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Implementation 
Work was completed in the following manner:

1.	 The cement cant at the rear of the seat was removed using 
hand tools and the bench seat was removed by hand.

2.	 All hydraulic cement from the mortar joints on a portion of 
the North face and on the East end of the bench was removed 
by hand. All mortar joints were cleaned to expose the clay-
and-sand setting mortar. The existing limewash finish was 
brushed to remove all biological growth (lichen) on the bench 
and on the adjacent façade wall. The entire mock-up area was 
rinsed lightly with fresh water.

3.	 New pointing mortar was mixed, consisting of slaked lime 
putty, premixed and aged on-site, mason sand from a nearby 
supply yard, and potable water.

4.	 The new mortar was mixed at an approximate 1:3 lime-
to-sand ratio, and water was added to achieve the proper 
consistency.
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Results
After permitting the mortar to set for 24 hours, moisture meter probes were inserted into adja-
cent joints in the bench, and the reduction in moisture (even following rinsing of the bench) was 
appreciable. The effect of this repair can be tested even more thoroughly by drilling core samples 
to provide information about the moisture profile of the wall at various heights, before and after 
the intervention.

Because there was inadequate time to allow the mortar mix to “rest” following mixing and 
application, there was some minor shrinkage on the broader expanses of new mortar. This condi-
tion would be eliminated by proper “resting” of new mortar mix.

The impact of this intervention on the wall paintings from drying is unlikely to be detrimen-
tal. Indeed, one would expect that the reduction of additional liquid water into the building 
fabric will be beneficial in the long-term. Nonetheless, for added caution it may be prudent to 
phase these modifications over a number of campaigns.

It is crucial that this intervention be implemented by workers trained in restoration masonry 
who will adhere to the specification of using a limited amount of water and slaked lime.

5.	 The mortar was hand-troweled onto the top of the bench. 6.	 The rear surface of the seat stone was wetted with fresh water.

7.	 The bench seat was set in the new mortar so that the seat 
sloped slightly to the front of the seat, to achieve proper 
drainage. A new smaller cant was applied to the rear edge of 
the seat.

8.	 The mortar joints were repointed in two lifts, and after a 
short amount of time were tooled to match the adjacent joint 
tooling, with a slight “ridge” at the center of the joint.
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Appendix 4: Specifications for Masonry Restoration
Environmental Requirements
•	 Use materials only within manufacturer’s or supplier’s recommended temperature ranges.
•	 Cold Weather Pointing and setting: Do not perform stone masonry restoration when air 

or masonry temperature is below 5 °C (40 °F), or when it is expected to drop below 5 °C 
within 48 hours of mortar application.

Conditions
•	 Minimize dissemination of dust to greatest extent possible. Use all means necessary to 

prevent dust from entering the church.
•	 Provide all precautions necessary to protect the building, site, site features, air, water, and 

other elements of the environment from damage or deterioration caused by this work.

Quality Assurance
•	 Qualification of Personnel: Personnel performing the restoration work shall meet the 

following requirements:

Foreman: Work shall be directly supervised by a full-time foreman who has at least ten 
years’ experience preparing joints and pointing masonry and supervising the pointing 
and setting of masonry similar to the type of masonry pointing required on this Project 
and has, within the past five years, been foreman on at least three successfully completed 
projects with work similar in type, size, scope, and complexity to the work required by 
this Specification for this project on buildings designated as landmarks. The foreman 
shall be on site daily for duration of this work. The same foreman shall remain on the 
project throughout work unless the owner or architect deems his performance unac-
ceptable.

Mechanics: Work shall be performed by skilled mechanics who have at least five years’ 
experience preparing joints and pointing and setting masonry similar to the type of joint 
preparation and pointing work required for this project and have, within the past five 
years, performed work requiring the same skills and of the same type and complexity as 
the work they are performing on this project on buildings designated as landmarks. In 
acceptance or rejection of work of this section, no allowance will be made for workers’ 
incompetence or lack of skill.

Workers removing mortar from existing joints: Each person proposed for use in re-
moving mortar from existing joints to be repointed shall be required to successfully 
complete joint preparation samples specified below in presence of the architect prior to 
beginning work on the project. Unsuccessful performance in completing these samples 
will be grounds for rejection of this worker for this job.

