
are available in MS Teams to all the students, participants and organizers.
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GLOSSARY:
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Investigations
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Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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1. | ANALYSIS ON BINDING MEDIA

Description:

Analysis of the continuous phase (“binder”) that holds inert particles together and adheres them to contiguous layers.

Source of the description: EwaGlos, Vol. 17, 2016, p. 280.
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Source of image: Katja Kavkler

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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Studies in the field and in the laboratory of biological and microbiological colonisation (including bacteria, algae, fungi, lichens) that sometimes grow on wall
paintings or architectural surfaces.

Source of the description: EwaGlos, Vol. 17, 2016, p. 326.

Photo:

Source of image: Porocilo o izvedenem 3D dokumentiranju poslikav v cerkvi sv. Helene v Gradiscu pri Divaci, GaSper Rutar, univ. dipl. arheolog, maj 2021.

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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3. | BUILDING AND SITE SURVEY

Description:

An assessment of the state of conservation of a building or site and a study of its environment, based on observations and
simple measurements.

Source of the description: EwaGlos, Vol. 17, 2016, p. 326.

Photo:

Source of image: Marta Bensa
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The FTIR uses interferometry to record information about a material placed in the IR beam. The Fourier Transform results in spectra that analysts can use to identify or
quantify the material.

Source of the description: https://www.innovatechlabs.com/newsroom/672/stuff-works-ftir-analysis/

Photo:

Source of image: Katja Kavkler

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021 6
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5. | GEORADAR

Description:
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Georadar works by sending a tiny pulse of energy into the ground then recording the strength of reflected signals and time it takes them to return to the receiver. A scan
consists of a series of pulses over a single area. Main goal is to assess the archaeological potential of the church and uncover older construction phases in and around the

church.

Source of the description: https://en.wikipedia.org/wiki/Ground-penetrating_radar
Source of the photo: Institute for the Protection of Cultural Heritage of Slovenija, Nova Gorica Regional Office, Marta Bensa, Nova Gorica, 2. august 2021.
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Source: Porocilo o georadarski raziskavi, Gradis¢e pri Divaci, p.c. sv. Helene, dr. Branko Musi¢, Oddelek za arheologijo, Univerza v Ljubljani, 14. 12. 2003.

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021
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6. | HISTORICAL INVESTIGATION

Description:

The collection and study of documents related to the material history of an art work and its context.

Source of the description: EwaGlos, Vol. 17, 2016, p. 232.

Photo:

Source of Image: Marta Bensa

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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7. | MAPPING

Description:

Graphic representation of a single or several patterns on an architectural elevation or equivalent. The represented patterns can refer to the painting techniques,
deterioration patterns, or treatments that are visible on a wall painting. The information is reported and drawn according to a specific and codified symbol or colour.
The map legend (or key) includes a short description for each represented pattern and gives a graphic symbol. The map produced must indicate when it was created.
The digital format enables the easy superimposition of the graphic mapping results of different phenomena

Source of the description: EwaGlos, Vol. 17, 2016, p. 250.

Photo:
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Source of image: SummerSchool Archive August 2021
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8. | MONITORING

Description:
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Involves collecting data and checking for any visible signs of change that may affect wall paintings and their environment.

Source of the description: EwaGlos, Vol. 17, 2016, p. 294.

Location: Detail:

Source of image: Porocilo o izvedenem 3D dokumentiranju poslikav v cerkvi sv. Helene v Gradiscu pri | Source of image: Porocilo o izvedenem 3D dokumentiranju
Divaci, Gasper Rutar, univ. dipl. arheolog, maj 2021. poslikav v cerkvi sv. Helene v Gradiscu pri Divaci, GaSper
Rutar, univ. dipl. arheolog, maj 2021.

Summer school, Gradisce pri Divacéi (Slovenia), Church of St. Helen, August 2021 10
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9. | NON-INVASIVE INVESTIGATION

Description:

The gathering of information on site using techniques that do not modify or damage the material at the contact point between the instrument or the beam emitted by the
instrument and the object surface.

Source of the description: Ewa Glos, Vol. 17, p. 256.
Photo:
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Source of image: Marta Bensa
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10. | OBJECT INVESTIGATION

Description:

A study in which information regarding the original form, materials and state of conservation of an object is obtained. For example observation under UV light and digital
microscope (such as Dino-lite).

Source of the description: EwaGlos, Vol. 17, 2016, p. 326.

CAD
reference: /

Photos:

Source of Image: Summer School August 2021
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11. | PIGMENT ANALYSIS

Description:

Determination of the nature of fine coloured insoluble materials (known as pigments).

Source of the description: Ewa Glos, Vol. 17, p. 248.
Photos:

CAD reference: /

Source of Image: Summer School August 2021
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12. | RAKING LIGHT

Description:
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The surface is lit, preferably using daylight-spots at a specific angle, in order to show the relief through shadow effects.

Source of the description: EwaGlos, Vol. 17, 2016, p. 262.

Photos:

Source of Image: Summer School August 2021
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13. [ SAMPLING

Description:

When material is extracted from a work of art or building for analysis or observation.

Source of the description: Ewa Glos, Vol. 17, 2016 p. 266.
Photo:

CAD reference: /

Source of Image: Anka Bati¢ and Katja Kavkler
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14. | STRATIGRAPHIC INVESTIGATION

Description:

The stepwise removal of covering paint layers for analysis and determination of the chronological order of successive paint layers.

Source of the description: EwaGlos, Vol. 17, 2016, p. 248.
Photo:

Source of image: Porocilo o izvedenem 3D dokumentiranju poslikav v cerkvi sv. Helene v Gradiscu pri Divaci, GaSper Rutar, univ. dipl. arheolog, maj 2021.
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15. | THERMOVISION

Description:

The camera converts that infrared data into an electronic image that shows the apparent surface temperature of the object being measured. Thermovision shows
differenc in conductivity of materials, it can show air pockets in wall structure.

Source of the description: hitps://www.flir.com/discover/rd-science/how-do-thermal-cameras-work/
Source of the photo: Institute for the Protection of Cultural Heritage of Slovenija, Nova Gorica Regional Office, Marta Bensa, Nova Gorica, 2. august 2021.

Photo:

Source of image: Termografsko porocilo, p.c.sv. Helene, Gradisce pri Divaci, Bojan Tezak, univ. Dipl. Inz. El., 5. 11. 2003.

Summer school, Gradis¢e pri Divaci (Slovenia), Church of St. Helen, August 2021
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1. ABSTRACT

Succursal church of St. Helen at Gradisce pri Divaci (EID 1-01566) was sampled and analysed using
non-invasive and invasive methods. Materials of mortars and paintings were identified, as well as
water-soluble salts and other degradation products. Conservation-restoration treatments were
monitored by non-invasive Raman spectroscopy, by analysis of some extracted samples and by
analysis of cotton swabs.

Additionally to material analyses, microclimatic monitoring was executed, showing relatively high RH

within the church. Some tests were carried out by infrared thermography.

2. INTRODUCTION

Succursal church of St. Helen at Gradisce pri Divaéi (EID 1-01566) was sampled and analysed using
non-invasive and invasive methods. Additionally to analysis of original materials, cleaning efficiency

was monitored.

3. SAMPLING, SAMPLE PREPARATION AND METHODS

a) Sample preparation
Samples extracted by scalpel were examined by stereomicroscope MIZSM-30BL. Selected particles of
paint layers were embedded into polyester resin, ground and polished to obtain cross section of paint

layers to use with different analyses methods.

b) Optical microscopy (OM)

Optical microscopy of cross- and thin-sections was performed in visible (VIS) and ultraviolet (UV)
light to obtain information of stratigraphy and mineral composition of selected samples.

Cross sections were examined by microscope Olympus BX-60 and digital camera SC50 (Olympus) in
reflected light at 200x to 500x magnification in visible and ultraviolet light.

Polished thin-sections were examined with transmitted polarised light by optical microscope

Olympus BX-60 and digital camera SC50 (Olympus).

¢) Fourier transform infrared spectroscopy (FTIR)

Raw samples were analysed with spectrometer Spectrum 100 connected with microscope Spectrum
Spotlight 200 (PerkinElmer). Layers were separated by scalpel and in some cases solvents of different
polarity were used to extract materials form the mixtures. All samples were analysed in transmission
mode, compressed in diamond anvil cell. Spectra were scanned using MCT detector in the range

between 4000 cm and 600 cm* with spectral resolution 4 cm, averaging 32 scans for each spectrum.

I/se pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 5/127
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d) Raman spectroscopy

Cross-sections and raw samples were analysed by Raman spectrophotometer LabRAM HR800
(Horiba Jobin-Yvon), connected to microscope Olympus BXFM, using laser with wavelength 785 nm
and CCD detector in the range between 80 cm- and 1800 cm at spectral resolution 1 cm-. Calibration

was performed using Si crystal. Time and filter were adapted to each sample.

e) Raman spectroscopy with portable spectrophotometer

Raman analysis was carried out in situ with Bruker BRAVO handheld Raman spectrophotometer. The
spectrophotometer features Duo LASER™ excitation with two wavelengths and enables precise
measurements in material identification (including dark, fluorescing and weak scattering samples).

f)  X-ray fluorescence spectroscopy (XRF)

X-ray spectroscopy was carried out with Bruker ELIO XRF portable spectrophotometer, which enables
detection and quantification of elements from Na to U.

g) Immunofluorescence microscopy (IFM)

It was carried out on Research Institute of the IPCHS by applying ovalbumin rabbit primary antibodies
and secondary FITC fluorocrome conjugated antibodies.

REMARK: Colours on photographs can differ from the real colours due to microscope or printer settings.

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 6/127
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4. MICROCLIMATIC MONITORING

a) October 2004 to March 2005

Sensors positions:
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|
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* Certain results are copied from older report on analyses of the Church St. Helen (GDC).
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b) December 2020 to August 2023

Sensors positions:

West (13) North (16) East (15) South (14)

LEGEND: T air, RH
All sensors

Relative humidity levels distribution
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5. INFRARED THERMOGRAPHY

a) Northern wall

b) Southern wall

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 9/127
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6. MATERIAL ANALYSES RESULTS

6.1 In situ Raman and XRF analyses

a) Raman analyses, June 2021

Gypsum

Location Colour Materials /calcite ratio*

Southern wall

1 white calcite

2 red calcite, haematite

3 red calcite

4 green calcite, gypsum, maybe green earth 600/3912 =0,153
5 green calcite, maybe gypsum, aluminium salts ?;%y/%eo6=0,236
6 green calcite, gypsum, maybe green earth 3790/3870=0,979
7 green calcite, gypsum 1537/2925=0,525
8 green calcite

9 green calcite

10 green calcite, gypsum, quartz, green earth 560/7880=0,071
11 green calcite, gypsum 630/3000=0,210

Vse pravice pridrgane. Za kakrinokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1”KDS RC. 10/127
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12 green calcite, gypsum 604/2790=0,216
13 red calcite, gypsum, quartz, haematite 345/2870=0,120
14 red calcite, gypsum, haematite 824/3490=0,236
15 red calcite, haematite

16 red calcite, quartz, haematite

17 red calcite, gypsum, quartz, haematite 1150/5200=0,221
18 ochre calcite, goethite

19 ochre calcite, gypsum, maybe goethite 225/4410=0,051
20 yellow calcite, gypsum 760/3200=0,238
21 ochre calcite, goethite

22 violet calcite, gypsum, haematite (presumably caput mortuum) 1680/2500=0,672
23 violet calcite, haematite (presumably caput mortuum)

24 carnation calcite, gypsum 210/4415=0,048
25 carnation calcite, gypsum 520/4680=0,111
26 blue calcite, gypsum, carbon black 490/2570=0,191
27 blue calcite, gypsum, carbon black, quartz 333/2835=0,117
28 blue calcite, gypsum, carbon black 2210/2675=0,826
29 blue carbon black

30 white calcite, quartz

Northern wall

31 green calcite, gypsum 275/3200=0,086
32 red calcite, gypsum, quartz 490/3530=0,139
33 ochre calcite, gypsum 890/3520=0,253
34 ochre calcite, gypsum, quartz 610/3560=0,171
35 violet calcite, gypsum, haematite (presumably caput mortuum) 770/4470=0,172
36 carnation calcite

37 blue calcite, gypsum, carbon black, maybe haematite 1475/2710=0,544
38 violet calcite, gypsum, haematite, nitrates (1050 cm™) 590/2825=0,209
39 green calcite, gypsum 355/2915=0,122
40 white calcite, gypsum 405/4375=0,093
41 ochre calcite, goethite

42 red calcite, gypsum, haematite, nitrates (1049 cm™) 105/4160=0,025

* In this column ratio between height of the gypsum band and calcite band are calculated. This is to approximate the amount of

gypsum in the analysed area.

V'se pravice pridriane. Za kakrsinokoli objave ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC.
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b) Raman analyses, August 2021

Southern wall

—_—

LEGEND:
R = Raman
X = XRF

Vse pravice pridrgane. Za kakrinokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1”KDS RC. 12/127
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Northern wall

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 13/127
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¢) XRF analyses, August 2021

LEGEND: R = Raman X = XRF

SAMPLING
NUMBER TABLE OF ELEMENTS RESULT
Xa glement gonce;tration clear presence of gypsum
a 0,10 .
Si 18, 56%0 chlorine
Cl 12,24 %
S 6,47 %
Xb glement (gji)zge;tration possible presence of gypsum, however due to
a 5 (]
S 3,06 % large error (5,46 %) doubtful
Fe 2,69 %
Xec glement ggrgcle;tration large amount of gypsum
a . 0
S 14,92 %
X¢ gilement Sgr;ie;tration iron oxide pigment
> 0 . .
Ca 43,75 % possible presence of copper pigment, however
Fe 5,52 % due to relatively large error (0,90 %)
o,
Cu 0.98 % questionable
Xd glement Conce;tration possible presence of gypsum, however due to
Sia Zg’gg 0/2 large error (4,20 %) doubtful
S 1,65 %
Xe Element Concentration ossible presence of gypsum, however due to
Ca 73,10 % p p gyp ,
Si 14,55 % large error (4,64 %) doubtful
Ar 5,91 % unclear origin of argon
S 3,53 %

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 17/127
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6.2 Microscopic and spectroscopic analyses on extracted samples

Table 1: List of extracted samples.

WORKING

CODE SAMPLE TYPE MICROLOCATION OF THE SAMPLE

GDC1 algae N wall, corner beside triumphal arch, algae on plaster surface

GDC 2 plaster, algae N wall, beside triumphal arch, white border above paintings

GDC3 paint layer N wall, man with bundle over shoulder, grey left boot

GDC4 paint layer green background between horse legs

GDC 5 paint layer man with instrument, green drapery, brighter green

GDC6 paint layer man with instrument, green drapery, darker green, fold, compare with
GDC5

GDC7 paint layer horse on right edge of painting, harness, grey area, over red ground?

GDC8 paint layer horse on right edge of painting, circular pattern on neck, brighter red

GDCo paint layer horse on right edge of painting, circular pattern on neck, darker red

GDC 10 paint layer king on the reddish horse, king's right leg, violet

GDC 11 paint layer king on the reddish horse, dark red drapery, on left edge, dark red
over ochre?

GDC 12 paint layer king on the reddish horse, dark red harness, belt, dark red edge

GDC 13 paint layer white horse on right side of the painting, right front leg, white
background

GDC 14 paint layer white horse on right side of the painting, right front leg, white
decorative point

GDC 15 paint layer bright brown horse, circular pattern on the neck, dark ochre

GDC 16 paint layer bright brown horse, circular pattern on the neck, bright ochre

GDC 17 paint layer S wall, W corner, 30cm above ground, surface plaster for salts

GDC 18 paint layer W wall, S corner, 30cm above ground, under visible humidity level,
very hard surface (sinter?), for salts

GDC 19 paint layer presbytery, N wall, under window, 40cm above ground, mould,
carnation, detached plaster, traces of water leaking, for salts

GDC 20 paint layer N wall, rider on yellow horse, right hand, carnation, retouching or
secco, thin layer on plaster, detached

GDC 21 paint layer hunter with catch over shoulder, right hand, carnation

GDC 22 paint layer back right leg of horse, pink, probably fresco, binder analysis

GDC 23 paint layer hunter with catch over shoulder, right hand, carnation, binder
analysis

GDC 24 plaster plaster, N wall, ornament above the floor, between lines

GDC 25 mortar mortar, outer N wall, between stone bricks

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 18/127



GDC ANALIZE in PREISKAVE — NO RC @
GDC 28 coating layer coating layer, N wall, left from the window, man with a flute, nose,
just coating, sampled with diamond stick
GDC 29 coating layer coating layer, N wall, brown horse in front, back left leg, probably wax
stain
GDC 30 paint layer white, N wall, white horse, left from the tail, BaOH
GDC 31 paint layer white, N wall, white horse, left leg, under knee of brown horse, BaOH,
ammonium bicarbonate, Japanese paper
GDC 32 paint layer dark white, N wall, left from the window, man with a flute, hat,
coating layer
GDC 33 paint layer dark green, N wall, left from the window, king, sleeve
GDC 34 paint layer black with orange fluorescence, right of the door, window, ornament
bottom right
GDC 35 paint layer light violet, S wall, grave, anionic resins
GDC 36 paint layer white, S wall, right of the window, under 15t niche, frame, cleaned with
water
GDC 37 paint layer white, S wall, right of the window, under 15t niche, frame, under GDC
36, BaOH
GDC 38 paint layer white, S wall, right of the window, under 15t niche, frame, under GDC
37, BaOH and ammonium bicarbonate, poultice
GDC 39 paint layer red, S wall, right from the window, under 15t niche, right scene,
background between figures, blue pigment?, ammonium bicarbonate
with poultice
GDC 40 paint layer white, S wall, right of the window, under 15t niche, frame, left from
yellow drapery
GDC 41 algae algae, presbytery facade
GDC 42 algae algae, presbytery facade
GDC 43 algae algae, presbytery facade
GDC 44 incrustation white material, N wall, between trees, left from fox; white haze
appears after cleaning with ammonium carbonate
GDC 45 paint layer red, N wall, man on left, his back, sinter on surface of paint layer
GDC 46 paint layer green, N wall, grass under bottle, while cleaning with ammonium
bicarbonate salts appear on surface
GDC 47 paint layer red, N wall, red horse of the king, his back, coating

I/se pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 19/127



GDC ANALIZE in PREISKAVE — NO RC

Northern wall
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V'se pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasie Z1VKDS RC. 20/127



GDC

ANALIZE in PREISKAVE — NO RC 2]

SAMPLE CODE

GDC1

SAMPLE CODE

GDC 2

SAMPLE CODE

GDC 3

SAMPLE MICROLOCATION
N wall, corner beside triumphal arch, algae on plaster surface

REMARK: Samples that were analysed before and
were not relevant for present study are only listed

in this report and no results are shown.