Hand Raking Joints: Six linear feet without damage to stones.

Field mockups
•	 General: 

Before beginning general stone masonry restoration work, prepare mockups to provide 
agreed-upon standards for work of this section. Do not proceed with stone masonry 
restoration until architect and owner have approved mockups.

Locate mockups as directed by the architect.

The architect will monitor mockups.

Use workers for the mock-ups who will execute the work, and follow requirements of 
this Specification.
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Approved mockups will represent the minimum acceptable standard for stone masonry 
restoration work. Subsequent work that does not meet standard of approved mockups 
will be rejected.

Protect the approved mockups to ensure that they are without damage, deterioration, or 
alteration at time of project completion—approved mockups in undamaged condition 
at time of completion may be incorporated into the work.

•	 Mockups: Provide the following mockups:
Rebuilding top portions and repointing of perimeter seating:
1-meter (4-foot) length of seating section, resetting seat flags, repointing to depth of 
loose masonry, applying new cant at rear seat edge.

Pointing of joints in rubble stone masonry:
One panel including at least 3 linear feet of joint.

Documenting stone masonry
•	 Document existing stone masonry to be restored with photographs keyed to drawings 

showing locations. Overlap or stitch views in photographs to thoroughly and clearly show 
every stone.

•	 Identify each stone to be removed and reinstalled on drawings.

Removing stone seat flags
•	 Remove mortar from joints between units to be removed without damaging units.
•	 Carefully remove stones or flags and salvage for reuse. Remove topping slabs first at seats. If 

any rubble fill is found, remove to location determined by Architect. Do not damage surfaces 
or any arrises of stones, where they exist. Handle carefully to prevent breakage. Store stones 
on site at location indicated by architect or owner. Dispose of rubble fill at owner’s request.

•	 Label stone flags for seats to indicate identification and orientation on surface that will be 
concealed in finished work.

•	 Clean stones free of all mortar

Installing stone seat flags
•	 General: Install salvaged stone units in original locations and orientations. Reinstall 

incorrectly pitched stone to provide pitch from building façade.
•	 Installation: Apply solid bed of approved mortar to substrate. Set flag and tap gently into 

place. Mortar shall be squeezed out of joints when block is set. If mortar is not squeezed out 
of joints, remove flag, apply additional mortar, and reinstall. Rake joints for pointing and 
final finishing.

•	 Location: Install stones in locations as determined by supporting walls and as directed by 
architect. Ensure that tops of stone flags are flush to one another.

Pointing
•	 General preparation:

Examine areas and conditions under which work of this Section will be performed. 
Correct conditions detrimental to timely and proper completion of work. Do not pro-
ceed until unsatisfactory conditions have been corrected.

Provide mortar mix that replicates lime-rich traditional mix as determined by mortar 
analysis.

Before removing mortar using hand methods that generate airborne dust, erect dust 
impervious barriers and take other measures necessary to prevent dust from traveling 
beyond work area and/or into the monastery or surrounding buildings.
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•	 Mortar removal:
Use hand tools only to remove mortar from all joints.

Rake mortar from joints using a blade or cutter made for this purpose. Cutter may be 
used with or without aid of a hammer.

Sharpen any chisels periodically to minimize chipping.

When using chisels, do not apply chisel to surface of mortar where there is no void into 
which mortar can be driven.

•	 Protection of masonry being pointed:
Use all necessary care to protect existing masonry from damage during the work. Take 
special care in removing existing mortar to ensure that no stones are damaged, chipped, 
or broken. Replace in-kind or repair any masonry damaged by the work as directed by 
and to complete satisfaction of the owner and/or architect.

•	 Protection from rain:
Protect all pointed joints from direct rain or other precipitation for at least 24 hours 
after mortar has been applied.

Mortar
•	 Mortar for pointing Stone Masonry: Mortar for each location shall match existing lime-

based mortar as determined by analysis and approved by the architect. 

Joint preparation on existing masonry
•	 Remove mortar from joints to a depth of 2-1/2 times joint width, 3/4 inch, or to sound 

mortar, whichever is greater. In all cases remove all deteriorated, weathered, and loose 
material.

•	 Do not damage faces and arrises of stone masonry in any way during joint preparation.
•	 Joint preparation shall cease if, in Architect’s judgment, Contractor’s methods are damaging 

masonry units. Work shall not resume until tools, technicians, and methodology have been 
corrected to meet quality standard of approved mockup.

•	 Remove completely mortar from surfaces of masonry units adjoining joint to allow new 
mortar to bond directly with masonry. 

Mixing mortar
•	 Measure ingredients carefully so that proportions are controlled and maintained throughout 

all work periods.
•	 Mix mortar in an approved type of power operated batch mixer. Mix for time required to 

produce a homogeneous plastic mortar but not for less than five minutes: approximately two 
minutes for mixing dry materials and not less than three minutes for mixing after water has 
been added. Finish tooled joints to match original adjacent mortar joints.

•	 Use minimum amount of water to produce a workable consistency for mortar’s intended 
purpose.

•	 Mortar for Pointing must be as dry a consistency as will produce a mortar sufficiently plastic 
to be worked into joints.

•	 Mortar may be mixed by hand in clean wooden or metal boxes prepared for that purpose 
provided that architect approves mixing boxes and methods of mixing and transferring 
mortar.

•	 After mixing, mortars for pointing masonry and mortars for setting masonry shall rest for 
20 minutes prior to use to allow for initial shrinkage. Mortar shall be placed in final position 
within one hour of mixing. Re-tempering of partially hardened material is not permitted
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Mortar application
•	 Wetting: 

Carefully wet masonry 24 hours prior to and again immediately before pointing. Let 
surfaces dry slightly. At time of pointing, surfaces must be damp, so that they do not 
rapidly absorb moisture, but free of standing water (saturated, surface dry).

•	 Failure to Properly Wet Substrate:
Evidence that masonry being pointed or masonry previously pointed as work of this 
section has not been properly dampened to prevent too rapid absorption of water from 
mortar will be cause for rejection of pointing work. Rejected pointing shall be carefully 
removed and replaced after substrate has been properly prepared as specified.

•	 Pointing: Point joints as follows.
Using a pointing trowel, tightly pack mortar into joints in layers not exceeding 1/2 inch 
thick to fill joint to match original sound joints.

Begin by filling areas from which mortar is missing to a depth greater than 3/4 inch in 
3/8-inch-thick layers to within 3/4 inch of wall surface to provide a uniform substrate 
for final pointing. Fill final 3/4-inch-depth continuously and uniformly in 1/4-inch-
thick layers.

Firmly iron each layer to compact mortar to ensure full bond between mortar and stone 
masonry and a firm, solid joint.

Allow each layer to reach thumbprint hardness before applying succeeding layer. Do not 
let previous layer dry out before applying succeeding layer. Construct uniform joints.

Finish mortar at surfaces to match original adjacent mortar, or original samples.

When stopping work at end of each day or for other reasons, stagger layers of mortar so 
that there will be no through joints in pointing. Stagger joints in layers so that joints are 
at least 3 inches from each other.

Where one day’s work joins that of previous day, dampen previous work to ensure good 
bond.

•	 Joint tooling:
Tooling: Tool joints after final layer of mortar is “leather hard.”

Profile: Tool joints flush. Solidly compress mortar so that it adheres well to masonry on 
both sides and forms a dense surface. Premature or late tooling will result in unaccept-
able finishes, which will be rejected.

Overworking: Do not over tool joint surface. Excessive tooling will draw excess binder 
to the surface. Excessively tooled joints must be redone.

•	 Curing:
Keep newly pointed joints damp for at least 48 hours after mortar has been inserted by 
protecting pointed surfaces with moisture retaining cover. Do not apply water directly 
to pointed joints. Attach cover without fastening to masonry or in any other way dam-
aging masonry.

Ensure masonry temperature remains as required by specifications until mortar is thor-
oughly cured.
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•	 Cleaning and repair of mortar joints:
Water washing: 
Wash pointed masonry with clean filtered water to remove mortar debris from masonry 
surfaces.

Wash within 48 hours following completion of pointing.

Use rough towels along with water to remove mortar debris. Remove remaining mortar 
with stiff non-metallic fiber bristle brushes that will not damage mortar or stone units. 
Do not use wire brushes. Do not use chemical cleaners.