SAMPLE MICROLOCATION

N wall, beside triumphal arch, white border above paintings

SAMPLE MICROLOCATION

N wall, man with bundle over shoulder, grey left boot

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 21/127



GDC ANALIZE in PREISKAVE - NO RC @

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

5- transparent
layer

4- black

3- red | i ='7‘.

2- black ' J

1- plaster ‘ VIs| »
VIS A

FTIR spectroscopy

Results
- calcite
- hydrated alumosilicates

- gypsum

SEM EDS

S00m.

I 300pm 1 ! 300pm 1
mapping image Al C

Vse pravice pridrgane. Za kakrinokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1”KDS RC. 22/127



GDC ANALIZE in PREISKAVE - NO RC 2]

Detail:

SAMPLE CODE SAMPLE MICROLOCATION

green background between horse legs

V'se pravice pridriane. Za kakrsinokoli objave ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 23/127



GDC ANALIZE in PREISKAVE - NO RC @

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent
layer

3- green
2- whitewash
1- plaster

FTIR spectroscopy

Results
- calcite
- green earths

- gypsum

IFM

(photograph: J. Kosel)

SEM EDS

mapping image C Ca

Vse pravice pridriane. Za kakrinokoli objavo ali drugo uporabo gradiva je potrebno soglagie Z1”KDS RC. 24/127



GDC ANALIZE in PREISKAVE - NO RC 2]

I 300pm 1 ! 300pm 1
Fe K

I 300pm 1 ! 300pm 1 ! 300pm 1

P S Si
SAMPLE CODE SAMPLE MICROLOCATION

green background between horse legs

GDC 5

STRATIGRAPHY

5- transparent
layer

4- green
3-red

2- whitewash
1- plaster

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1"KDS RC. 25/127



GDC ANALIZE in PREISKAVE - NO RC 2]

FTIR spectroscopy

Results

- calcite

- green earths
- silicates

IFM

(photograph: J. Kosel)

SEM EDS

! 300pm 1
mapping image

I 300pm 1 ! 300pm 1

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 26/127



GDC ANALIZE in PREISKAVE - NO RC 2]

I 300pm 1
Ca

SAMPLE CODE SAMPLE MICROLOCATION

man with instrument, green drappery, darker green, fold, compare with GDC 5

E"‘uf
L

o X

GDC 6

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent
layer

3- green
2- red
1- plaster

FTIR spectroscopy

Results
- calcite
- green earths

- gypsum
- oxalates

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1"KDS RC. 27/127



GDC ANALIZE in PREISKAVE - NO RC 2]

SEM EDS

' 250pm ! ! 250pm !

Al Kal S Kal

' 250um ' ' 250pm !

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 28/127



GDC ANALIZE in PREISKAVE — NO RC &

Na Kal,2 Cl Kal

' 250pm ' ' 250um '

K Kal Fe Kal

' 250um ! ! 250um !

SAMPLE CODE SAMPLE MICROLOCATION

horse on right edge of painting, harness, grey area, over red ground?

GDC 7

I/se pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 29/127



GDC ANALIZE in PREISKAVE - NO RC 2]

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent
layer

3- grey
2- red
1- plaster

SEM EDS

Electron Image 6 Ca K(Xl

250pm !

' 250pm !

Si Kal

' 250um ' ' 250um '

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 30/127



GDC ANALIZE in PREISKAVE — NO RC @

Mg Kal,2 Br Lal,2

' 250pm ! ' 250pm !

S Kal Na Kal,2

' 250um ' ' 250um '

K Kal

' 250pm !
SAMPLE CODE SAMPLE MICROLOCATION
GDC S8 horse on right edge of painting, circular pattern on neck, brighter red

I/se pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1”KDS RC. 31/127



GDC ANALIZE in PREISKAVE - NO RC ®

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- transparent
layer

2-red
1- plaster

FTIR spectroscopy

Results
- calcite
- silicates

SAMPLE CODE SAMPLE MICROLOCATION

horse on right edge of painting, circular pattern on neck, darker red

GDCo

Vse pravice pridrgane. Za kakrinokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1”KDS RC. 32/127



GDC ANALIZE in PREISKAVE - NO RC 2]

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- transparent
layer

2-red
1- plaster

Raman spectroscopy

Layer 2 Results
Tt .
WWW - calcite
5 - haematite

w M“m

o gt M - gypsum
. W«"(MAM ”““M.
g My,

“""M M‘m
w P, Jud\“w -
W“Aww MMM
g, o
0. MMV"”"‘NMMJ ]
SAMPLE CODE SAMPLE MICROLOCATION

horse on right edge of painting, harness, grey area, over red ground?

GDC 10

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

5- transparent
layer

4- dark red

3- bright red
2- bright ochre
1- plaster

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 33/127



GDC ANALIZE in PREISKAVE - NO RC ®
Raman spectroscopy
Layer 4 Results
1ol ane
‘ L\ =G calcite
: - haematite (possibly synthetic)
Al
' h
Lo
IR
t’h
4
it
-
I R S S \ ,
SN LT AL I A A
e Sl R A e R
S I S e
Layer 3 Results
: - calcite
L .
Ml - haematite
o
M
. Mm
‘ -
‘ o
mf"mw A
qu
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MMW‘WM
Layer 2 Results
Al —
il = caled
bl calcite

M% l - haematite
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GDC 10 spectrum 34
Element App Intensity Weight% Weight%
Atomic%
Conc. Corrn. Sigma
CK 39.97 0.5588 23.05 2.02 32.96
OK 64.31 0.4008 51.71 2.00 55.50
SiK 0.58 0.8614 0.22 0.17 0.13
SK 19.38 0.9618 6.49 0.43 3.48
CaK 56.83 0.9887 18.52 0.91 7.94
Vse pravice pridrane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1”KDS RC. 34/127



GDC ANALIZE in PREISKAVE — NO RC @
GDC 10 spectrum 35 GDC 10 spectrum 37
Element App Intensity Weight% Weight% Element App Intensity Weight% Weight%
Atomic% Atomic%
Conc. Corrn. Sigma Conc. Corrn. Sigma
CK 43.05 0.7968 18.41 1.75 27.43 CK 19.89 0.3251 15.72 3.97 22,72
OK 58.44 0.3772 52.78 2.05 59.06 OK 150.54 0.7280 53.12 2.94 57.63
Na K 1.14 0.6137 0.63 0.35 0.49 Na K 15.53 0.7566  5.27 0.67 3.98
MgK 1.67 0.6058 0.94 0.28 0.69 AlK 16.98 0.7796  5.59 0.61 3.60
SiK 1.21 0.8323 0.50 0.21 0.32 SiK 55.18 0.8022 17.67 1.20 10.92
CIK 2.17 0.8471 0.87 0.23 0.44 CIK 0.61 0.7147  0.22 0.23 0.11
KK 1.80 11422  0.54 0.23 0.25 CaK 8.91 0.9507 2.41 0.41 1.04
CakK 75.15 1.0107  25.33 1.21 11.31

GDC 10 spectrum 36
Element App Intensity Weight% Weight%

Atomic%
Conc. Corrn. Sigma GDC 10 spectrum 38
Element App Intensity Weight% Weight%
CK 83.99 0.7871  38.53 1.97 49.68 Atomic%
OK 47.74 0.3866  44.58 2.13 43.16 Conc. Corrn. Sigma
Na K 1.41 0.6780 0.75 0.33 0.50
Mg K 2.09 0.6544 1.15 0.27 0.74 CK 25.28 0.5655 13.23 1.73 22.41
SK 0.93 0.9562 0.35 0.17 0.17 OK 160.53 0.9621  49.40 1.53 62.80
CIK 4.55 0.8360 1.96 0.27 0.86 MgK 1.07 0.4645 0.69 0.25 0.57
KK 1.75 1.0845 0.58 0.21 0.23 SiK 2.09 0.7099 0.87 0.20 0.63
CakK 33.07 0.9876 12.09 0.69 4.67 PK 0.68 1.1090 0.18 0.17 0.12
CIK 0.66 0.7939 0.24 0.17 0.14
CaK 10.69 1.0431  3.03 0.29 1.54
FeK 93.58 0.8564 32.35 1.26 11.78
SAMPLE CODE SAMPLE MICROLOCATION
king on the reddish horse, dark red drapery, on left edge, dark red over ochre?
GDC 11
J il 8 A
STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY
5- transparent
layer
4-red
3- bright red
2- ochre
1- plaster

Vise pravice pridrgane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglasje Z1VKDS RC. 35/127



GDC

ANALIZE in PREISKAVE — NO RC

Raman spectroscopy

Layer 5 Results

- M‘W - possibly vermilion

- WWWM Bad spectra, difficult to

) %NWW interpret.

B me%

- -

e MM“W«M

. W“‘Mw‘m’

AWWWW»,
Layer 4 Results
iy, ] .

- w:m::ﬁwﬁ - haematite

. W\(Wj\ ili

. e - vermilion

e - calcite
st
o - possibly nitrates
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GDC 11 spectrum 41

Element App

Intensity Weight% Weight%

Atomic%

Conc. Corrn. Sigma
CK 66.10 0.7818 22.82 2.66
OK 69.87 0.3730 50.57 3.08
Mg K 1.13 0.6227 0.49 0.37
AlK 0.68 0.7419  0.25 0.32
SiK 4.18 0.8460 1.33 0.36
SK 1.32 0.9469 0.38 0.28
CIK 2.12 0.8395 0.68 0.33
KK 1.95 1.1301 0.47 0.33
CaK 85.72 1.0057 23.01 1.66

GDC 11 spectrum 43
Element App

GDC 11 SPECTRUM 40

Element App

Atomic%

Conc.
CK 96.00
OK 54.28
Na K 1.57
MgK 1.72
SiK 4.90
SK 1.42
CIK 4.24
KK 1.19
CaK 20.23

Intensity Weight% Weight%

Corrn.

0.7365
0.4125
0.7012
0.6720
0.8721
0.9385
0.8188
1.0574
0.9784

43.33
43.74
0.75
0.85
1.87
0.50
1.72
0.37
6.87

Sigma

2.09
2.17
0.33
0.25
0.25
0.19
0.28
0.20
0.51

53.68
40.68
0.48
0.52
0.99
0.23
0.72
0.14
2.55

Atomic%

Conc. Corrn.
CK 56.60 0.5469
OK 114.42  0.6295
MgK 4.05 0.5500
SiK 13.00 0.7738
SK 0.64 0.8764
CIK 2.78 0.7905
KK 2.04 1.0635
CaK 17.75 1.0088
TiK 1.17 0.8438
FeK 62.44 0.8283

25.25
44.34
1.80
4.10
0.18
0.86
0.47
4.29
0.34
18.39

Intensity Weight% Weight%

Sigma

2.76
2.38
0.33

0.37
0.18

0.22
0.20
0.40
0.23
1.27

33.02
54.93
0.35
0.16
0.82
0.20
0.33
0.21

9.98

37.68
49.68
1.32
2.62
0.10
0.43
0.21
1.92
0.13
5.90

V'se pravice pridriane. Za kakrsnokoli objavo ali drugo uporabo gradiva je potrebno soglase Z1KDS RC.
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GDC ANALIZE in PREISKAVE - NO RC ®
GDC 11 spectrum 46
Element App Intensity Weight% Weight%

Atomic%

Conc. Corrn. Sigma

CK 461.22  1.1933  70.10 2.48 76.73
OK 47.99 0.3270 26.62 2.56 21.87
SiK 11.70 0.9307 2.28 0.25 1.07
CakK 5.39 0.9768 1.00 0.21 0.33

SAMPLE CODE SAMPLE MICROLOCATION

king on the reddish horse, dark red harness, belt, dark red edge

GDC 12

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4~ transparent
layer

3-red

2- white

1- plaster

FTIR spectroscopy
Results

calcite
silicates

Raman spectroscopy

Layer 3 Results

- haematite

- calcite
- gypsum
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B M"‘WNMM, J'W,,. # wwm.wVm»»w\mmwww \M P -
ot -
P M“’“"W\w i """““‘Mfammv,ml
> B EIPATY N l
g, |
T

Vse pravice pridrgane. Za kakrsnokoli objavo ali drugo nporabo gradiva je potrebno soglasje Z1VKDS RC.
37/127



GDC ANALIZE in PREISKAVE — NO RC @

SEM EDS

GDC 12 spectrum 55
Element App Intensity Weight% Weight%

Atomic% GDC 12 spectrum 58
Conc. Corrn. Sigma Element App Intensity Weight% Weight%
Atomic%
CK 84.96 0.6942 2873  1.68 41.77 Conc.  Corrn. Sigma
OK 99.06 0.5314 43.76 1.85 47.76 CK 6
MgK 124 0.5530 0.53 0.24 0.38 324 0.6158 2593 271 41.52
AlK 1.07 0.6738 0.37 0.20 0.24 OK 103.96  0.6993 37.54  2.68 45-12
SiK 3.27 0.7844 0.98 0.21 0.61 SiK 215 0.7331  0.74 0.32 0.51
ClK 2.23 0.8153 0.64 0.20 0.32 CIK 1.33 0.8034  0.42 0.30 0.23
KK 1.85 10895  0.40 0.19 0.18 KK 1.73 1.0890 0.40 0.31 0.20
CaK 37.19 1.0168  8.59 0.53 3.74 CaK 11.81 1.0405 2.87 0.52 1.38
FeK 55.04 0.8206 16.00 111 5.00 FeK 108.18 0.8508 32.11 2.29 11.06
SAMPLE CODE SAMPLE MICROLOCATION

white horse on right side of the painting, right front leg, white background

l”';{‘,,

:-‘t

GDC 13

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 38/127



GDC ANALIZE in PREISKAVE - NO RC 2]

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent
layer

3- bright pink
(locally)

2- white
1- plaster

SAMPLE CODE SAMPLE MICROLOCATION

white horse on right side of the painting, right front leg, white decorative point

GDC 14

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent UVFE
layer

3- white
2- white

1- plaster

FTIR spectroscopy

Results

- gypsum
- calcite

No organic materials, fluorescence probably origins from salts.

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 39/127



GDC ANALIZE in PREISKAVE — NO RC 2]
Raman spectroscopy
Layer 3 Results
I Foy K
ﬁ W - calcite
ek
L
M‘W"‘\m ; - gypsum
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SAMPLE CODE SAMPLE MICROLOCATION

bright brown horse, circular pattern on the neck, dark ochre

GDC 15

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- transparent
layer

3- ochre
2- bright ochre
1- plaster

SAMPLE CODE SAMPLE MICROLOCATION

GDC 16 bright brown horse, circular pattern on the neck, bright ochre

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 40/127



GDC ANALIZE in PREISKAVE - NO RC 2]

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- transparent
2- light brown

1- plaster
VIS 1
FTIR spectroscopy
Results
- calcite
- silicates
- gypsum
SAMPLE CODE SAMPLE MICROLOCATION
S wall, W corner, 3ocm above ground, surface plaster for salts
GDC 17
SAMPLE CODE SAMPLE MICROLOCATION
W wall, S corner, 30cm above ground, under visible humidity level, very hard
GDC 18 surface (sinter?), for salts

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 41/127



. N
GDC ANALIZE in PREISKAVE — NO RC ]
SAMPLE CODE SAMPLE MICROLOCATION
presbytery, N wall, under window, 40cm above ground, mould, carnation,
GDC 19 detached plaster, traces of water leaking, for salts
Water soluble salts
Test | Aquamerck
type
conductivity CO3 =
Specimen| pH uS/cm Cl- SO42 | NO3- | alkal. | Ca2t | Mg?2* Na * K+
% % % % % % % %
GDC 17 6 2321 1,7 1,5 0,8 0,6 0,3 0,0 0,0 0,0
GDC 18 7 149,8 0,6 1,1 0,0 0,6 0,1 0,0 0,0 0,0
GDC 19 7 185,9 0,5 0,6 0,0 0,5 0,2 0,0 0,0 0,0
Repeated test
Test | Aquamerck
type
Specimen | pH | conductivity | Cl1- | SO42 | NO3- | CO3 2 | Ca2* | Mg Na+ | K+
uS/cm alkal. 2
% % % % % % % %
GDC 19 6 175,7 0,1 |18 0,0 0,4 0,3 1,3 err. err.
SAMPLE CODE SAMPLE MICROLOCATION
N wall, rider on yellow horse, right hand, carnation, retouching or secco, thin
layer on plaster, detached
GDC 20

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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GDC ANALIZE in PREISKAVE - NO RC 2]

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4~ transparent
layer

3-red
2- light pink
1- plaster

FTIR spectroscopy

Results

- calcite

- gypsum
- silicates

SAMPLE CODE SAMPLE MICROLOCATION

hunter with catch over shoulder, right hand, carnation

GDC 21

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- pink (locally)
2- light pink

1- plaster
FTIR spectroscopy Results
- calcite
- gypsum
- silicates

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 43/127



GDC ANALIZE in PREISKAVE — NO RC @

SAMPLE CODE SAMPLE MICROLOCATION

back right leg of horse, pink, probably fresco, binder analysis

GDC 22
SAMPLE CODE SAMPLE MICROLOCATION
hunter with catch over shoulder, right hand, carnation, binder analysis
GDC 23
STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY
3- transparent
layer ——
2- ochre )
VIS 1
1- plaster
e S
FTIR spectroscopy
Results
- calcite
- gypsum

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 44/127



GDC ANALIZE in PREISKAVE — NO RC

IFM

(photograph: J. Kosel)

Amount of humidity in the samples

(dried 3h / 50°C)
Specimen mass wet mass dry | humidity
g g %

GDC 21 0,2335 0,2267 2,01
GDC 22 0,0126 0,0121 3,97
GDC 23 0,015 0,0138 8,00

SAMPLE CODE SAMPLE MICROLOCATION

mortar, N wall, ornament above the floor, mortar between the lines
GDC 24

MACROSCOPIC DESCRIPTION

On the surface of the mortar, there is a layer of paint. This is followed by the mortar.
Macroscopically, the plaster does not seem to consist of several layers. A very fine-grained aggregate
is visible, mostly grey and rarely brownish. The binder is white, perhaps slightly brown.