Repair of pointed joints:
As cleaning progresses, examine joints to locate cracks, holes and other defects. Care-
fully point up and fill such defects with mortar to match adjacent. Where necessary in 
opinion of Architect, cut out joints and refill with pointing mortar exercising extreme 
care to ensure that color matches that of adjacent pointing. Exposed joint surfaces shall 
be free from protruding mortar, holes, pits, depressions, and other defects.

Corrective measures:
Should mortar in any joint fail in adhesion or cohesion or should a crack occur in any 
joint surface, cut out mortar and repoint following requirements of this Section to ar-
chitect’s satisfaction.

Should architect determine that any masonry pointing work does not equal or exceed 
minimum standard established by approved mockup, remove mortar to a depth of 2 
centimeters (3/4 inch) and repoint following requirements of this Section to architect 
or owner’s satisfaction. 
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Learning from previous analyses

The major focus of concern at Moni Perivolis is the coating obfuscating the wall paintings. 
While a number of cleaning agents and methods have been proposed and investigated, a 
greater understanding is needed of the components and material constituents of the wall 

painting stratigraphy, as well as any added or altered materials and phenomena. This should 
precede any testing of cleaning or conservation methods, and aggressive options, such as the 
chelating agent EDTA, should be avoided.

 In 1999 conservators recommended cleaning with a mixture based on ammonium bicarbon-
ate known as AB57.32 It is not clear whether they undertook analysis and confirmed the presence 
of gypsum, and this should be investigated further. The report also recommended that a barium 
hydroxide treatment be undertaken. The barium hydroxide method was developed in Florence 
over forty years ago as a mineral consolidation treatment for fresco paintings affected by gypsum 
(which is a sparingly soluble salt and can be highly damaging), and has been used widely on many 
important wall paintings. The application methodology and the chemical reactions are complex, 
but essentially it consists of two steps. In a first-stage treatment using ammonium bicarbonate, 
the calcium sulfate dihydrate (gypsum) forms ammonium sulphate, as well as calcium carbon-
ate and water. In a second treatment using barium hydroxide, the ammonium sulphate reacts to 
form barium sulphate, which is an insoluble salt. If the treatment is not undertaken with care, the 
insoluble products of the various reactions involved (including barium sulphate, calcium carbon-
ate, and barium carbonate) can form an insoluble white veil on the surface of the wall painting.

Therefore, the recommendation of a barium treatment indicates that the conservators consid-
ered that the salts mentioned in their report were calcium sulphate. Τhis is not stated explicitly, 
and no references to any analytical results were made to confirm this. Nevertheless, the barium 
treatment is very salt-specific. It is only effective in treating problems of sulfation, and, moreover, 
in the presence of nitrate salts, barium hydroxide can form barium nitrate, a damaging salt that 
can lead to further salt-related deterioration. An amount of approximately 3-4% (by weight) of 
nitrates is the limit for barium treatment. The methods proposed in the report have been applied 
selectively to some of the world’s most important wall paintings. The Arezzo and Brancacci cha-
pel frescoes were treated with the barium method, although it is important to note that the Sis-
tine chapel frescoes were not, owing to the significant amount of nitrate salts present. However, 
the Sistine chapel frescoes were treated with ammonium carbonate as part of the AB57 cleaning 
method. There are further issues which may argue against the use of the barium method (am-
monium carbonate/barium hydroxide):

•	 Organic binding media: Although some proteinaceous binding media, such as egg tempera, 
can tolerate the alkalinity of barium hydroxide, most organic binding media can be severely 
damaged.

•	 Presence of copper-based pigments: Treatment with barium hydroxide can cause changes to 
the chemical structure of copper pigments, especially those of small particle size.

•	 Presence of previous conservation fixative: The presence of a coherent layer of fixative might 
inhibit the consolidation of friable material using barium hydroxide.

•	 Inadequate porosity: Since successful application depends on effective capillary suction of the 
aqueous reactants, only materials of appropriate porosity are suitable.

Further analyses
Sampling from Moni Perivolis
A series of samples were removed from Moni Perivolis in order to advance knowledge about the 
original technique and the present condition of the wall paintings.