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 45/127



GDC ANALIZE in PREISKAVE — NO RC

MICROSCOPIC DESCRIPTION

Upper layer

Structure:

- sorting of aggregate: medium

- roundness of aggregate: semi-angular and angular

- size of aggregate: 0.05-0.65 mm, average 0.17 mm

- ratio aggregate/binder=predominant binder

- ratio silicate/carbonate aggregate= only silicate aggregate

Composition:
- quartz

- feldspar
- siltstones and mudstones

Binder:

- lime

- very cracked, porous

- recrystallized in some parts

Lower layer

Structure:

- sorting of aggregate: medium

- roundness of aggregate: semi-angular and angular

- size of aggregate: 0.05-0.56 mm, average 0.18 mm

- ratio aggregate/binder=predominant binder

- ratio silicate/carbonate aggregate= only silicate aggregate

Composition:
- quartz

- feldspar
- lithic grains of quartz sandstones, mudstones and siltstones

Binder:
- lime
- very cracked, porous

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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GDC ANALIZE in PREISKAVE — NO RC

Sample GDC 24. An arrow marks the boundary between the upper and lower mortar layers. Translucent light (left IT

polars, right + polars).

FTIR spectroscopy

Both mortar layers Results
- calcite
- quartz

%T

oo 3500 3000 2500 2000 1500 1000 S0 ats

Name Description
GDC 24 vezivoa 1 Sample 001 By maja Date Thursday, July 08 2021

SAMPLE CODE SAMPLE MICROLOCATION

facade mortar, N wall, joint mortar between stones

GDC 25

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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GDC ANALIZE in PREISKAVE — NO RC @

MACROSCOPIC DESCRIPTION

The sample is very similar to that of GDC 24. The aggregate is predominantly grey in colour and is
very fine grained. The binder is white to light brown.

MICROSCOPIC DESCRIPTION

Structure:

- sorting of aggregate: medium

- roundness of aggregate: semi-angular and angular

- size of aggregate: 0.05 — 0.46 mm, average 0.16 mm

- ratio aggregate/binder = predominant binder

- ratio silicate/carbonate aggregate = only silicate aggregate

Composition:
- quartz

- feldspar
- quartz sandstones

Binder:
- lime
- very cracked, porous

- recrystallized in some parts

Sample GDC 25. Translucent light (left II polars, right + polars).

FTIR spectroscopy

Results
- calcite
- quartz

9T

W00 3500 3000 250 2000 1500 000 S0 ats
1

aaaaaaaaaaaaaaaaa
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GDC ANALIZE in PREISKAVE - NO RC 2]

SAMPLE CODE SAMPLE MICROLOCATION

red, S wall, left from window, older painting, scene with Crucifixion, fragment

right up
GDC 26
REMARK: sample was taken in frames of another
project (Digital corpus of Slovene mediaeval wall
painting) and results are not shown here
SAMPLE CODE SAMPLE MICROLOCATION
blue, S wall, left from window, older painting, scene with Crucifixion, fragment
right up
GDC 27
REMARK: sample was taken in frames of another
project (Digital corpus of Slovene mediaeval wall
painting) and results are not shown here
SAMPLE CODE SAMPLE MICROLOCATION
coating layer, N wall, left from the window, man with a flute, nose, just coating,
sampled with diamond stick
GDC 28
FTIR spectroscopy
Results
- calcite
- gypsum

- calcium oxalate

- probably nitrates (825 cm;
Rey et al., 2005)

- probably carboxylates (1560
cm)

Name
GDC28in29¢ 1.1 Sample 003 By katja
GDC28in29d 11 Sample 004 By katja Date Tues:

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 49/127



GDC ANALIZE in PREISKAVE — NO RC

SAMPLE CODE SAMPLE MICROLOCATION

coating layer, N wall, brown horse in front, back left leg, probably wax stain

GDC 29
FTIR spectroscopy
Results
i
il - calcite
- gypsum
- alumosilicates

A 3500 3000 2500 2000 1500 1000 600

Name Description
GDC28in 2911  Sample 006 By katja Date Tuesday, January 04 2022
GDC28in29g_1 1 Sample 007 By katja Date Tuesday, January 04 2022

SAMPLE CODE SAMPLE MICROLOCATION

white, N wall, white horse, left from the tail, BaOH

GDC 30

- probably calcium oxalate
- calcium carboxylate

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z1'KDS RC) is required
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GDC

ANALIZE in PREISKAVE — NO RC

STRATIGRAPHY

5- coating/ salts

4- red and black
particles

3- white
2- ochre
1- plaster

Raman spectroscopy

Layer 4

VIS PHOTOGRAPHY
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Raman i e’}

UVF PHOTOGRAPHY

Results

- haematite

- calcite

- nitrates (1048 cm; Tang et
al., 2014)

Results
- calcite

Results

- calcite

- goethite

- haematite

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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GDC ANALIZE in PREISKAVE — NO RC "
Layer 1 Results
T o - calcite
h “—lm
™,
N
. L |
N ! S >
o wwm,./’ """“m"«wm. ) "y
N
s Wi, A 7
Ty N
R -
SAMPLE CODE SAMPLE MICROLOCATION
white, N wall, white horse, left leg, under knee of brown horse, BaOH,
ammonium bicarbonate, Japanese paper
B
GDC 31
STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- coating/ salts
2- white
1- plaster

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 52/127



N
GDC ANALIZE in PREISKAVE — NO RC ®
Raman spectroscopy
Layer 2 Results
224l - calcite
1 - nitrates
’ ! . .
oot JMIM\O w? S - kaolinite
w M‘M’N\‘MM H""MM
E | w‘wm‘"‘“’w " My '\Jw‘
A A« A o, ; Y
[ J N iy Py ™ i
7 ottt b, S ) = -
g, T i
WL
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e b
Layer 1 Results
i - calcite
! - kaolinite
it
it ——
LN A N A R
. :)J}‘\ T =
I e
i e,
cobre /\ . =
L | =
SAMPLE CODE SAMPLE MICROLOCATION
dark white, N wall, left from the window, man with a flute, hat, coating layer
GDC 32

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

2-red
1- plaster

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 53/127



GDC ANALIZE in PREISKAVE — NO RC #
Raman spectroscopy
Layer 2 Results
- vermilion
e - calcite
- probably kaolinite
4.000- A 0 i |
‘‘‘‘‘‘ TN A A e R s A
Results
- calcite
]
u
IVAM ‘
. WW"MM ‘
M»%mw\ JL’M‘
WM*
Pty
150 T WA
Loo- e 2 *\"A‘A’\‘\rw
FTIR spectroscopy
Layer coating Results
i N A - calcite
’ ' - gypsum
| No visible vibrations for
organic materials. Probably
5 just gypsum and impurities.

cm-1
Name Description
GDC 32 premaz 3 1.1 Sample at 5729.00 um (X), -2767.00 um (¥), -4092.00 um (2)
———— GDC32premaz4_1 1 Sample at5769.00 jm (X), -2815.00 um (Y), -4092.00 pm (2)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 54/127



GDC ANALIZE in PREISKAVE - NO RC ®

SEM EDS

Electron Image 1

Ca Kal

Si Kal Al Kal

: 100pm y

Mg Kal,2 Na Kal,2

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 55/127



GDC ANALIZE in PREISKAVE — NO RC 2]

S Kal K Kal

SAMPLE CODE SAMPLE MICROLOCATION

dark green, N wall, left from the window, king, sleeve

4
A

GDC 33

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3-red

2- green with red
particles

1- plaster

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 56/127



GDC ANALIZE in PREISKAVE - NO RC ®

Raman spectroscopy

Layer 3 Results
- calcite
- haematite
- kaolinite
SN,
qqqqq S — *«; ’
Layer 2 Results
\ - calcite
il - goethite
AN - probably green earth
i ) . .
it - kaolinite
w"‘”\mm
fh ’MMW
'MW“*« o,
'*‘\ \‘ M M WWW**MJ‘M/\
et ,\‘”‘ wm""'/\ Y “W“Mm.v""w
: ] ”wwm\» e I s,
W \ T T
A \M\MJ\V”WW«MA A {‘ -
BT VA L
Layer 1 Results
- calcite
Y 0. —
'"“““”"”/\“M.Wm
FTIR spectroscopy
Layer 3 Results
. - calcite
) - green earth
- calcium oxalate or proteins
s

L D33 seza2.1 Sampe at 1291.00 um (0. -3787.00 um (V). -3745.00 um (2)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 57/127



GDC ANALIZE in PREISKAVE — NO RC @
Layer 2 Results
“ - calcite
. - green earth
" JL - calcium oxalate or proteins
B s
a— w5 . = e
D33 re1op 111 Sampleat 2126.004m (X 595000 (1), 74500 ur @
SAMPLE CODE SAMPLE MICROLOCATION

black with orange fluorescence, right of the door, window, ornament bottom
right

GDC 34

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- whitewash, the
remnantt

3- coat layer, the
remnant, orange
fluorescence

2- black , v
1- plaster

50 um

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 58/127



GDC ANALIZE in PREISKAVE - NO RC 2]

Raman spectroscopy

Layer 2 Results
o ™,
oo, - maybe carbon black
s o0 et
vaw,w.., ’wﬂmm"N’“‘""h”wf'v‘tw\h \‘MW
Pt
;;;;;; e .
i, - =
i ‘M.,ﬂw«mw’w""" L Mg N 1
me"w/’ i \\,ﬂm .

FTIR spectroscopy

Layer all Results
E A - calcite

\ (i - silicates (3680 cm™), probably

magnesium silicate (Kaste et

N al., 1998) or kaolin (Abazi,

2016)

- calcium oxalate or proteins

4600 3500 3600 2500 2000 1500 1600 600
cm-1
Name Description
— GDC34a 11 Sample at6382.00 um (X), -2532.00 um (), -4076.00 um (2)
— GDC34c_11 Sample al 6415.00 um (X), -2648.00 um (Y), -4076.00 um (2)

Layer 4 (maybe 3 as well) Results

i n - calci
— 7t \j//“\[\\ f “/A\ Hq\ / calcite

: \ N \ /‘\ | - kaolin

\
. \p\ \ / \ / y - proteins or calcium oxalate

4600 3500 3000 2500 2600 1500 1600 600
cm-1
Name Description
GDC 34 belez2 11 Sample at 6318.00 um (X), -3346.00 um (¥), -4095.00 um (2)
GDC 34 belez4_1_1  Sample at 6436.00 um (X), -3330.00 um (¥), -4095.00 pm (2)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 59/127



GDC

ANALIZE in PREISKAVE — NO RC

Layer 3 (maybe also border layers)

102
101

B

= N
\/ﬂ \NJ/N \‘

|
z

1 L

%T

Results
- calcite
- silicates
/ - proteins or calcium oxalate

a 3500 a

2500 2600 1500

Name Descr
GDC34cmaz 11 Sample at 7017.00 um (X), -3099.00 um (¥Y), -4095.00 um (2)
GDC34cma3 11 Sample at 6957.00 um (X), -3036.00 um (¥Y), -4095.00 um (2)

Extraction with ethyl acetate

102-
100

Results
- wax-like material
- probably carboxylates

a 3500 2500 2000 1500

Name Description
GDC34EtAc1 1 1 Sample al 1155.00 um (X), -3957.00 um (Y), -3941.00 ym (2)
— GDC34EiAc4_1_1 Sample at950.00 um (X), -3933.00 um (Y), -3941.00 pm (2)

Extraction with chloroform

1021
10

%T
g

1000 600

Results
" - calcite
- probably oxalates
- nitrates (probably calcium,

potassium and sodium nitrate)

A 3500 3000 2500

em-1

2000 1500

Name Description
GDC 34 Kloroform 2_1_1  Sample at 1064.00 m (X), -3804.00 ym (Y), -3941.00 ym (2)

GDC 34 Kloroform 3_1 1 Sample at 1136.00 um (X), -3970.00 m (), -3941.00 ym (2)

Extraction with hot distilled water

102
100

\ | \\
: \\ f@/ \

%T
a

1000 600

Results
/ - calcite

- calcium oxalate

W
// ‘ Nv - unidentified material

a 3500 3000 2500

cm-1

2000 1500

Name Description
GDC34aq2_1.1 Sample at 720.00 um (X), -3831.00 um (¥), -3950.00 um (2)
GDC342aq5_1 1 Sample at 1229.00 um (X), -3612.00 um (Y), -3950.00 um (2)

1000 600

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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GDC ANALIZE in PREISKAVE - NO RC 2]

SAMPLE CODE SAMPLE MICROLOCATION

light violet, S wall, grave, anionic resins

GDC 35

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

2- red
1- plaster

Raman spectroscopy

Layer 2 Results
@3 - haematite

= anc3st

2

- calcite

- probably sodium nitrate (1068

cm; Vargas Jentzsch et al.,
u 2013)

o 1o
Raman i e’}
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GDC ANALIZE in PREISKAVE — NO RC |
SAMPLE CODE SAMPLE MICROLOCATION
white, S wall, right of the window, under 15t niche, frame, cleaned with water
GDC 36
(label G)

STRATIGRAPHY VIS PHOTOGRAPHY

2- white with red
particles

1- plaster

Raman spectroscopy

Layer 2

UVF PHOTOGRAPHY
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Results
- calcite
- maybe gypsum (sp. a)
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GDC ANALIZE in PREISKAVE - NO RC 2]

FTIR spectroscopy

Layer 2 Results

- calcite
- calcium oxalate

- proteins (visible in part of the
sample as thin layer on

%T

MN\L \ surface)

f |,

3500 3000 2500 2000 1500 1000 600
cm-1

o

5

Name Description
GDC36a_1_1 Sample at 1483.00 pm (X), -2156.00 um (¥), -3745.00 pm (2)
GDC36e 11 Sample at 1204.00 um (X), -2433.00 um (¥), -3745.00 pm (2)
GDC36111  Sample at 1370.00 pm (X), -2921.00 um (¥), -3745.00 pm (2)

Extraction with hot distilled water Results
- nitrates (probably calcium,
potassium and sodium nitrate)

A 3500 3000 2500 2000 1500 1000 600
cm-1
Name Description
GDC36aq2 11 Sample at 1844.00 um (X), -3407.00 um (¥), -3937.00 pm (2)
GDC36aq3 11 Sample at 1860.00 um (X), -3776.00 um (¥), -3937.00 pm (2)

SEM EDS

Electron Image 2

Ca Kol

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 63/127



GDC ANALIZE in PREISKAVE — NO RC &

Si Kal Al Kal

Mg Kal,2 Cl Kal
: 100pm ! : 100pm !

S Kal Na Kal,2
M 100pm ' M 100um !

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 64/127



GDC ANALIZE in PREISKAVE - NO RC 2]

K Kal

SAMPLE CODE SAMPLE MICROLOCATION

white, S wall, right of the window, under 15t niche, frame, under GDC 36, BaOH

GDC 37
(label H)

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- coating / salts

2- white with red
particles

1- plaster

50 m

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 65/127



GDC ANALIZE in PREISKAVE — NO RC @

Raman spectroscopy

Results
- calcite
- nitrates
FTIR spectroscopy
Extraction with hot distilled water Results
105 RN

- nitrates (probably calcium,
potassium and sodium nitrate)

2600 1560 1600 o

GDC37aq5 11 Sample at 1742.00 pm () 0 m (¥), -3937.00 pm (2
GDC372aq7 11 Sample at 1661.00 um (X), -3697.00 um (¥), -3937.00 im (2)

SEM EDS

Electron Image 3

Ca Kal

: 100um '

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 66/127
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Si Kal Al Kal

S Kal Cl Kal

100um ! 100um !

Ba Lal

1 '

00um
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GDC ANALIZE in PREISKAVE — NO RC ‘|

SAMPLE CODE SAMPLE MICROLOCATION

white, S wall, right of the window, under 15t niche, frame, under GDC 37, BaOH
and ammonium bicarbonate, poultice

GDC 38
(label I)

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

2- white
1- plaster

it

Raman spectroscopy

Layer 2 Results
KA % N 2l - calcite
'y I
’
g .
i - nitrates
g L™
I i y
N s i “mm |
ahr,
5 . . ‘
é.mﬁ f I\ P, 3,
i Wi o . ) e
i, o " |
N e, ™
rsons | '
oy, N
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GDC ANALIZE in PREISKAVE - NO RC ®

FTIR spectroscopy

Extraction with hot distilled water Results

102-
\

: .
W\ )

4 |

- nitrates (probably calcium,

/\ potassium and sodium nitrate)

%T

4000 3500 3000 2500 2000 1500 1000 600
cm-1

Name Description

GDC38aq1 11 Sample at523.00 um (X), -3565.00 um (Y), -3937.00 pm (2)
————— GDC38aq6_1 1 Sample at 1095.00 um (X), -4007.00 um (Y), -3937.00 ym (2)

SEM EDS

Electron Image 7

Ca Kal

' 250pm !

Al Kal

' 250pm !

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 69/127
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Na Kal,2 Mg Kal,2

' 250pm ' ' 250pm !