During the 2010 field season, three very small samples were dispatched to Orion Analytical 
in Williamstown, Massachusetts, for a rapid, preliminary analysis to inform ongoing activities in 

32	  Iōannēs Verroiopoulos, Konstantinos Nikakēs, and Vasileios Panagiotopoulos, Meletē Syntērēsēs 
Toichographiōn Katholikou I. Monēs Perivolēs Lesvou (Hypourgeio Politismou, 14ē Ephoreia Vyzantinōn 
Archaiotētōn, 1999).

Appendix 5: Wall Paintings Analysis—Background
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the field. Infrared spectroscopy (FTIR) revealed the presence of gypsum, a hydrated form of cal-
cium sulphate, on a “gray coating” in each of the three samples that were examined. The coating 
was described as lacking in cohesive strength and powdering on contact. In one of the samples, 
which was taken from the area of a small cleaning test conducted during the 2010 season, discon-
tinuous islands of the gray coating were observed (see text of the report from Orion Analytical 
at the end of this Appendix). 

In addition, nine small samples were removed for microscopic examination. Details about 
these samples and the locations from which they were removed are shown below:

Sanctuary		
1.	 North wall	 Saint in medallion, far left, from damaged edge of neck
2.	 North wall	 Upper register, Ascension of Jesus, from hole in garments  
		  of left-most figure
3.	 South wall	 Lower register, left figure (St. Cyril of Alexandria), from hole in beard
4.	 South wall	 Lower register, center figure (St. Athanasius of Alexandria),  
		  from red diamond on garments
Nave and Aisle		
5.	 West wall (nave)	 Upper register, north side (Descent from the Cross), 
		  from figure to the right
6.	 North wall (aisle)	 Lower register, second figure from left (St. Sava), 	
		  from the hole in the scroll
7.	 West wall (aisle)	 Lower register, south of doorway (St. Zosima), from hole in the face
8.	 South wall (aisle)	 Saint in medallion, from hole in hair

Narthex		
10.	 West wall	 Red border, before cleaning
11.	 West wall	 Red border, after cleaning.
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Lastly, a larger sample was removed from a location of non-figural painting near the bottom 
of the west wall of the nave. This sample was analyzed by Dr. Christine Bläuer of Conservation 
Science Consulting Sàrl in Fribourg, Switzerland, to answer a series questions discussed below. 
It is important to note that this sample may not be representative of the entirety of wall paint-
ings at Moni Perivolis. In particular, because of its location near the bottom of a wall it may vary 
in aspects of original technique and it likely has undergone a different physical history than the 
paintings in other areas. The sample also likely may not exhibit deterioration processes that can 
be observed elsewhere.

The goal of the analyses is to identify an appropriate methodology for conserving the wall 
paintings. Important objectives are to establish the suitability of aqueous or non aqueous treat-
ments, and the sensitivity of the wall paintings to high pH treatments. Whether an ammonium 
carbonate or ammonium bi-carbonate treatment followed by a barium treatment is appropriate 
for these wall paintings, as suggested in 1999, or whether an alternative methodology should be 
adopted, should also form part of the inquiry. Specific questions and rationales for the analyses 
included the following:

Surface Gypsum 
The intention is to find out whether the gray coating is a gypsum deposit, and if so, whether it is 
present only as a discrete layer.
•	 Can gypsum be identified elsewhere in the stratigraphy, and if so, is gypsum present in the 

plaster layers as part of the plaster matrix or otherwise? 
•	 What other materials are present in the gray “coating”, for example calcium carbonate, or 

barium even? (This may lead to the requirement for further analysis, for example by the 
Jäger’s laboratory). 

•	 Is there a dirt layer above and/or below the gypsum? 
•	 What evidence is there regarding the potential source and formation process of the “coating” 

(possible past conservation treatment, sulfation due to pollution), and whether this source 
and process is ongoing or historic? 

•	 If the gray “coating” is lacking in cohesion, to what extent can the gypsum be removed 
mechanically? 

•	 How best is this layer described as a “coating” or “crust”?