S Kal Cl Kal

' 250um ! ' 250um !

K Kol Ba Lal

' 250pm ! ' 250pm !

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 70/127



GDC ANALIZE in PREISKAVE — NO RC 2]

SAMPLE CODE SAMPLE MICROLOCATION

red, S wall, right from the window, under 15t niche, right scene, background
between figures, blue pigment?, ammonium bicarbonate with poultice

GDC 39

No visible blue particles.

STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

3- white, remains
2- red
1- plaster

Raman spectroscopy

Layer 3 Results

- vermilion

- calcite

- haematite
REMARK:

Spectra e to g scanned on raw
. sample

s

i

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 71/127



GDC ANALIZE in PREISKAVE — NO RC 2]
Layer 2 Results
: - calcite

- haematite

- vermilion

- maybe kaolinite

SEM EDS

Electron Image 8 Ca Kal

250pm ] ; 7 I zsopm 1

Si Kal Al Kal

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 72/127
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Na Kal,2 Mg Kal,2

' 250pm ! ' 250pm !

S Kal Cl Kal

' 250um ' ' 250um '

K Kal

' 250pm !
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SAMPLE CODE SAMPLE MICROLOCATION

white, S wall, right of the window, under 1t niche, frame, left from yellow

GDC 40
(not labelled, below
label I)

STRATIGRAPHY VIS PHOTOGRAPHY

UVF PHOTOGRAPHY

2- white

1- plaster
Raman spectroscopy
Layer 2 Results

% fﬂw == - calcite
hid i
e,
™
i
““WM
B T
Tty
mr@ L
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g
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GDC ANALIZE in PREISKAVE — NO RC @
Layer 1 Results
i e e :
SRS - calcite
\“”““““ww_ - quartz
—
e

SEM EDS

Electron Image 4

Ca Kol

f 100pm !

Si Kal Al Kal

' 100pm ! ' 100pm !
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Mg Kal,2 Cl Kal

' 100pm ' ' 100pm !

S Kal Na Kal,2

! 100um ! ! 100um !

K Kol Fe Kal

' 100um ! ' 100um !
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GDC ANALIZE in PREISKAVE — NO RC

SAMPLE CODE SAMPLE MICROLOCATION

GDC 44

FTIR spectroscopy

Raw sample

102
1004

%T
F

4000 3500 3000 2500 2000 1500 1000 600
cm-1
Name Description
———— GDC44a_1_1 Sample 048 By katja Date Thursday, June 09 2022
———— GDC44b_1_1 Sample 049 By katja Date Thursday, June 09 2022
——— GDC44d 11 Sample 051 By katja Date Thursday, June 09 2022

Extraction with water

1024
1004

%T
g

4000 3500 3000 2500 2000 1500 1000 600
cm-1

Name Description
GDC44ag3_1 1 Sample at-7535.00 um (X), -3481.00 pm (Y), -3984.00 ym (2)
GDC44aq5_1 1 Sample at -7478.00 um (X), -3605.00 um (Y), -3984.00 ym (2)

Extraction with benzyl alcohol

102
1004

%T
g

4000 3500 3000 2500 2000 1500 1000 600
cm-1
Name Description
GDC 44 benzalkdod 111  Sample at -5867.00 um (X), -3453.00 um (Y), -3976.00 um (2)
GDC 44 benz alk dod 14_1_1  Sample at -5864.00 um (X), -3872.00 um (Y), -3976.00 um (2)

powder from the area near the fox, white haze after cleaning

Results

- calcite

- proteins or calcium oxalate
- silicates

Results

- gypsum

- unidentified material (1442,
1427 cm?)

- calcite

Results

- calcite

- carbonyl band (from benzyl
alcohol)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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ANALIZE in PREISKAVE — NO RC

SAMPLE CODE SAMPLE MICROLOCATION

red, N wall, man on the left, back, incrustation on surface

GDC 45

STRATIGRAPHY VIS PHOTOGRAPHY

UVF PHOTOGRAPHY
4- orange and
white, exchanging
3- white
2- ochre

1- plaster

Raman spectroscopy

Crust (spectrum a)

Results

- gypsum

——
—

R \m

il
W gl \“/\ﬂ\‘“

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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Profile every 20 um, from top towards bottom Results

.s-'.

- -
20 pm

btof

- close to the surface only
gypsum is observed
- gypsum disappears after 60

um approx.
P : - in spectrum d (red line)
e I nitrates appear (1040 cm-)
v
» LN |
e N

- gypsum in top layers, no

calcite
- in depth (after approx. 80 um)
amount of gypsum relative to

calcite, is smaller, and
different amounts can be
T e e S S Bt Ee observed in different spots

- in some spots nitrates are

2o y

i
A

T TS e Y e PR B P present
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FTIR spectroscopy

Crust (peels easily of the paint surface) Results
4 - calcite
” - gypsum
“ - organic material (Sloggett et
: al., 2010)

- Area typical of metal soaps,
. however, no such binder is
w present to form soaps.

Name. Description cm-1

~ GDC45siga2_11 Sample at-9320.00 um (X), -3803.00 um (¥), -4200.00 um (2)
GDC45siga7_1_1 Sample at -9607.00 um (X), -3846.00 pm (Y), -4200.00 um (2)

Layer 4 Results
587 .
o - calcite
° - silicates
457
) - proteins or calcium oxalate
35(

=3

B3
251
201
o
1
51
4000 3500 3000 2500 2000 1500 1000 600

Name Description om-1

———— GDC45rd1 Sample at 6146.00 um (X), -3856.00 um (Y), -4215.00 um (2)

———— GDC45rd2 Sample at 6232.00 um (X), -3828.00 um (Y), -4215.00 um (Z)

— GDC45rd3 Sample at 6227.00 pm (X), -3886.00 um (Y), -4215.00 um (2)

———— GDC45rd4 Sample at 6326.00 um (X), -4023.00 um (Y), -4215.00 um (Z)

SAMPLE CODE SAMPLE MICROLOCATION

green, N wall, grass under bottle, after cleaning with ammonium bicarbonate

salt-like efflorescence appears

GDC 46

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 80/127
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STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY

4- green
3- green

2-red
(underdrawing?)

1- plaster

Raman spectroscopy

Surface of the raw sample Results
: L hgend .
e - calcite
xww
- gypsum
(both visible in all analysed
e . . . .
¥ e, - points, ratio slightly differs)

Sty

'
Ramn St (i)

Results

- gypsum on surface, together

R with calcite
‘ . oA - their ratio varies
S eSS . - amount of gypsum drops after

ca 100 um and it disappears ca

50 um later

|
Ramen St (o)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 81/127
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FTIR spectroscopy
Crust Results
* - calcite
. - probably silicates
- probably calcium oxalate
SAMPLE CODE SAMPLE MICROLOCATION

red, back of the horse of the first Magi, coating

GDC 47
STRATIGRAPHY VIS PHOTOGRAPHY UVF PHOTOGRAPHY
2- red
1- plaster
-i«!, o
Raman spectroscopy
Layer 2 Results
W] | - mainly calcite
- A e - slight amount of gypsum in all
o e analysed samples
RN, )
M M, g
$ el D ! M, "
RO i ey, | b,
Vi B, o
) R Mg
LA e ol
LI SO
At b, flﬂﬂ B Wwwb

50 f
Ramn it (o)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 82/127
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Profile every 20 um, from top towards bottom Results

- gypsum visible in some

analysed point

- no clear profile like in other

etighey,
S Oy Wy R

,ﬂw "\ e g ) samples can be observed
" il

I
A% A
- q\ i g

I
R aTrd
| gy,

\
/l WW‘W\“V\“"’W’W‘W”WM’*W ~ J\
LLLT

g

i
1 [
ol “‘%ww Mg b

f )

I\, L ot |

PR WL L T
M ¥ e,

|

FTIR spectroscopy
Coating Results
1001 _ gypsum
” - calcite
- hydrated alumosilicates
709
(ochre)
607
- - muscovite (825 cm; Fister,
ol 2018)
| - slight possibility of presence of
= proteinaceous material
109
4000 3500 3000 2500 2000 1500 1000 600
Name Description cm-1
GDC 47 premaz 3_1_1 Sample at -9117.00 um (X), -32:6 00 pm (Y), -3995.00 um (2)
GDC 47 premaz 7_1_1  Sample at -9476.00 um (X), -3215.00 pm (Y), -3986.00 um (2)
All layers Results
i - calcite
" - gypsum
809 DK 3 K
- silicates and alumosilicates
- calcium oxalates or (less
- probable) proteins
401
109
4000 3500 3000 2500 2000 1500 1000 600
cm-1

Name Description
GDC47a_1_1 Sample at-9086.00 ym (X), -3288.00 um (Y), -4000.00 um (2)
GDC47e_1_1 Sample at-9075.00 pm (X), -3460.00 pm (Y), -4000.00 um (2)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 83/127
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6.3 Microscopic and spectroscopic analyses of cotton swabs

AB_58 CA

Cotton swab 1 -calcite

% -calcium oxalate

%T
g

4600 3500 3000 2500 2600 1500 1600 680
nnnnnnnn

AB_55_CAtampon 1a_1_1 Sample 052 By katja Date Tuesday. January 04 2022

AB_55_CAtampon 1b_1_1 Sample 053 By katja Date Tuesday. January 04 2022

Cotton swab 2 -calcite

- calcium oxalate

P 3500 3000 2500 2600 1500 1600 680
cm-1
Description

AB_5B5_CAtampon2a_1 1 Sample 054 By katja Date Tuesday. January 04 2022
AB_58_CAtampon 2b_1_1 Sample 055 By katja Date Tuesday, January 04 2022

Cotton swab 3 -calcite

1021

% -calcium oxalate

%7
§

5 3500 3000 2500 2000 1500 1000 Sho
em-1
Name Description
AB_55_CAtampon 3a_1 1 Sample 056 By katja Date Tuesday, January 04 2022

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z1'KDS RC) is required 84/127
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AF 26_CA

Cotton swab 1 -calcite

e ‘ -gypsum
17 -calcium oxalate

80

70

%T
g

Ao 3500 3000 2500 2600 1500 1600 680
cm-1
Name Description
AF_26_CAtampon1a 11 Sample 021 By kaja Date Tuesday, January 04 2022
AF_26_CAtampon 1b_1_1 Sample 022 By katja Date Tuesday, January 04 2022

Cotton swab 2 -calcite

-gypsum
o -calcium oxalate

102-
100

%T
g

o 3500 3000 2500 2000 1500 1000 S0
Name Description

AF_26_CAtampon2a 1 1 Sample 024 By kaija Date Tuesday, January 04 2022

AF_26_CAtampon2b_1 1 Sample 025 By katja Date Tuesday, January 04 2022

Cotton swab 3 -calcite

-gypsum
-calcium oxalate (not much)

%T
g

40 3500 3000 2500 2000 1500 1600 680
cm-1
Name Description
AF_26_CAtampon3a_1 1 Sample 027 By katja Date Tuesday, January 04 2022

All rights reserved. For publication or other use of the material, a permission of IPCHS (ZVKDS RC) is required 85/127
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Cotton swab 4 -calcite

i -gypsum

%T
g

6 3500 3000 2500 2600 1500 1600 680
cm-1
Description
AF_26_CAtampon4a 11 Sample 028 By katja Date Tuesday, January 04 2022

MB_o06_CA amount of gypsum seems to decrease with every next cotton swab

(in contrast to calcite, where no pattern can be observed)

3

Cotton swab 1 -calcite

-gypsum
- calcium oxalate

o 3500 3600 2500 2000 500 1000 0
) om-1
Name Description
 MB.O6 CAtamponia i1 Sample 046 By kafia Date Tuesday, January 04 2022
 MBL0G CAtampon1b 11 Sample 047 By kaia Date Tuesday, January 04 2022

Cotton swab 2 -calcite

o _ -calcium oxalate

-gypsum

%T

40 3500 3000 2500 2600 1500 1600 680

~———— MB_06 CAtampon2a 11 Sample 048 By katja Date Tuesday, January 04 2022
———— MB_06_CAtampon2b_1 1 Sample 049 By kaja Date Tuesday, January 04 2022

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z1'KDS RC) is required 86/127
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Cotton swab 3 -calcite

102
100}

-calcium oxalate

90]

0]

.

%T
g

4600 3500 5000 2500 2000 500 600 s%0

Description
MB_06_CAtampon3a_1_1 Sample 050 By katja Date Tuesday, January 04 2022

MB_o9_CA

-calcite
-maybe gypsum

-maybe calcium oxalate

4600 3500 3000 2500 2000 1500 1000 680

MB_09_CAtampon 1a_1_1 Sample 008 By kafja Date Tuesday, January 04 2022
MB_09_CA tampon 1b_1_1 Sample 009 By katja Date Tuesday, January 04 2022

Cotton swab 2 -calcite

-gypsum
- calcium oxalate

%T
g

4600 3500 3600 2500 2600 1500 1600 o80
cm-1
Description

MB_09_CAtampon2a_1_1 Sample 014 By katja Date Tuesday, January 04 2022
MB_09_CA tampon 2b_1_1  Sample 015 By kaja Date Tuesday, January 04 2022

Cotton swab 3 -gypsum

-calcite (very small amount)

All rights reserved. For publication or other use of the material, a permission of IPCHS (ZVKDS RC) is required 87/127
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NP_18 CA

Cotton swab 1 -calcite

- calcium oxalate (small
amount)

%T

o 3500 3000 2500 2000 1500 1000 o80
cm-1
..........
——— NP_1B CAtamponila 11 Sample 039 By kaija Date Tuesday, January 04 2022
———— NP_18_CAtampon1b_1_1 Sample 040 By katja Date Tuesday. January 04 2022

Cotton swab 2 -calcite

-maybe calcium oxalate

P 3500 3600 2500 2600 1500 1600 680
cm-1
Name. Description
NP_18_CAtampon2a_1_1 Sample 041 By katja Date Tuesday, January 04 2022
NP_18_CAtampon 2b_1_1 Sample 042 By katja Date Tuesday, January 04 2022

Cotton swab 3 -calcite
-maybe calcium oxalate

- unidentified material (1455,
1430 cm™)

P 3500

Name.
NP8 CAtampon3a 11 Sample 043 By katja
———— NP8 CAtampon3b 11 Sample 044 By katja Date

. January 04 2022
. January 04 2022

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z1'KDS RC) is required 88/127
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water cleaning after ammonium bicarbonate

Cotton swab 1

80

%T
§

30

2

1

o0 3500 3000 2500 2000 1500 1000 G80
em-1
Name Description
— a_ammbicarb_red tampon 1a_1_1 Sample 030 By katja Date Tuesday, January 04 2022

Cotton swab 2

102
100]

%T
g

4600 3500 3000 2500 2000 1500 600 580
em-1

Des
———— aq_amm bicarb_red tampon 2a_1 1 Sample 032 By katja Da
— agamm dtampon2b_1_1  Sample 033 By katja Da

iesday, January 04 2022
iesday, January 04 2022

Cotton swab 3

1021
108

P 3500 3000 2500 2000 500 1000 Gho
em-1

Name Description
aq_amm bicarb_red tampon 3a_1_1  Sample 034 By katja Date Tuesday, January 04 2022

water cleaning after anionic resins -

-calcite

-calcium oxalate

-calcite

- calcium oxalate

-calcite
-calcium oxalate

- carboxylates, probably zinc
(1539 cm™)

All rights reserved. For publication or other use of the material, a permission of IPCHS (ZVKDS RC) is required
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6.4 Raman evaluation of cleaning tests, June 2022

a) Northern wall

L] 79 7776 78 s ] “ % oy
214344 46
: 45/

Reference spectra

3500 4000

lekose
: BROUKER
(>

2500
3000

g g
g
g
&
H

500

T T T T
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

1- light green, between grases: 2- dark green, grass:
calcite, gypsum calcite, gypsum (1134 cm™ from gypsum)
Co><)
&
g
g
8
§ 4
g M

500 1000 1500 2000 2500 3000
Wavenumber cm-1

Page 1/1

3- red, flower:
calcite, gypsum, haematite, unknown material
(1875 cm)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 90/ 127
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Ammonium bicarbonate, 30’

g { <) <)
BROUKER . BROUKER
g 2
¢ 8
) g
3 a
\ \
s 1| I
2 | “ |
e I I I [ ?
. ‘ ‘ ‘ ‘ ‘ ‘ . ! ‘w-\.ﬂ'\,,;MwJA‘ ‘M«'Mw‘\,-f\‘ Wuww.ﬂwmwmww M.wﬂ‘mM\\MWWWMWWWW"W*‘M
4- red, flower: 5- light green:
calcite, haematite, maybe nitrates calcite, quartz
8 w (S ) g w o< ’
BRUKER BRUKER
g | (OO g | (<D
g | | ‘ RN \‘
i [I—
g I 51 ” f
L " r‘h ) bl | I I M
. j ik ,.«w«wmmw il R B Vgt by ’M,.»,W“MJ/-,W‘WMWWM”*W’w('u\w\ww,t,\»«mw\v;:wv»MW‘vl«Jwﬂ*WW»W\V 1“

500 1000 1500 2000

500 1000 1500 2000

\ [ ] ‘ ‘
\ [ ]
6- red, ornamental border: 7- white, ornamental border:
calcite, gypsum, haematite calcite
Smaller amount of gypsum in repeated analysis
(blue spectrum).
C><) C><)
;: BRUKER : BRUKER
) )
8 8
g g
Page 1/1 Page 1/1
8- green, ornamental border: 9- red, ornamental border:
calcite, gypsum (very little), unknown material calcite
(592 cm™)
Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 91/127
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Reference spectra
J Co) C><)
: BROKER BRUKER
(>0 8O
g
. §
&
g 8 ”
|
\ s | “
8 ] \ Il | |
W U‘ "WW A
. ool st o e L S S [\ st bt mgriioss ittt
10- ochre, fox: 11- ochre, fox, in the middle:
calcite, gypsum calcite, gypsum
¢ BRUKER
(>3O
g
: |
|
H
|
s 1| !
I | “ M
el ~ u W
C L e Syl Ny ot WN‘WMWW.\MMWM |
12- green, tree:
calcite, gypsum
Ammonium bicarbonate, 45'
g BRUKER g BRUKER
(>0 (>
g g
g g
8 8
; . !
13- ochre, tree: 14- pale, between trees:
calcite, unknown material (735 cm-?) calcite, gypsum
All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 92/127
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§ leR
. (>0
a (LM \ WM
A MMWWMMMWM