Other salts
The intention is to find out whether nitrates are present in the plaster, in order especially to inform a 
potential treatment with barium.
•	 If nitrates are present, what is the quantity and distribution of nitrates through the 

stratigraphy? (This quantitative analysis is a second step, and would require more 
sophisticated analysis (e.g. ion chromatography). This is important in respect to the 
problems associated with a barium treatment where nitrate salts are present. If nitrates are 
present and near the surface perhaps the levels can be reduced (if a barium treatment were 
to be undertaken).

•	 Is barium present already (possible past conservation treatment)?
•	 Are other soluble salts present in the samples? If yes, is it necessary to undertaken additional 

quantitative analysis using ion chromatography? 

Plaster layers 
The aims here are to establish whether a consolidant is required for the plaster, and, if yes, whether 
barium could provide sufficient consolidation and/or whether grouting would be required to improve 
the adhesion of the plaster layers. The main problem is likely to be the adhesion of the “arriccio” plaster 
to the rubble/earthen support, which is not part of the samples.
•	 Can two (or more?) distinct plaster layers be identified? 
•	 Is there any evidence of the rubble/earthen support on the underside of the “arriccio”?
•	 Do the different plaster layers differ in their composition (binder, aggregate, additives)?
•	 Do they differ in their coherence? 
•	 Are any, or all, of these plaster layers lacking in cohesion (i.e. requiring consolidation)
•	 Are the layers poorly or well adhered to one another? 
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An aim for the two following questions, is on the one hand, to question whether a consolidation treat-
ment could be beneficial in reducing the hygroscopicity of the organic inclusions, or whether this is too 
risky and one should rely on preventive measures. On the other hand, answers to these questions can 
give information about the risks of activating and accelerating the deterioration process by using aque-
ous treatments. 

•	 Can the organic inclusions best be described as chaff, or straw chaff, or can its source 
material be otherwise identified and described? [As mentioned above, these hygroscopic 
organic inclusions have led to many small losses in the surface of the paintings, and this 
deterioration process is ongoing]. 

•	 What other inclusions are present within the stratigraphy (organic and inorganic)?

Paint layer/layers 
•	 Is there more than one paint layer? 
•	 Is there evidence of a discrete layer of organic material on top of the paint layer? Could this 

be an original varnish? Conservator Connie Silver observed a yellow-brown oily residue on 
the painting (under the gray “coating”) during the summer of 2010.	  

•	 To what extent are the paintings executed in fresco and/or a secco. Is there any evidence for 
this?

•	 Can a binding medium for the paint layer be identified? (Possibly requiring further analysis)
•	 Is there any evidence of a ground/sealant/imprimatura/or dirt layer below the paint layer?

If an original organic binding medium is present, or any pigments sensitive to pH, the question is to 
what extent the paint layer would be susceptible to damage from high pH treatments, for example, an 
ammonium carbonate/barium treatment.
•	 What is the pH sensitivity of the paint layer(s) (pigments, binding media)?
•	 What is the sensitivity of the paint layer(s) to liquid water?

An aim here is to determine whether consolidation —or fixing— is required and whether the disper-
sant should be solvent or aqueous. To better determine the efficacy of different consolidants insofar as 
they can alter the porosity of the paint layer/plaster, and to what extent this would be beneficial or 
otherwise.
•	 How good is the cohesion within the paint layer/s
•	 How good is the adhesion of the paint layer to the “intonaco”?

The following section (Appendix 6) contains the results of an analysis of samples from Moni 
Perivolis. The analysis was performed by Dr. Christine Bläuer of Conservation Science Consult-
ing Sàrl in Fribourg, Switzerland, based on the background and questions discussed above.
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Appendix 6: Wall Paintings Analysis—Findings
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1 Introduction  
Preliminary observations were made of the Moni Perivolis church during the summer of 2010 
by C.S. Silver.1 During this campaign several samples were taken to be analysed.2 Three 
more samples were analysed by ORION analytical LLC.3 They did find gypsum as well as 
organic material, oily or fatty, by means of FTIR analysis. 

Prof. Adrian Heritage was then commissioned by the WMF to provide an assessment of the 
wall paintings at the church of Moni Perivolis, Lesvos, Greece. 
He suggested the following preliminary investigation of the material composition of the 
existing samples: 

1) a careful examination and description of the samples using a binocular microscope;  

2) further analysis using polarising light microscopy (e.g. in dispersion), microchemical 
tests and FTIR analysis on microscopic particles of selected component materials 
(binder, pigment particles, possible salt crystals etc.) to provide further information on 
the inorganic and also organic components present;  

3) thin section analysis could be commissioned to provide further information on the 
plaster layers a) if this is physically possible (given the condition of the samples); and b) 
if it is required (on the basis of questions either not answered or arising from parts 1 & 2)  

Here we report on the results of the first two of the suggested points.  

2 Questions to be answered 
The questions to be answered, were formulated by Prof. A. Heritage. They are listed in 
chapter 6 together with the answers that are so far possible to give.  
Here only the topics the questions consider are given:  

� Surface coating including gypsum 

� Other salts 

� Plaster layers 

� Paint layer/layers  

3 Samples  
According to the 2010 preliminary observations, only one plaster sample was taken. 
Probably because its fragility it has broken into three parts. When arriving here the three 
parts were named big, small and crumbly sample respectively (see images in the annex 
chapter 7.1 of this report). 
Further 10 samples and their cross sections were sent to our laboratory (sample number 1 
to 8, 10 and 11). Some of these samples were briefly looked at but not included in this 
study. From the short examination it can only be stated, that the cross sections look 
professionally done but would need polishing before they could be properly examined. 

1 All information on the church, the sampling, and the so far executed studies stated here derive from 
the preliminary observations of the 2010 field season, under the direction of Constance Silver, 
hereinafter referred to as “2010 preliminary observations”. 
2 Sample locations are provided in Appendix 5 of the WMF Lesvos report. 
3 The report from July 22, 2010 is provided in Appendix 5 of the WMF Lesvos report. 
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4 Analytical procedure 
The samples were first photographed (see appendix chapter 7.1) and examined using a 
binocular microscope with a magnification of about 70x. 
Then small particles from the individual layers were selected for the diverse analysis (see 
figures 7.1.4 and 7.1.5). 

Microscopic analysis of dispersions: 
Selected particles are slightly crushed on an object slide and immersed in a blue light 

hardening resin (refractive index of the polymer of n = 1.527) covered with a covering 
slide and analysed by means of polarized light microscopy.4

Mainly inorganic constituent can be identified by comparing their optical properties with 
known materials (known from experience and from published tables).   

Dissolution behaviour in cold 2-molar hydrochloric acid (= HCl 2M): 
Lime (calcite) is dissolved very quickly with strong effervescence;  
Dolomite and other carbonates (e.g. magnesite) are only dissolved very slowly or even 

not at all.  
If the sample contains calcite (CaCO3), an additional sulphate content can be observed 

by the crystallization of gypsum (CaSO4.2H2O) upon drying of the solution. 
Mica, quartz, feldspars, clay minerals and ochre pigments remain mainly unchanged. 

Micro-chemical test for Magnesium with Titan Yellow5:
This can either be done on a drop of the water extraction of the material or on the material 

dissolved in 2M HCl. In the first case only the water soluble Mg is detected. In the case 
of the water extraction the solution is acidified with little HCl 2M. Then a drop of Titan 
Yellow solution6 is added to one or two drops of the acid sample solution. Then some 
caustic soda solution 2M is added to the test drop.  

If Mg is present a red precipitate is formed.  

Micro-chemical test for Calcium with 1M sulphuric acid7:
One drop of 1M sulphuric acid is added to the sample solution.  
If the sample solution contained calcium, gypsum(CaSO4.2H2O) is formed upon drying.

Micro-chemical test for Sulphates with calcium chloride solution8:
One drop of CaCl2-solution is added to the sample solution.  
If the sample solution contained sulphates gypsum(CaSO4.2H2O) is formed upon drying.

Detection of nitrates by means of Merckoquant®-test strips: 
A few drops of demineralised water are added to a material particle, the test strip is briefly 

dipped into this solution, excess water shaken off and the result can be seen in a 
colour change or not after 1 minute.  

Infrared spectroscopy (FTIR): 
Some very small particles were analysed by means of Fourier-Transform-Infrared 

spectroscopy (FTIR) (instrument: Bruker ALPHA-P; preparation technique: diamond 
ATR; measuring region: 4000 - 375 cm-1, number of scans 24, resolution 4 cm-1).