T T T
1500 2000 2500 3000
Wavenumber c-1

Page 1/1

81- 14 after additional rinsing;:

calcite, gypsum

Jamn
(>3O

e
L

]

A

(<

A

m

A

w mw me

1000
1000

| N
WWWWWWWWWMM Lt \ i
Rt W il ot it

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

500
500

15- green, grass: 16- white, swan, wing:
calcite, gypsum, quartz, maybe haematite calcite, gypsum, quartz, unknown material (501,
669 cm)
F eoce o)
s BRUKER BRUKER
) (>0 RN )
g \H\ ) M H g
Mo e N’ Ll N(W
0 b | ¥ oA ' WMWWMWW

500 1000 1500 2000 2500 3000 500 1000
Wavenumber cm-1
‘a)azazz ‘ ‘w‘x

Page 1/1 Page 1/1

82- 15 after additional rinsing;: 80- 16 after additional rinsing;:

calcite, gypsum, quartz, unknown material (670  calcite, gypsum, quartz
cm)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 93/127
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Ammonium bicarbonate, 30’

BRUKER : BRUKER
g
g g
¢ |
g ) “
ol
5 ] |
=1 “\ I\ M'W
\ \ \
. N \Wwww N irad WMWW,WWWMWW»MM |
pY o0 0 200 =0 00 By o0 0 0 =0 0
p— FR—
S ‘ ‘

Page 1/1

17- white powder on surface:
calcite, gypsum

H
g
N
: 1| ‘
w |
N “‘«*WW,‘-AWWJ “MM,(J ‘\wﬂl‘fr%vaMMM.MWMW?wMWMWMWWMWﬁ"O‘M‘

Page 1/1

18- white powder on surface:
calcite

19- white powder on surface:
calcite
Reference spectra
C><) g ™
; BRUKER ? {
O 8 | I
|
: [ \ f -
| o \ ) g
: (liwal \ oM
: g A I
H | R \ o
g | § [
: \H ’l . ‘\‘ \ ‘ l“ “
“ ‘ | 8 \4\\ |
g ‘\ | ﬂ N \x\“ﬂ,vr \ l‘ “
|y ‘\‘ ‘”.”“-"qw | ‘\“ [ ‘ WW‘ : “‘, W“\ ,“
L M ol 2 e iy Yl g ’ 3 |
20- lobster in the basket: 21- basket:
calcite, gypsum, haematite, maybe goethite, calcite, maybe haematite and goethite
nitrates bad spectrum
94/127
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BRUKER

2000

1500

1000

1 |
”\‘\ H I ‘w il
A W I\ |
T gl Spd

500

\ |
-

! h
'WWWWWNMuw»»'«,‘,Wm’w.u.u.»,mwwmw,»“w\”rﬂl’mj W\“MM

500 1000

1500 2000 2500 3000
Wavenumber cm-1

Page 1/1

22- green background, under window:

calcite, gypsum, quartz (204, 462 cm)

Anionic resins

350

Lmn
1 (O

3000

2500

500

1J1 f |
)
\_m‘,ww,u v

s |
Meeand

|
y
'\P‘-.M.,N,W'\,;r‘",“‘4r"‘\WAM.M',ﬂ“"\ﬁfl‘,"ﬂ#w”wdmw/\m’wmwmﬂ,'A*’M“WMW’WMM*MW‘JJ L

!

om
1]
A
(-
A
m
A

1500

1000

500

500 1000

1500 2000 2500 3000

500 1000 1500

Wavenumber cm-1

Wavenumber cm-1

Page 1/1

23- green between duck and basket:

calcite, gypsum

Page 1/1

24- lobster in the basket:
calcite, haematite

A
R

[]

A

c

A

m

A

2000

1000

\ C

“wﬁw \W

500

\
MWWW’MWWWMMW ‘

!

:

1500 2000

1000

500 1000

1500 2000 2500 3000
Wavenumber cm-1

500 1000 1500

Wavenumber cm-1

26_GOC test 26.0.0_20220606.095817_en)

GCws2s  GOCles2s 606 2022

25- white, duck:

Page 1/1

calcite, gypsum (relatively large amount, less

after additional cleaning with water)

Page 1/1

26- green background, possibly an animal:

calcite, gypsum (very small amount)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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Reference spectra
() C><)

g g
27- light green background, beside ladle: 28- green leaf:
calcite calcite, gypsum
Anionic resins

F lakose R )

BRUKER ! BROKER

E E

] g ‘

e | .l

g “ g H ‘

e ) | NI .

o A ‘\wvwvw) kw.wwt"“ ‘wwMLMWWMMMMMMMW&MMVW o f”“‘ \'uw\w«ww“ \me”‘ xmwww.l«wmw,WM,MFWWWWW%WWMMWWW\
29- carnation, hand: 30- green background, under hand:
calcite (band 1435 cm, as well; Spoto, 2022), calcite, quartz, nitrates
gypsum (small amount), nitrates

§

BRGKER

s | (O

§

g

E

|
" H “ \ A AL Bk
. il ko b 'WMM,

[ foma |

\ =
31- red, flower:
calcite, unidentified material (1048 cm-)
All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 96/127
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Reference spectra
; l Co<) . l Co<) I
! BROKER ! BROKER
| O | O
] 1]
| [ |
g \ 8 1] |
J " | ’Jh “ | ‘
s Lol o A w f 5 1] . "
W pgiv, W, iy "y | o | \ ‘
N o A‘\'V«W VY ! ‘VMN*‘WWM‘ w N Y \WM’WW \"v”““\r»»l«,b"V ‘\W’W”WM‘?’r‘m”WL‘J\‘,"MMMw«\wM\)(»MMMWWWW‘MNW %
32- purple, shoe: 33- bright background, between shoes:
calcite, haematite calcite, nitrates
<)
BRUKER
g 1 (<O
g
|
g |
g1 H
I I I
B ™ “‘JWM\M,,MJJ Mcrenand! ‘»v"vmmu\wmmwkn',v‘\l"M‘w'ﬁ"MW«MwhWWMW'M\I’xwh\\\,«\W"l‘""h"\“w’“,
34- bright background, left from hair:
calcite, nitrates
Anionic resins
. §
i G e GSaire
- g | (<O

1500 2000
2500 300¢

2000

1000
1501

1000

500

Page 1/1 Page 1/1
35- pink, shoe, right part: 36- green background:
calcite, haematite (495 cm, too; Hanesch, calcite, gypsum, nitrates

2009), maybe spirilloxanthine (998 cm-;
Hernanz et al., 2008)

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 97/127
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[T )
BRUKER g BRUKER

1000 1500 2000

500

3000

2000

1000

7 I ‘\ |
,\w/} \W lewwv‘/ \WMWJWM*WWWWW NWW

500 1000

1500
Wavenumber cm-1

2000 2500 3000

‘u 06,2022 ‘

Page 1/1

37- green background, under stick:

calcite, quartz

4000

:

3000

1000

!

,“J \\m«;ﬂ“J \»M.J (MM'WMWWWWWMJ

1500
Wavenumber cm-1

2000 2500

Page 1/1

38- green background:

calcite, nitrates

3000 4000 5000 6000

2000

lB(I;?lgEjR
FE33

500 1000 1500 2500

Wavenumber cm-1

Page 1/1

39- green background:

calcite, nitrates

Reference spectra

2500

2000

1500

1000

500

*B%R
(O

[

MWMWWWMW MWH

ﬂ

s
" 1WM/

Page 1/1

40- plaster near green background:

calcite

2500

000

1500

1000

500

1.0
|

] f \ ”"\W
A “mw,a“\”\h”wwinww v uk,-WwW‘,Ww.wW{fWwi‘m ' “"‘W/'W%W W

W I

41- back, figure in orange dress: 42- same as 41, lower on the back:
calcite, haematite, maybe gypsum calcite, haematite, gypsum
All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 98/127
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3000

g 4l ,
| | |
1l /
g {U\, | Ay / ‘
A ) ) P ’ iy ‘ \\
| 4 |
-] ‘\\‘\ﬂ,m.‘u\wrnt Vm‘/ vw’\fv’vmw“ ot ‘w’w‘A‘rM
% 1o 150 20 20 00

Wavenumber cm-1

Page 1/1

43- ochre, same as 41, below hair:
calcite, gypsum (little amount), unknown
material (455 cm-)

Anionic resins

BRUKER : BRUKER
) (> !’
c Z |
g B ‘ “‘
g |
5 -y ‘
| | | f o ! Ml

e | N \
WL IR AN g N

. i ‘W‘ “»«" “\-“"“‘ “"“‘\""\\J"V’MW’N/J“ “r,v\V"LW,,,‘/«’J“*MMWWNM meWWw‘wMN"m‘M‘Wrh(im*"ﬁm‘w B “"\“/‘\‘J\\wwvﬁ41 ! v "M" b"\""“,‘\‘o““»Uw.;:W,J,v"}mmmw\‘ww‘ H‘J NW W WMJM ‘

500 1000 1500 2000 2500

T T T T T
3000 500 1000 1500 2000 2500 3000

44- back, figure in orange dress, right part: 45- same figure as 44, armpit:
gypsum (large amount), calcite, haematite calcite, gypsum, haematite
g {Bmﬂ *BRUKER
g (>3O \ )
g \ g
i \
g \ [
| |
: | A
H | | g
“ | |
g | \
N H \ g‘ \“ 8
g l |/ ‘
h Mdmﬂ/‘ NS “‘ ‘\‘ \.‘
°© T T T T T ‘} T ° T T T T T T
46- red, close to 45: 47- purple, horse:
unknown material 778 cm-t calcite
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Reference spectra

2500

2000

1500

1000

500

C><)

1 (>}

“ ’v v”\ ,'\
P | )
,“r'J i ‘»‘W \‘vW’u Wb

I\
Y

500 1000

Wwa'“w\""'w“‘w”fwfw l,MW‘“AmWL\‘~'WWW'WMM M W"

1500 2000 2500 3000

8 4B(I:l>l§E7R
) 7L.><_)

Wavenumber cm-1
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76- green, decorative border:

calcite, gypsum, green earth, maybe goethite

(380 cm), nitrates

Ammonium bicarbonate, 30’

1500

1000

500

45&%&!
(>

500 1000

1500 2000 2500 3000
Wavenumber cm-1

78- ochre, trumpet:
calcite, gypsum

Page 1/1

77- green, decorative border:

calcite, gypsum

Reference spectra

2000 3000 4000 5000 6000 7000

1000

WBMR
1 (O

| |

\ I |
“\"\“—vw“‘k WMJN \W”*Wwwvfwmw‘“x\\wmw ’fﬂ WM
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79- ochre, trumpet, left of hand:

calcite, maybe goethite (380 cm™)

BRUKER
o
é 4
)
e ‘
¢ ) I
J‘ A 0 ‘M\ W((
g9 i }‘\“ J Wi I
Py ‘w‘"w‘uLwhf' "'“W«»W“w«Ar‘w'vw‘«”’rﬂ \

T T
500 1000 1500 2000

1
N L -frm.

85- white, decorative border: 86- green, decorative border:

calcite, gypsum calcite, gypsum (large amount), maybe
ultramarine (544 cm-1), nitrates
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4000

3000

2000

Page 1/1

87- green, background beside castle:
calcite, gypsum, carbon black

b) Southern wall

Reference spectra

8 BRUKER BRUKER
N ) 8] (<D
g
g g ‘

1000

}‘ | j \W"“m\ ,\ MJ»MMM A M»W
Ly L B A B Patnl!

3000

500

500

3000 500 1000 1500
Wavenumber cm-1 Wavenumber c-1

‘wx co o s st ci 5146_GOC tes 48_0_0 0220606104042 000 GDClestdd  GOCtest 48 ‘n 06,2022 ‘ ‘w‘nuw,«uc:w radalieanielGDC taman Bravo_test cscenfalGOC est 49_GDC test 49_0.0 2022060604201 en0  GDClest43  GOC1est9 ‘aaa 2 ‘
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48- green, decorative border: 49- green, dress, above the hand:

calcite, gypsum calcite, gypsum

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1/KDS RC) is required 101/127
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Ammonium bicarbonate, 30’
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1500 2000 2500
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50- green, dress, folds:

calcite

g lBRUKER

)

1500

1000

500

51- red, stairs:
calcite, haematite, nitrates

2000

=

1500

1000

Z
£
i

Page 1/1

52- bright background:

calcite, quartz, maybe sulphates (978 cm;

Hurley and McCreery, 2003), unknown material

(732 cm™)

Reference spectra

1500 2000 2500

0

] I
i

500

500

N wk
W W‘w W‘MM \.ﬁ MW»”MWV"'WMW%MWMMWWJW lA

1000 1500 200
Wavenumber c-1

2500 3000

53- purple, foot:

calcite, gypsum, haematite (496 cm as well,
Pigments Checker), sulphates (981 cm,
Kauffmann et al., 2013)

1500 2000 2500

1000

500

I | | |
] ‘ \ " M“ (JNJU\

|
| | | ‘ |
| ! J |,
) 7‘"\"«/ W g Y’ W ”M'ﬂ‘n’w“n“{ww WWM "W\"MWM‘WW‘WW’MW

500 1000 1500 2000 2500 3000
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54- red, background:

calcite, gypsum, haematite, nitrates

Page 1/1

55- green, dress, right of hammer:

calcite, maybe green earth, unidentified material
(1346 cm™)
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GDC ANALIZE in PREISKAVE - NO RC ®
J ()
-4 BRUKER
(>0
g
g
g

T T T T T T
500 1000 1500 2000 2500 3000
Wavenumber cm-1

w. (GO 651 56.0,0 0220606105257 00 GOClestS5  GOCtest 55 606 2022

56- filling:
calcite

Ammonium bicarbonate, 30’

C><) P EROSE
¢ BRUKER & BRUKER
) ()
g
&
g
g
g
H o
2
p” p- - pa p. " o - pa ps
57- red, background, beside cross: 58- green, dress:
calcite, vermilion, gypsum (little) calcite, green earth
=) eSo<a
! BROKER : BRUKER
(>0 ()
; |
il |
8 g 4 4 | ‘\
| A\ /‘“l"’%‘m\,‘v\”w‘ I ; ) | M Mb
) | iy MMWWW‘MM‘WW. i
o o - pa ps p” o o P P
59- purple, dress, sleeve: 60- red, background:
calcite, haematite, nitrates calcite
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Reference spectra
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61- white, decorative border:

calcite, nitrates

Barium hydroxide

g 4 <)

N BRUKER

§

g

g 1 r‘ ‘
g |

i

E H ‘
: |l | Il
I it V|

N ‘\,A,r‘.w,:w“”"ﬂ‘ \v»m.,,y,,‘w" \wv»»w...;\@m%WMMW»MWWW:MmeWWV‘MW

500 1000 1500 2000 2500 3000
Wavenumber cm-1
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62- white, decorative border, below 61:

calcite, nitrates, unknown material (732 cm1)

Anionic resins

g L C><)

N “BRUKER \

e | (<O

H

"1

) \‘

g \‘ \‘ “\‘ }‘\‘ " m
. [N \‘“ww,mw,uf \*/mw_wwwwmm«‘M/"l/MwWwmew,wrum'wv‘r”“ﬁw !

500 1000 1500 2000 2500 3000
Wavenumber cm-1

63- purple, coffin:
calcite, quartz
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Reference spectra, no cleaning

(“><) J <)
BRUKER g BRUKER
g (O )
g |
g
s g
g 8
8
g
§ WWWWMM
pA o - . . P o e m .
64- purple, coffin: 65- ochre, pot with spices, Calxnova:

calcite, gypsum, haematite

calcite, gypsum, unidentified material
(1432 cm™)

Reference spectra
C><) C><)
BRUKER ¢ BRUKER
g E 41|
g M
il 3l
| |
|
g 1 || %’}“/‘u’ | “
) p \»f \V/\"‘«\\ Al N )‘ | ,WW
W WN»M-A WWWVMWM«WWMW ) VMW v bw jwwwwwwm “\W‘ A XWWNW"W‘M
66- orange, dress: 67- green, hat:
calcite, quartz, probably haematite calcite, gypsum
. J C><)
: BROUKER
(O
g
N |
£
| |
H ‘ ‘ r‘ Af‘
I I m M A '
o Vw/‘ \“v"*“”‘"ww‘ (Mmm,w/:w" WWWMM\‘)W L’M"A W w“‘*wu MM hm%m
70- white, dress:
calcite, gypsum (small amount), unknown
material 615 cm* (maybe Mg-jacobsite; Buzgar
etal., 2010)
Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 105/127



GDC ANALIZE in PREISKAVE — NO RC 2]

Ammonium bicarbonate

' e
g JBIL‘%R g
g g
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noruer
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e
68- orange, belt: 69- carnation, foot:

calcite, maybe goethite, unknown material (740  calcite

cm)

c¢) Western wall

Reference spectra

. l <) <)
g BRUKER 5 7BRUKER
g g
g g I \
© N NN
1M
; | i
| i
% | |l J\ H
A
g ‘ |
g 1| M J ‘ H\u\
F R ﬂ I / Wy M W’M
o o A M“‘MMMJ“WM.‘WJ Nttt Y o '\J
- po - P - p - - -

71GOC test 71,00 0606111620 gm0 GOCtest 71 GOCtest 7L ‘amzﬂzz

71- yellow, dress: 72- yellow, skirt:
calcite, nitrates, unknown material (1241 cm™) calcite, nitrates, unknown material (726 cm)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 106/127



GDC

ANALIZE in PREISKAVE — NO RC @

Anionic resins

g 1 Co<)
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Page 1/1

73- yellow, dress, chest:

calcite, quartz

Reference spectra

BRUKER BRUKER
g g
g ’ a0
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74- green, dress, below donkey: 75- red:

calcite, nitrates

calcite, gypsum, nitrates, maybe red lead (550

cm)
Ammonium bicarbonate
RS =e) g [E=]
 BROKER . BROKER
. | (DO B (>0
g
g
. | |
| 2l
g | ‘\ ‘ . I ‘
I | RN
g 1 | ‘\ s |l | ‘\
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500 1000 1500 2000 2500 3000
Wavenumber cm-1

500 1000 1500 2000 2500 3000
Wavenumber cm-1
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83- ochre, background:
calcite, nitrates

Page 1/1

84- white, ornamental border:
calcite, nitrates

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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6.5 Raman evaluation of cleaning and consolidation tests, February 2023

a) Southern wall

Barium hydroxide

Scene under the window

<)
BRUKER
W)

2500

2000

1500

1500

1000

500

Page 1/1

1- red background, right of Christ's hand, BaOH:
calcite, haematite, nitrates, unidentified material
(730 cm), maybe dolomite

al
§—W‘
| W M\JWWWM M’»WWWMWWM

150
Wavenumber cm-1

Page 1/1

2- red background, left of Christ's hand, BaOH:
calcite, haematite, nitrates

C><)
BROKER

2500

1000 50

500

H»M/V \W%

|,
LWWMWMWMWWW WWMMW

s

100

1500 2000 2500 3000

‘ WAL Tekose doleGDC radaewrielGDC aman Bravo_1H

‘ WL Tekoce deloGOC nadaliesanielGOC

Wavenumber cm-1
‘,; o220 ‘
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3- violet coat, BaOH:
calcite, haematite (caput mortuum), nitrates

Page 1/1

4- violet coat, close to feet, BaOH:

calcite, haematite (caput mortuum), nitrates,

barium sulphate (988 cm)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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5- carnation, arm of the Christ, BaOH:
calcite, barium sulphate, nitrates

Page 1/1

6- carnation, leg to the right, BaOH:
calcite, nitrates
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7- white, border line, left from Christ, BaOH:
calcite, gypsum, nitrates, unidentified material

(730 cm), maybe dolomite

Page 1/1

8- white, border line, right from Christ, BaOH:
calcite, nitrates, unidentified material (730
cm ), maybe dolomite

¥ 1 C><) Co><)
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g
g g
g8 g
% WWWW&MM
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500 1000 1500 2000 2500 a0 500 1000 1500 2000 2500 3000
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9- light red background, BaOH:
calcite (1435 cm too), nitrates

Page 1/1

10- black, devil, BaOH, white haze:

calcite, carbon black, quartz, haematite, nitrates,
unidentified material (730 cm), maybe
dolomite

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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11- black, devil, BaOH, white haze:

calcite, carbon black, haematite, nitrates,
possibly clay/ silicates (768; 754 cm; Buzatu
and Buzgar, 2010)
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o W
\ Wl o,

Lt it

Page 1/1

12- carnation, Christ, BaOH, white haze:
calcite, quartz, nitrates, unidentified material
(730 cm™), maybe dolomite, unidentified
material (2000-2500 cm)

g 45;‘3§E7R
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T T
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500 1500
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13- filling, stain/ drop:

14- carnation, Christ, BaOH, stain/ drop:

calcite calcite, barium sulphate (little), gypsum (little),
nitrates (little), unidentified material (730 cm-),
maybe dolomite
g BRUKER E BZ%R
. | “‘ 2 ‘
) \‘ ‘ g ‘\
| b |
h “ """W"L‘ﬂm W M /‘M g ’N““w “k \M\
. \”W “’”“WJ e MW‘W} WWMMMWMWWN‘WMW%*‘ K B} “WW‘MMJ LW'\“‘W‘J" ""'N‘MWw\MMWWMMWWMTW“MMWWW Mﬁ
15- filling, red, coat, BaOH: 16- filling, red, coat, BaOH:
calcite calcite, nitrates

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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Scene Deposition from cross
C><) <)
< BRUKER BRUKER
B3O PO
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17- white line, BaOH:
calcite, nitrates, unidentified material (730
cm1), maybe dolomite

g lamn
(>

Page 1/1

19- left of cross, BaOH, white haze:
calcite, nitrates

Page 1/1

18- blue, BaOH, white haze:
calcite, carbon black

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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Ammonium oxalate

Scene with Herod

3500

v

3000

g 1 r I A
J' I il f X
Wty Do gl MWMW‘ W"MM‘MNWwwww.m.ww""wwﬂ“‘v me

Y
500 1000 1500 2000 2500 3000

mmm
‘
A

3000
—

m
—_—
{

1000

Wavenumber cm-1

‘w 11-Tokoce deIIGDC radafearfelGDC raman Brawo_ISeb2023121 ok czade_ok 0.0 2023021510003 en0  Ziokozadle ok ‘;: o2 ‘

Page 1/1

20- light ochre, background, AmOx:

calcite, calcium oxalate, gypsum, nitrates,
calcium oxalate weddellite (1475 cm), calcium
oxalate whewellite (896 cm-; Hernanz et al.,
2006), unidentified material (1060 cm-),
probably not barium carbonate

BRUKER
ysce
8
|
n
| f}
. | ‘L\ ’mwl& | (F W {A w
BV - | Mk
PV Vit Mot

500 1000 1500 2000 2500 3000

Page 1/1

21- dark ochre, background, AmOx:
calcite, calcium oxalate
bad spectrum

" noxeEr |
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Wavenumber cm-1
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22- dark ochre, background, AmOx:
calcite, quartz, gypsum, calcium oxalate,
nitrates, unidentified material (2000-2500 cm-?)

Page 1/1

23- white, border, AmOXx:

calcite (1433 cm too), calcium oxalate (895,
1465, 1489 cm whewellite; Hernanz et al.,
2006)

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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Comparison with spectra from June 2022 (see chapter 6.4)

*Number in brackets is from previous analysis. Darker spectrum is from current analysis; lighter spectrum is
comparison from the past analysis on the same position. Letter "C" stays for "comparison".

Scene Deposition from Cross

g BRUKER BRUKER
(>0 | G

24 (59)- carnation, Christ: 25 (58)- white, dress:
calcite, quartz, haematite (barely visible), calcite, gypsum
unidentified material (650 to 850 cm™, 1120- C: gypsum still visible, possibly even larger
1400 cm™ and 2000-2500 cm™?) amount than previous measurement
C: worse spectrum; hidden vibrations for
haematite; smaller band 1052 cm- (for nitrates),
additional unidentified material, possibly
organic
= >

BRUKER B BRUKER

1500 2000

0
1000

500

g
A «f\‘w)\ Wl \w‘w,mM,w‘w#!‘“w\ww ‘NﬂMrm,w%L‘«W««WM‘W W‘ ,

500 1000 1500 2000 2500
Wavenumber cm-1

T
500

Page 1/1 Page 1/1

26 (57)- red background, right from 25: 27 (55)- red background, right from green dress:
calcite, haematite, quartz, nitrates calcite, haematite, nitrates

C: not visible vermilion, but haematite instead; C: visible hematite beside calcite

less/ no gypsum

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required 113/127
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28 (54)- red background, right from green dress:

calcite, haematite, nitrates
C: disappears gypsum

Scene The Entombment

Page 1/1

29 (56)- filling beside scene Deposition from
Cross:

calcite, gypsum (little)

C: slightly more gypsum, although barely
present

: JBZ%R ‘ :
E g
H H
g | g
g F g
J"J
g W N " g
B Mwwdmw (N u ww 8
(Dl e Wontgadn ) r 0Lk L "
Tt N Moo WMMWMWWWWWW il A
°© T T T T T T °© T T T T Lo T
w0 100 500 00 0 0 w0 10 0 00 20 0
R R
Paceats Pace iy

30 (65)- ochre, pot:
calcite, quartz, gypsum
C: less gypsum

Scene Resurrection

31 (64)- filling:
calcite
C: no gypsum, no haematite

BRUKER g BRUKER
2 (>} (>0
g
@ 8
g
% o
g g

31 (63)- violet, grave:
calcite, quartz, gypsum, nitrates
C: more gypsum, similar amount of nitrates

33 (62)- white, decorative belt:
calcite, nitrates
C: more nitrates
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114/127



GDC ANALIZE in PREISKAVE - NO RC ®
J o<
g BRUKER
(>0
g
§

Page 1/1

34 (61)- white, decorative belt (2 spectra):
calcite (1437 cm™ too), gypsum (little), nitrates
(little)

C: more gypsum in one spot

Scene Crucifixion
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35 (52)- bright green, background:

calcite, nitrates

C: missing quartz, 977 cm (sulphates) and
unidentified material (730 cm), possibly
dolomite

36 (53)- violet, leg:

calcite, haematite, gypsum, nitrates

C: missing 980 cm; similar height for gypsum
or even higher

150 2000 2500
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g
8
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s 100 1500 2000 2500 2000 s 100 150 2000 2500 2000
u

Wavenumber cm-1

“ g 00 AN 1B enD  Bripodrka
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37 (51)- white, background:

calcite

C: not possible, because previous sample was
measured on red area

Page 1/1

38 (49)- brown, under a hand:

calcite, goethite, gypsum, nitrates

C: not possible, because previous sample was
measured on green area

Al rights reserved. For publication or other use of the material, a permission of IPCHS (Z1VKDS RC) is required
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39 (50)- green dress, white fold:
calcite
C: no differences

Scene Crucifixion 2
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40 (48)- red, dress, fold:

calcite, haematite, gypsum, nitrates

C: not possible, because previous sample was
measured on green area

Scene with Herod

14000

12000

WBMR
1 (O
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500 1000 1500 2000 2500 3000

41 (60)- red, background:
calcite
C: no differences
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42 (70)- blue, background:

calcite, carbon black

C: not possible, because previous sample was
measured on white area

Page 1/1

43 (68)- ochre, dress:

calcite, quartz, nitrates, unidentified material
(1062 cm), probably not barium carbonate
C: no goethite, additional quartz

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required
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; l Co<)
¢ BRUKER
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g 4
g 4
g 4
g 4
g 4

| - A‘LLM

Wavenumber cm-1

\ g T

44 (69)- carnation, leg:
calcite, quartz
C: additional quartz

b) Northern wall
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45 (87)- blue, background, right form castle:
calcite, carbon black, gypsum, nitrates

C: less gypsum, nitrates
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47 (85)- white, boarder line:
calcite, gypsum

C: less gypsum

Page 1/1

46 (86)- green, boarder line-

calcite, green earth, gypsum, unidentified
material (2000 to 2500 cm; not shown)

C: less gypsum, missing 492 cm for silicates
(Tournié et al., 2010)
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6.6 Raman evaluation of mock-up tests, February 2023
a) Southern wall

Barium hydroxyde on green areas

Wamn - consolidated spectra peak 986 cm and some
AN ) minor peaks for barium sulphate, which are
g not observed in reference

g - barium carbonate (1060 cm-1) in one

1500

consolidated spectrum and as a shoulder in
the second (Xiang et al., 2019)
A - casein bands visible only in sp. 49

1000

500

\ - phthalocyanine green

o
[
|

Page 1/1

48 & 49- green, ammonium caseinate, BaOH
50- green, ammonium caseinate, reference
(orange spectrum)

- gypsum in reference, less in treated areas
- Basulphate in treated areas
- Ba carbonate in one treated spectrum

3000

- in the same as above small band for nitrates

‘ (1048 cm™)

- ferrous sulphate (457 & 480 cm-; Buzgar et
al., 2009)

2000

200 400

51 & 52- green, tylose, BAOH
53- green, tylose, reference (grey spectrum)

- gypsum in reference, less in treated areas
- Ba sulphate in treated areas

- slight shoulder for Ba carbonates

- nitrates in one treated spectrum

- ferrous sulphate

- unidentified material (955 cm)

54 & 55- green, Arabic gum, BaOH
56- green, Arabic gum, reference (blue spectrum)
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Ammonium oxalate on ochre paint areas
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57 & 58- ochre, ammonium caseinate, ammonium

oxalate

59- ochre, ammonium caseinate, reference (grey)
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1000

[
| (WA i
T T T T

1500 2000 2500 3000
Wavenumber c-1

Page 1/1

60 & 61- ochre, tylose, ammonium oxalate
62- ochre, tylose, reference (blue)

5000

4000

3000

Page 1/1

63 & 64- ochre, Arabic gum, ammonium oxalate
65- ochre, Arabic gum, reference (blue)

- intense bands of calcium oxalate monohydrate
(whewellite, more, and weddellite, less)

- same amount of gypsum (maybe even more)
than before consolidation

- intense bands of calcium oxalate monohydrate
(whewellite, more, and weddellite, less)

- same amount of gypsum (maybe even more)
than before consolidation

- intense bands of calcium oxalate monohydrate
(whewellite)

- in one spectrum no oxalate is visible

- same amount of gypsum (maybe even more)
than before consolidation

- disappears band at 958 cm!
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Diammonium phosphate on red painted areas

- calcium phosphate
- unidentified material (615 and 669 cm1)
- gypsum still present, maybe even higher

: ﬁamn
(>0

4000

I - some nitrates visible

Page 1/1

66 & 67- red, ammonium caseinate, DAP
68- red, ammonium caseinate, reference (grey)

- calcium phosphate

5000

ﬁsmn
(<O

- gypsum disappears in one treated spectrum,

4000

but remains same in the other

69 & 70- red, tylose, DAP
71- red, tylose, reference blue)

- calcium phosphate
- gypsum disappears in one treated spectrum,

3000

but remains same in the other

2500

72 & 73- red, Arabic gum, DAP
74- red, Arabic gum, reference (red)
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b) Northern wall
; lsnu - barium sulphate, no barium carbonate

- no gypsum in treated areas (and in one

10000

untreated)

8000

6000

4000
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77 & 78- green, nanokalk CTS, BaOH
79 & 80- green, nanokalk CTS, reference (grey spectra)

<) - calcium oxalate
: BRUKER .
RS- - more gypsum than in reference

3000 4000 5000

2000

1000

AR WM |

500 1000 1500 2000
avenur

Page 1/1

81 & 82- black, nanokalk CTS, AmOx
83 & 84- black, nanokalk CTS, reference (blue spectra)
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6. DISCUSSION

Diagnostic investigations in Church of St. Helen in Gradi$¢e pri Divaéi (ESD 1566) started in 2001
when algae on northern wall were sampled. They continued with extensive sampling and different
types of non-invasive analyses from 2003 onwards. In the present report, we present and discuss
results of material and stratigraphic analyses as well as microclimatic monitoring, carried out between
2003 and 2010 as well as in 2021. In those years, church has been sampled several times for different
purposes. However, it is expected that in the following years, when work will continue on conservation
of wall paintings, additional analyses will be carried out to monitor cleaning and consolidation
efficiency and possible influences of selected methods.

Analyses can be divided into several groups: in situ analyses and laboratory analyses, material
characterisation, state of preservation monitoring, cleaning and consolidation efficiency analyses as
well as microclimatic monitoring.

To obtain as much of the above mentioned information as possible, several non-invasive as well as
micro-invasive methods were applied: on site microclimatic monitoring using dataloggers,
thermography, in situ Raman and XRF non-invasive analyses, whereas on extracted micro samples
optical and scanning electron microscopies as well as infrared (FTIR) and Raman spectroscopies.

Microclimatic conditions are (still being) measured in four positions — on each wall. The
measurements can be compared to environmental monitoring at nearby Park Skocjanske Jame.
Measurements were carried out in winter 2004-2005 as well as from December 2020 onwards.
Measurements show that conditions vary only slightly in different parts of the church. The highest
temperatures are, as expected, on the southern wall. They vary considerably more than on other sides
of the church, on daily basis as well as within longer time periods. Temperature fluctuations can affect
different materials, especially by changing volume of the objects (for composed objects this is
especially endangering, since various materials response differently to heat changes). Temperatures
have also great influence to relative humidity (RH).

The RH never reached 100% but came close several times, especially in winter months. Humidity
fluctuations in the church follow temperature fluctuations — after raising temperature, RH drops — and
are slightly more intensive on southern side of the church. Comparing our measurements with weather
reports, we can say that external conditions have important influence to RH within the church. Most of
the time RH in the church exceeded 68%: 77% of time on southern wall and even 90% of time on
northern wall. Such conditions are favourable of microbial growth, metal corrosion and salt
efflorescence on walls. As observed by example from beginning of June, opening of the church on
warm and dry days can substantially lower the RH in the church. This should be a recommendation for
locals taking care of the church. Should passive airing not help, active mechanical ventilation or wall
heating should be considered.

IR thermography was carried out on parts of the southern and northern walls. Preliminary
thermographic analyses do not show colder walls close to the ground, which would suggest capillary
water rising from the floor. Larger areas of plaster blistering were observed by this method, as well as
positions of stones and mortars under paint layers.

Two mortar samples were extracted from interior and exterior of northern church wall. Sample
GDC 24 is mortar from the lower part of the north wall. The plaster probably consists of two layers.
The boundary between the layers is clearly visible and traceable on part of the thin section, but in some
places, this boundary is blurred and we cannot trace it. It is possible that the work was interrupted in
the meantime and the plaster dried, and that the same composition of plaster was used and applied
later. We conclude this because the aggregate is practically the same in both layers, as well as the size
of the grains. An aggregate of silicate composition was used, consisting mainly of quartz grains, but
also to a small extent of mudstones and lithic grains of quartz sandstones and siltstones. The grains
have a size of 0.05 to 0.65 mm and correspond to the fraction of fine to medium sand. The binder,
which is lime, predominates over the aggregates. The possible presence of water-soluble salts in the
mortar was verified by FTIR spectroscopy. The results showed that water-soluble salts were not
present or were present in such small amounts that they could not be detected by the analysis.
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Sample GDC 25 is a mortar between the stones of the outer north facade. Also in this sample an
aggregate with silicate composition (quartz, feldspar, lithic grains of quartz sandstone) was used. The
grains range in size from 0.05 mm to 0.46 mm and correspond to the fraction of fine to medium sand.
The binder is lime and predominates over aggregates. The presence of water-soluble salts was not
confirmed by FTIR spectroscopy in this sample either.

Pigment analyses were carried out in situ as well as on extracted samples, in both cases with Raman
spectrometers. Following pigments were detected in the painting: haematite (possibly in some areas
caput mortuum), goethite, green earths, magnetite, carbon black and quartz, maybe also vermilion.
Additionally, XRF analyses revealed possible, but questionable, presence of copper on dark green
garment of Wise Man on the white horse. No copper green pigment was identified by Raman
spectroscopy in the same area (GDC 33). Calcite was detected in all analysed samples, as expected,
since painting technique is fresco.

Additionally to in situ Raman spectroscopy, pigment analyses were carried out on extracted micro-
samples, where each different pigment grain can be analysed separately. Additionally to non-invasive
analyses, kaolinite was identified and vermilion confirmed, laying over haematite layer.

Blue layer in sample no. 39 is probably just whitewash — no blue pigment was observed neither in
cross-section, nor in raw sample.

Different degradation products were observed on paintings. Gypsum salt was observed in in situ
spectra on most of the analysed surface areas on both, southern and northern wall. Interestingly, it
was observed only in few micro-samples with Raman spectroscopy. SEM EDS analyses on micro
sample cross-sections revealed that it is present in untreated samples, mainly on northern wall, in thin
surface layer, whereas from in situ analyses it seems that there is more gypsum on southern wall,
which is not very probable.

Beside gypsum salts, sodium chloride and nitrates were observed in some analysed samples and in situ
measurement points (Raman band at 1049 cm). Band at 1049 cm™ is observed in Ba carbonate
treated areas, but not in other Raman spectra of extracted samples. On the other hand, in in situ
Raman spectra this band is observed in areas, which were not treated with Ba carbonate and are not
observed in area treated with Ba carbonate (R8). This pattern does not provide us with a clear picture
about the presence of nitrates in different areas.

Relatively scarce presence of calcium oxalates suggests that despite high RH values, biodegradation is
not widespread on paintings.

White crust in some areas (e.g. GDC 45) is gypsum. It is present on surface and its amount diminishes
with depth and disappears after approx. 150 um

Organic materials were analysed by FTIR spectroscopy in selected micro-samples. Two surface
stains were analysed. In one wax was identified with certainty (GDC 29). In the other sample (GDC 28)
mainly salts were identified, and maybe some carboxylates which hint to presence of organic materials,
containing carboxylic acids (wax, resin or oil). In some analysed samples, presence of either proteins
or calcium oxalates were identified. To specify the results, immunofluorescence microscopy was
performed for ovalbumin on three samples, extracted in 2003. Analysis confirmed presence of
proteins in two samples (GDC 4 and 5), but not on the third one (GDC 10). Samples with ovalbumin
were both extracted from green areas and show presence of proteins in plaster layers and in paint
layers. It is not clear, whether this was due to consolidation or original material.

Interesting features are (mainly) black surfaces, which under UV light fluoresce orange. The orange
fluorescence is visible not only in situ, but also in cross-sections under the microscope. It seems that
there is a fluorescent binder, which connects black particles, but could be also remnants of a coating
layer. FTIR spectra of the sample did not give a conclusive information about the fluorescent material.

Beside material identification, aim of the analyses was to support observations from cleaning tests and
asses the efficiency of the consolidation trials. Cohesion assessment was observed on selected
cotton swabs. On the analysed swabs, mainly calcite and salts (mainly gypsum and calcium oxalates)
were present. Some of the cotton swabs were coloured by fine pigment dust and single pigment
particles were observed.

All rights reserved. For publication or other use of the material, a permission of IPCHS (Z17KDS RC) is required 124/127



. / N\
GDC ANALIZE in PREISKAVE — NO RC @

Cohesion assessment swabs revealed different cleaning dynamics regarding gypsum removal: in some
relative amount of gypsum seemed to increase with following swabs but in other it decreased.

Conservation treatments were evaluated on white frame on southern wall. Area cleaned with pure
water and the one consolidated with barium hydroxide did not reveal presence of gypsum. Untreated
sample revealed only some gypsum aggregates and in the area treated by ammonium bicarbonate and
barium hydroxide with poultice thin surface layer of sulphate salts (probably gypsum) was observed.
Research on single samples without parallels cannot always be regarded as reliable. Since in cross
sections more gypsum was observed on northern wall, a comparison of the same group of treatments
would be interesting.

The samples treated with barium hydroxide were monitored for depth of penetration. The SEM EDS
mapping revealed that barium remained mainly in the surface layers of the paint (it penetrated to
approx. 50 um depths), however in more porous areas (possibly cracks) it penetrated deeper, up to
200 pm.

From the above results, we can conclude that analyses revealed information about material
composition and presence of degradation products. However, not all questions were satisfactory
answered.

Cleaning tests were carried out on selected areas with ammonium bicarbonate and anionic resins.
They were analysed by non-invasive Raman spectroscopy and compared with uncleaned areas. There
was no clear pattern regarding special distribution of soluble salts. Amount of gypsum was
substantially lowered by cleaning process, especially on S and W wall, where its amount was already
initially lower. However, some gypsum remained on the surface. Sometimes it even seemed that its
amount increased, as if it was soaked from the depth. Different to gypsum, nitrates did not disappear
after cleaning tests.

Later consolidation tests were carried out and areas were analysed by non-invasive Raman
spectroscopy as well as on some extracted samples. On areas consolidated with BaOH barium
carbonate and barium sulphate were observed (e.g. spectra 13, 15, 19 and 1, 2, 5, 14, respectively), but
this only in certain points. On extracted samples (e.g. GDC 37 and 38) we could observe Ba ions with
SEM EDS reaching into depth around 100 um on solid surfaces and up to 200 pum in cracks. Another
tested consolidant was ammonium oxalate, where in all spectra reaction product calcium oxalate was
observed.

Nitrates were observed in most of consolidated spectra and gypsum in some.

In situ mock-up samples were prepared on presbytery walls to test different retouching binders:
ammonium caseinate, tylose and Arabic gum, and pigments earth green, yellow and red ochre and
carbon black. During the analysis, it turned out that the green earth actually contains phthalocyanine
green pigment, a synthetic pigment discovered in the 1930s, which is considered stable, but differs
greatly in its composition from the green earth used in the original painting. (Eastaugh et al. 2004).

The surfaces were consolidated with BaOH (5%), ammonium oxalate (5%), diammonium phosphate
(DAP, 5%) and nanolime. In samples consolidated with BaOH, we observe both vibrations for barium
sulphate in all analysed spectra, and in certain spectra also for barium carbonate. We conclude from
the spectra that the amount of gypsum on the surface of surfaces consolidated with this treatment has
decreased. After consolidating with ammonium oxalate, calcium oxalate formed on the surface, but the
amount of gypsum did not decrease. Calcium phosphate, a poorly soluble material, is visible on the
surface of DAP treated samples, a product of the chemical reaction of calcium ions from the painting
or gypsum salts with phosphate ions from a consolidant (Molina-Piernas et al., 2017). Gypsum
disappeared in some DAP treated areas, while the same amount as before treatment remained in
others.
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Report: Summer School Gradisce pri Divaci, St. Helen, 2021

Introduction

By Cecile Roulin, Supsi

In the framework of the 2021 Summer school in the Church of St. Helen in Gradisce pri Divaci in Slovenia,
numerous photos have been used to document the work carried out. Some of them are previous photos,
bellowing to the historical documentation and some others have been taken directly on the site of St. Helen.

Historical photos

All the historical photos of the church could be collected on the MS Teams interface dedicated to the project,
in the folder called “Historical documentation” (jpeg and pdf format). This is a series of black and white
photos of the interior of the church, taken during the years 1965-1966. There are also two exterior photos
from 1995, taken by the “Turisticka zajednica Istarske zZupanije” (Istrian County Tourist Board).

On site photos

All the on site photos are photos that illustrate the whole investigative work carried oud from August 2 to 27,
2021 in the church of St. Helen. This observation’s work has been done thanks to the technical photography:
with a digital camera: visible light, raking light, UV-photos (with an UV-LED light);

with a portable microscope.

All the photos are collected on the MS Teams interface dedicated to the project. They are divided into
different folders according to their functionality:

in the “Building” folder, the general photos of the building can be find: exterior, photos that are not directly
related to the work done during the Summer school, past inspections, etc (raw, tiff, jpg format).

The “Photos_of the_church” folder is dedicated to the work carried out during the Summer school:
sometimes focused on a particular detail, other times much more general, the photos illustrate the
investigations, the experiments, and the results. The folder is divided into 3 sub-folders, corresponding to
each wall of the church. Each sub-document is in turn divided into 5 sub-folders, corresponding respectively
to: the reference photo, the executive technique, the previous interventions, the degradation phenomena and
the intervention. In one other sub-folder “General”, general photos of the working’ site can be find, which
simply illustrate the daily life of the project (raw, tiff or jpg format.)



In the “Investigation” folder, the photos are intended to be a precise illustration of the investigations carried
out, and a tool for understanding the results. The folder is divided into the portable microscope’s photos, the
multispectral imaging, the thermovision photos, and the sampling photos (raw, tiff, jpg format).

Naming of the on site photos

Each photo taken on the working ‘site is named according to a specific nomenclature, that corresponds to the

location / edifice / wall / date / initials of the author / number of the photo.
Here for example: g ch_nw_20210308 f1_01.
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Location | Edifice Wall Date Initials of the photo’s Photo
author number
Gradis¢e | Church North Yyyymmdd | First name of the author | XX
St. Helen | Wall Last name of the author
g ch nw 20210308 | fl 01
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PHOTODOCUMENTATION

1. Original painting technique

-

L — T

% s ;
i

Photo I: gra_csh_nw_op_vis_ZO108_3; Fresco ating technique with | Photo 2: gra_csh_nw_op_rl_202108_8; Example of direct incisions and
secco finishing. punzonatura on painting.

2

5

4: gra_csh_nw_op_vis_20210813_12; Detail pontata.

vl ""ﬁ“t. o g { X AR _xAd
_nw_op_vis 202108 1; Detail of colour deposit in Photo
resemblance of brush stroke.

e T
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3. PHOTODOCUMENTATION

Deterioration phenomena

Photo 5: gra_csh nw_dp vis 20211116_5; Example of opened and active
lacuna.

Photo 6: gra_csh nw_dp vis 20211116 _2; Different deposits and
impurities on surface of the painting.

N

o % A

Photo 7: gra_csh_ nw_dp rl 20210813 _3; Crack on north wall.

i Dy 7% Weea
Photo 8: gra_csh_sw_dp_vis 20210813 _6; Example of lacking colour
layer due to abrasion or other mechanical causes.
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3. PHOTODOCUMENTATION

3. Previous treatments

25 f |

Photo 9: ‘gr‘a-_csh_nw _pt_vis 20210813 _2; Filled crack during previous
restoration treatment.

Photo 10: gra_csh_ ww_pt vis 20211116_2; Example of previously done
infillings on west wall.

Photo 11: grai_csh_nw_dp_rl_ZOZl 1116 _1; Example of a previously done
infilling.

Photo 12: gra_csh nw_dp vis 20211116 _1; One of the spots of grout
injection.

~
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3. PHOTODOCUMENTATION

4. Noninvasive investigations (FIRST INVESTIGATIONS OF STATE OF FRESCOS)

Photo 29: gra_csh_peopleworking 20210818 _investigation 7; Photo 30: gra_csh_peopleworking 202108 investigation 7; Investigation
Investigation with portable XRF. of state of colour layer with portable microscope.

Photo 31: gra _csh_peopleworking 20210818 investigation 16; Photo 32: gra_csh_peopleworking 20210818 _investigation 14;
Investigation of state of colour layer under raking light. Investigation of state of colour layer under UV light.
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3. PHOTODOCUMENTATION

Noninvasive investigations (FIRST INVESTIGATIONS OF STATE OF FRESCOS)

Photo 33: gra_csh peopleworking 202108 investigation 4; Detailed
investigation of state of the fresco’s surface.

Photo 34: gra _csh peopleworking 202108 investigation 15; Detailed
investigation of state of the fresco’s surface.

ol == 4

Photo 35: gra_csh peopleworking 20210809 lecture 7; Discusion about
findings of investigations.

Photo 36: gra_csh_peopleworking 20211116 _investigation 3; Taking a
sample of the wall painting.
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PHOTODOCUMENTATION

Noninvasive investigations (UV)

Photo 13: 1 _gra csh nw_a vis 20210813 detail lion; Detail of a lion
under visual light.

Photo 14: 1bb_gra csh nw_a uv_20210813 detail lion and mouse 2;

INluminated with UV light, we could see an animal between lions’s legs.

Photo 15: 2a_gra_csh ww_a vis 20210813 detail window; Detail of a
window under visual light.

Photo 16: 2b_gra csh ww_a uv_ 20210813 detail window; Illuminated
with UV light, the window starts to fluorescence.

10
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3. PHOTODOCUMENTATION

4. Noninvasive investigations (UV)

Photo 17: 1a_gra csh ww_a vis 20210813 detail twig; Detail of a twig
under visible light.

Photo 18: 1b_gra csh ww_a uv_ 20210813 detail twig; Illuminated with

UV light, details on painting start to fluorescence.

Photo 19: 2a_gra csh nw_a vis 20210813 detail 2 consolidant; Detail of
a dress under visible light.

Photo 20: 2b_gra csh nw_a uv 20210813 detail 2 consolidant;
Illuminated with UV light, the dress starts to fluorescence.

11
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3. PHOTODOCUMENTATION

o s ’ |

Photo 21: gra_csh nw_a dl 3OX_2021081 7 1.2 arriccio_inside lacuna;

Photo 22: gra_csh nw_a dl 20210848_stenci1_border; Detailed photo

of stencil, which is visible in places, where colour was abraded.

Detailed photo of opened lacuna, where you can see underlying arriccio.

. g =
. A %

. 3 -
J . ] -
- -. .
» .

Photo 23: gra_csh_ nw_a dl 30x 20210819 5 after cleaning; Detailed

photo of yellow surface after cleaning treatment.

Photo 24: gracsh_sw a dl 30x 20210819 3 white residues; Detailed

photo of white residues on red colour layer.




Report: Summer School Gradisce pri Divaci, St. Helen, 2021

3. PHOTODOCUMENTATION

4. Noninvasive investigations (PORTABLE MICROSCOPE)

Photo 25: gra_csh nw_a dl 20210814 4 intonaco_surface; Detailed Photo 26: gra Csh sw_a dl 30x 20210819 1_violet fresco Detailed

photo of mtonaco and under lying arriccio. photo of violet firesco with secco finishing.

Photo 27: gra_ csh SW_a dl 30x 20210819 7 red backgroud abrasion; Photo 28: gra_csh_ nw_a dl 20210814 1 (under)drawing_red; Detailed

Detailed photo of abrasion of red colour layer. photo of red underdrawing.

13
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5. PHOTODOCUMENTATION
3. Interventions (COHESSION ASSESSMENT)

Photo 37: gra_csh_peopleworking 20210813 investigation 2; Cohesion Photo 38: gra_csh_ nw_a vis 20210816_AB 06 CA_1; Cohesion
assessment performed with cotton swabs wetted in destiled water. assessment of violet colour part.

Photo 39: gra_csh_ nw_a vis 20210816_AB 17 CA_1; Cohesion Photo 40: gra_csh_nw_a vis 20210816_AB 23 CA_1; Cohesion
assessment of black colour part. assessment of green colour part.

14
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3. PHOTODOCUMENTATION

3. Interventions (COHESSION ASSESSMENT)

Photo 41: gra_csh_sw_a vis 20210816_AB 45 CA_1; Cohesion Photo 42: gra_csh_ nw_a vis 20210816 MB_07 CA_1; Cohesion
assessment of yellow colour part. assessment of brown colour part.
7 ‘

Photo 43: gra_csh_sw_a vis 20210816 _AF 21 CA_1; Cohesion Photo 44: gra_csh_nw_a vis 20210816 NP 15 CA_1; Cohesion
assessment of blue colour part. assessment of red colour part.

15
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3. PHOTODOCUMENTATION

3. Interventions (SPONGE TEST)

k

Photo 45: gra_csh_a _vis 20210814 ST 1; Preparations for sponge test.

: il ? i 0 N
Photo 46: gra_csh_a vis 20210814 ST 5; Example of performed sponge
test on one of testing locations.

Photo 47: gra_csh_a vis 202108 14ST_4; During sponge test, we
measured time of exposure.

Photo 48: gra_csh_a vis 20210814 ST 3; Detailed report on locations of
tests and results.

16
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3. PHOTODOCUMENTATION

5. Interventions (CLEANING TRIALS)
L ‘ o AT & = B e 7

sl

Photo 49: gra_csh _peopleworking_202108_cleaing_lO; Applying of
Japanese paper with water-wetted brush.

i
Photo 50: gra_csh_peopleworking 202108 cleaning_8; Water cleaning

with sponge through Japanese paper.

- i S =
B . SR
Nt

Photo 51: gra_csh _peopleworking 20210818 cleaning_17; Removing the
poultice mixed with ammonium bicarbonate.

Photo 52: gra_csh_sw_a_vis_20_210814_AB-P;1; Example of applied
poultice mixed with ammonium bicarbonate.

17
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3. PHOTODOCUMENTATION

Interventions (CLEANING TRIALS)

2 oy

Photo 53: gra_csh_peopleworking 20210819 cleaning 1; Appliying of

Photo 54: gra_csh_ nw_a vis 20210813 AB-P_1; Applying of poultice
mixed with ammonium bicarbonate.

anionic exchange resins through Japanese paper.
; AT R o TR ) T T T
e o

Photo 55: gra_csh_peopleworking 20210817 cleaning_2; Attempt of
abstraction of white residues with triammonium citrate.

Photo 56: gra_csh_nw_a_is_20210814_W—JP_1; State of used water
after cleaning trials.

18
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Introduction

By Katarina Bartolj

When we finished all the examinations of the wall paintings and got a general idea of their
current state, we began to perform different investigations and try-outs. We were interested to
find out the reasons behind the current state of the paintings and especially, how do they behave
under different treatments and with usage of different materials. It is of most importance to find
this out to know, how we will treat the paintings in the future and which materials are the most
effective and non-threatening for the artwork.

During examinations of the wall paintings we noticed visible impurities and stains all over the
surface, that were clearly not meant to be there and were disrupting overall impression of
paintings. It had been decided to try to remove them. Before any cleaning trial, we had to assess
the state of cohesion of different colour areas. Therefore, we performed cohesion assessment trial
by gently cleaning small areas of different colour surfaces with water-wetted cotton swabs.
During this trial we were watchful of response of the surface on water as a cleaning agent and its
overall cohesion. Most of the cleaned colour areas indicated, that they are generally stable, their
response to water cleaning agent appeared to be satisfactory, with the exception of some red and
yellow colour parts, where we will have to be careful in the future during cleaning procedures.
After this promising results, we decided to proceed with more broad cleaning trials. First, we
selected a few areas on different walls, where we performed our try-outs. All selected areas we
cleaned with sponges and left to dry overnight. During the cleaning, we could see, that we
removed some impurities off the surface, which seemed more colourful and overall cleaned after
the procedure. After the drying process, we observed, that in some areas white veil has formed on
the surface.

To treat the white veil and further clean the surface, we decided to try ammonium bicarbonate
solution. We also tried different methods of application. The most efficient seemed to be
application of the solution in form of poultice. In some cases, the white veil was easily cleaned
off the surface after the bicarbonate treatment, in other the white veil seemed to grow even
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further. To treat such areas, we tried different mechanical methods, which were all mostly
efficient, and some chemical, such as triammonium citrate, which also gave sufficient results.
After we got such good results with ammonium bicarbonate treatment, we decided to try cleaning
the surface also with ammonium carbonate. The treatment was successful in removing the white
veil and also some unidentified grey-ish stains on the upper side of the northern wall.

We also tried the treatment with ionic exchange resins to try to treat the sulfation of the surface.
The results are quite minimal and negligible.
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Cohesion assessment

Cohesion assessment on the Northern wall ...................... 1
Cohesion assessment on the Southernwall ...................... 2
Cohesion assessment on the Western wall ....................... 3

Cleaning and consolidation trials

On the Northernwall ........................ 4
Onthe Southernwall ..., 5
OntheWesternwall ........................ 6
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Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Cohesion assessment, Northern wall.

Location: Gradiscée pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

LEGENDA:

Cohesion assessment made by: Alberto Felici, Marta Bensa,

Andrej Jazbec, Blaz Seme, Anka Bati¢, Neva Poloski.

Cohesion assessment




Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Cohesion assessment, Southern wall.

B & ilisteu Zagreb
TN S Al e
] supsi e

LEGENDA:

Cohesion assessment

Location: Gradiscée pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

Cohesion assessment made by: Alberto Felici, Marta Bensa,
Andrej Jazbec, Blaz Seme, Anka Bati¢, Neva Poloski.




Summer School Gradisc¢e pri Divaci, St. Helen, August 2021: Mapping, Cohesion assessment, Western wall.
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LEGENDA:

Cohesion assessment

Location: Gradiscée pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

Cohesion assessment made by: Alberto Felici, Marta Bensa,
Andrej Jazbec, Blaz Seme, Anka Bati¢, Neva Poloski.




Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping,

Cleaning and consolidation trials, Northern wall.
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LEGENDA:

Cleaning with deionized water

Cleaning with anionic resin

Y

LI

Cleaning with ammonium carbonate
- japanese paper

Cleaning with ammonium carbonate
- poultice

Cleaning with ammonium bicarbonate
- japanese paper

Cleaning with ammonium bicarbonate
- poultice

Cleaning with ammonium bicarbonate
- poultice with sepiolit

Consolidation with barrium hydroxide
- poultice

Location: Gradiscée pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

Trials made by: Alberto Felici, Marta Bensa, Andrej Jazbec,
Anka Bati¢, Neva Poloski.
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Univessity of Ljubljana

Summer School Gradis¢e pri Divaci, St. Helen, August 2021: Mapping, Cleaning and consolidation trials, Southern wall. R SR &

LEGENDA: Location: Gradiscée pri Divaci

Object: Church of St. Helen
Subject: Wall paintings

Cleaning with ammonium carbonate Cleaning with ammonium bicarbonate

. . . . . Cleaning with ammonium bicarbonate
Cleaning with deionized water - japanese paper - japanese paper

- poultice with sepiolit

NN Trials made by: Alberto Felici, Marta Bensa, Andrej Jazbec,
:E \&\\EEN Cleaning with ammonium carbonate Cleaning with ammonium bicarbonate Consolidation with barrium hydroxide Anka Bati&. Neva Poloski
Cleaning with anionic resin \ N \ \1 - poultice - poultice - poultice 5 .




Summer School Gradis¢e pri Divaci, St.

Helen, August 2021: Mapping, Cleaning and consolidation trials, Western wall.

sty of Ljubljana
demy of Fine Arts
Design

LEGENDA:

Cleaning with deionized water

Cleaning with anionic resin

LI

Cleaning with ammonium carbonate
- japanese paper

Cleaning with ammonium carbonate
- poultice

Cleaning with ammonium bicarbonate
- japanese paper

Cleaning with ammonium bicarbonate
- poultice

Cleaning with ammonium bicarbonate
- poultice with sepiolit

Consolidation with barrium hydroxide
- poultice

Location: Gradiscée pri Divaci
Object: Church of St. Helen
Subject: Wall paintings

Trials made by: Alberto Felici, Marta Bensa, Andrej Jazbec,
Anka Bati¢, Neva Poloski.
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Summary

by Marko Odi¢

The 2021 Summer School was divided into parts, two weeks online from home and two
weeks of on site work. First week was a preliminary course to introduce these topics and
issues:

¢ methodology and interdisciplinary approach towards conservation of wall paintings,
techniques of intervention;

data collection and management;

presentation of wall paintings in Karst region;

information about risk assessment, environmental monitoring and conditions;
methodological and interdisciplinary approaches on conservation of wall paintings;
and for the end of first week, theoretical reflections on preserving the cultural
heritage.

After the preliminary week the second part started, the on site work, we began to assess the
object of exploration and conservation, the Church of St. Helen. In two weeks of on site work
we assessed and performed a myriad of operations, starting from individual and group
observations, mapping and description of the technical executions and materials, described
decay phenomena of the wall paintings, started work on visual glossary and executed a
multitude of research activity, starting from non-invasive to invasive procedures.

For work optimisation the students were divided into two groups. In the first week, one group
was performing a detailed indoor mapping of the conservation phenomena for visual
glossary; original painting techniques, deterioration phenomena, previous treatments and later
on, contemporary (ours) interventions. Second group was the outside group, which assembled
mappings with the aid of computer technology into a cohesive unity, the visual glossary.

In the second week, as the second phase started, the students were more pro-active in
research and investigations, where the experts and professors guided us, students, in
performing technological research. Thus, we have performed eye assessments, UV light
observations, multi spectral analyses, thermography, XRF, portable FT-IR, and of course,
chose a selection of samples for observation on microscopic levels, optical and electronic,
solubility tests and first trials; cleaning, consolidation tests and other interventions, typical for
first trials. My tasks were combining mappings into the visual glossary, operating UV light
and photographic equipment, assisting with other technological equipment and doing specific
sampling testing; colour adhesion trials, wall humidity trials, etc.

For conclusion of the on site operations, we have presented our results to all involved in the
project, sponsors, contributors, and the local community. In these two weeks on site, we have
visited many cultural-historic sites with the aim of deeper understanding of its surroundings.
The Hrastovlje wall paintings have shown us the horizons, painting techniques and
technologies of the John of Kastav’s workshop, the detail and wholeness of major
architectural object on example of Piran’s Church of St. George we explored many other
natural and historical landmarks, the gkocjan caves. In addition to the cultural visits, we had
some relaxing moments such as the boat trip to Piran or the excursion along the river Reka
which made our stay in this region pleasant as well as interesting.

After the on site work the last week of joint operations followed. The analytics and
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concluding works, where we prepared complete graphical documentation and individually
written final reports, condition assessment of the wall paintings and a proposal for a
conservation treatment.

Daily plan

2-6 August

WEEK 1 online: Zoom

DAY 1
Monday, 2. 8.
9.00-17.00

9.00-10.30
- Introduction of the partners and participants

- Presentation of the summer school (short PPT of each institution):

Ajda Mladenovi¢ (IPCHS); Giacinta Jean (SUPSI); Blaz Seme
(ALUO); Jonas Roters (HKB); Suzana Damiani or Neva Poloski
(ALU)

10.45-12.30

- Presentation and introduction about the site and history of the church
(Marta Bensa IPCHS, Minka Osojnik IPCHS)
- Available documentation (Marta Bensa IPCHS, Minka Osojnik
IPCHS)
- Group forming
12.30-13.30 Lunch Break
13.30-14.00
- Lecture: Examples of mapping: Materials and techniques, previous
interventions, decay phenomena (Alberto Felici, Giulia Russo, Stefania
Luppichini SUPSI)
15.30-16.15
- Group work: Prepare a base line graphic documentation on the base of
the professional rectify photos to be used for future mapping
(AutoCad)
16.30-17.00
- Feed back — groups exchange information

DAY 2
Tuesday, 3. 8.
9.00-17.00

9.00-10.00
- Lecture: The methodological and interdisciplinary approach for the
conservation of wall paintings (Alberto Felici, SUPSI)
10.15-12.30
- Group work: Prepare a base line graphic documentation
12.30-13.30 Lunch Break
13.30-14.30
- Lecture: Data collection and data management (Giulia Russo,
Stefania Luppichini, SUPSI)
14.30-16.15
- Group work: Prepare a base line graphic documentation
16.30-17.00
- Feed back — groups exchange information




Report: Summer School Gradisce pri Divaci, St. Helen, 2021

DAY 3 9.00-10.00
Wednesday, - Lecture: Techniques and materials of Slovene wall paintings (Martina
4. 8. L. Kikelj, IPCHS)
10.15-12.30
- Group work: Prepare a base line graphic documentation
12.30-13.30 Lunch Break
13.30-14.30
- Lecture: Wall painting monuments of the Karst region (Minka
Osojnik, Andrej Jazbec, IPCHS)
14.30-16.15
- Group work: Prepare a base line graphic documentation
16.30-17.00
- Feed back — groups exchange information
DAY 4 9.00-10.00

Thursday, 5. 8.

- Lecture: Regular condition monitoring and risk assessment as a basis
for preventive and planned conservation: the case of medieval wall
paintings in Slovenia (Blaz Seme, ALUO)

10.15-12.30

- Group work: Prepare a base line graphic documentation
12.30-13.30 Lunch Break
13.30-14.30

- Lecture: Scientific investigation for the study of wall paintings
(Francesca Pique, Patrizia Moretti, SUPSI)

14.30-16.15
- Group work: Prepare a base line graphic documentation
16.30-17.00

- Feed back — groups exchange information

DAY S
Friday, 6. 8.

9.00-10.00
- Lecture: Environmental monitoring and conditions of the Gradisce
church (Katja Kavkler, IPCHS)
10.15-12.30
- Group work: Prepare a base line graphic documentation
12.30-13.30 Lunch Break
13.30-14.30
- Lecture and discussion: Preserving the authentic - basic principle or
empty phrase? (Jonas Roters, HKB)
14.30-16.00
- Group work: Prepare a base line graphic documentation
16.15-17.00
- Feed back — groups exchange information (finished mapping and fist
ideas about visual glossary)
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Sunday, 8. 8. Travel and arrival
See Practical Information
9-15 August
WEEK 2 on site
DAY 1 On site:
34(;’(;“1127‘3’609 8. LECTURE 1: Short presentation of all partners — introduction of
1230 -13.30 participants

Lunch Break

Practical work on site:
e Individual observation of the church exterior and of the wall painting

inside.

e Feedback on individual observations, Group forming

e Observation, description and mapping of the technical executions and
materials and decay phenomena of the wall paintings

e Visual glossary: definition and organization

e Feedback — groups exchange information

DAY 2 Conference room:
;‘(;gf‘ll_‘;yo’olo' 8. LECTURE 2: Non-invasive and invasive analyses of paint layers,
12,30 -13.30 mortars and degradation products of originals and former interventions
Lunch Break in the Church of St. Helen (Katja Kavkler, IPCHS)
LECTURE 3: Presentation of restoration works at church of Virgin
Mary in Dolenja vas (Minka Osojnik, Andrej Jazbec, IPCHS)
Practical work on site:
e Discussion on the results of the diagnostic investigations
e UV light observation
e Observation, description and mapping of the technical executions and
materials and decay phenomena of the wall paintings
e Feed back — groups exchange information on the on the daily activities
carried out
DAY 3 Practical work on site:
;‘:)e(;i_‘llssggy’ 11.8. e Thermography (Katja Kavkler IPCHS) — depends on the weather
12.30 -13.30 (flexible activity)
Lunch Break e Observation, description and mapping of the technical executions and

materials and decay phenomena of the wall paintings
e Feed back — groups exchange information on the on the daily activities
carried out

Conference room:

LECTURE 4: Case Study: Medieval Wall Paintings in the Church of
St. Mary of Pond in Gologorica; Researches and treatments (Neva
Poloski, ALU)
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LECTURE 5: Microorganisms.: mechanisms of biodeterioration, but not only!
(Cristina Corti, SUPSI) + practical exercises

DAY 4 Practical work on site:
;l(;'(;rls‘;?%’ 12. 8. e Observation, description and mapping of the technical executions and
1'2.30 _1' 3.30 materials and decay phenomena of the wall paintings
Lunch Break e Discussion: the conservation needs, concept of the intervention and
criteria for the choice of materials and techniques
Afternoon excursion (2 hrs): church of Virgin Mary in Dolenja vas
(Andrej Jazbec, IPCHS)
DAY 5 Practical work on site:
g‘(')‘(‘)ialy; 33 8. e First trials: cleaning, fixing, first intervention treatments
1.2.30 _1' 330 e Assessment and documenting the trials carried out
Lunch Break e Feed back — groups exchange information on the on the weekly
activities carried out
WEEKEND All day excursions:
14. 8. and 15. 8. SATURDAY
Holy Trinity Church, Hrastovlje (Marta Bensa, Anita Kav¢i¢ Klancar,
IPCHS)

The church is painted with Gothic frescoes by Johannes de Castua from
1490.The most famous is the Dance of Death or "Danse Macabre";
approx. 2 hrs + time for lunch

Lipica Stud Farm

Lipica is the oldest European stud farm continuously breeding one of the
oldest cultural horse breeds. As such it has a remarkable significance as
a cultural, historical and natural heritage for Slovenia and Europe;
approx. 2 hrs

SUNDAY

Piran (Minka Osojnik, IPCHS)

Visit of the medieval town, its town walls, church of Saint George, the
bell tower, boat trip...+ time for lunch

16-21 August
WEEK 3 on site

DAY 1 Practical work on site:

34(;’(;1‘;27‘)’6016- 8. e Assessment of the trials carried out (Katja Kavkler, [PCHS)

12.30 -13.30 e First trials: cleaning, fixing, first intervention treatments

Lunch Break ¢ Planning diagnostic insights

DAY 2 Practical work on site:

;‘(;35‘11;3’0’017- 8. e Non-invasive: multispectral images, XRF, Portable FT-IR, portable
1230 -13.30 Raman,

Lunch Break
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e Invasive: samples for observations with optical and electronic
microscope, cross sections and thin sections, FTIR and Raman
microscopes, dissolving tests First trials: cleaning, fixing, first
intervention treatments (Katja Kavkler, IPCHS)

e First trials: cleaning, fixing, first intervention treatments

Afternoon excursion (3 hrs): Visit to the Skocjan caves — the UNESCO
world heritage site (optional)

DAY 3 Practical work on site:

}Xeg“es‘lay’ e First trials: cleaning, fixing, first intervention treatments

9.00-17.00

12.30 -13.30

Lunch Break

DAY 4 Practical work on site:

gl‘;grlsg%’ 19.8. e First trials: cleaning, fixing, first intervention treatments

12.30-13.30 e Feedback on the non-invasive diagnostic insights

Lunch Break e Feedback on the finalization of the documentation collected
Afternoon excursion (2 hrs): church of Holy Lady of Assumption,
Vremski Britof (Andrej Jazbec, Minka Osojnik, [IPCHS)

DAY'S Presentation of the results by the students to the local community,

Friday, 20. 8.

representatives of the Ministry of Culture of Slovenia and interested
professional and laic public

Conference room:

10.00-10.15

Welcome speeches (representative of the Ministry of Culture of
Slovenia, representative of [IPCHS, mayor of Municipality of Divaca)
10.15-11.00

Presentation of the Summer school and its results

Church of St. Helen:

11.30-13.00

Presentation on site — discussion, questions...

Refreshment

Saturday, 21. 8.

Return home

23-27 August
WEEK 4 online

DAY 1

Follow-up week

34(;)(;1(:27‘)](;023. 8. - Discussion of analytical results and further steps to be taken.
R - Writing up the final report “Condition assessment of the wall
paintings and proposal for a conservation treatment” and complete
documentation of the activities carried out.
DAY 2

Tuesday, 24. 8.
9.00-17.00

Follow-up
Feedback — groups exchange information
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DAY 3 Follow-up

;Ze‘smes‘lay’ Feedback — groups exchange information
9.00-17.00

DAY 4 Follow-up

Thursday, 26.8. | Feedback — groups exchange information
9.00-17.00 group g

DAY 5 Follow-up

Friday, 27. 8.

Feedback — groups exchange information
9.00-17.00 & p g
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