The produced measuring curves can be interpreted in comparing with spectra of known 
material.

The detection limit is about 2%.  

4 Microscopy of mortars according to Bläuer, C. & Küng, A. (2007). "Examples of microscopic analysis 
of historic mortars by means of polarising light microscopy of dispersions and thin sections." Materials 
Characterization 58 (2007), 1199-1207. Microscopy of salts according to Bläuer Böhm, C. (1994): 
"Salzuntersuchungen an Baudenkmälern." Z. Kunsttechnologie und Konservierung, 8/1, 86-103. 
5 Thiazol yellow G; C28H19N5Na2O6S4; see: http://de.wikipedia.org/wiki/Titangelb
6 Titan Yellow solution = 10mg/10mlH2O; according to: https://www.uni-
rostock.de/fakult/medfak/biochem/materialien/praktikum/med/zahnhartgewebe_speichel.pdf
7 According to Bläuer Böhm, C. (1994) in note 5 
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5 Results  
From the macroscopical investigation and the observation using a binocular microscope it 
seems, that the mortar consists of two layers (figure 7.1.1). 
The ground layer of the plaster contains plant fibres. Its binder is beige to white. Very 
rarely,  extremely fine, sometimes coloured aggregate particles can be observed. The 
mortar contains some small spherical pores, that look like air bubbles.   
The top layer, it is called here intonaco, is a few millimetres thick and seems to have a 
very similar composition to the ground layer, but it does not contain any plant fibres and 
only the intonaco layer contains some extremely small, reddish, granular particles that 
look a bit like brick particles. 
In the samples analysed here the paint layer(s) on top of the intonaco is dominated by 
reddish colours (see figures on title page and appendix 7.1). 
For the further analysis of the plasters some particles already fallen off the small sample 
were selected (figures 7.1.4 and 7.1.5). In the dispersions of both layers the binders look 
very similar. It forms brown, fine grained aggregates with medium to high birefringence. In 
the dispersion samples of both layers no aggregate grains could be observed. In the 
dispersion of the intonaco a few isotropic grains with refractive indices of about 1.54, 
interpreted as halite (NaCl), could be observed. 
Both the ground layer and the intonaco dissolve very quickly in HCl 2M. Only very little 
insoluble material in form of small crystalline grains remain untouched by the acid.  
In the samples of the both mortar layers calcite (CaCO3) is the main constituent (see 
FTIR-spectra in figure 7.2.1). From the same FTIR-spectra it can be seen that the samples 
probably contain some hygroscopic water (peaks in the 3500 cm-1 region) and probably 
silicate minerals (small peaks in the 1100 cm-1 region).
The sample of the ground layer contained nitrates, traces of chlorides, calcium and 
magnesium in the water extraction. 
The sample of the intonaco (lower part of the sample in figure 7.1.5) contained nitrates, 
calcium and magnesium in the water extraction. Although halite (NaCl) could be observed 
in the dispersion, the test for chlorides was negative.8
The painted surface of the particle in figure 7.1.5 with about 0.2 mm of the under laying 
intonaco was separated mechanically. In the FTIR-spectra of the painted surface traces of 
gypsum as well as organic material could be found. The same sample was then dissolved 
in 2M hydrochloric acid. Upon drying some rare gypsum crystals did form. Sulphates could 
only be detected within the painted surface and not in the lower part of the same sample 
particle and neither in the tested ground layer particles. 
The painted surface of the big sample is at places covered by a gray coating (figures on 
title page and figures 7.1.6 and 7.1.7). In the sample this coating has a greasy, sticky 
touch. It can be scratched off with a scalpel, however not completely removed by this 
method as it seems to stick to the underlying paint layer. 
The FTIR-analysis of the outer surface of a splinter of the paint layer of the big sample or 
of the scratched off coating show as only difference a little amount of gypsum in the first 
type of sample. Both sample preparations indicate organic material (peaks around 1640 
and 1730 cm-1).
External surface and back side of the maybe 0.2 mm thick surface of the particle in figure 
7.1.5 were analysed with quite different results. Only the external surface showed 
detectable amounts of gypsum, the backside showed a nearly pure calcite spectra (figure 
7.2.3).

8 It is not possible to use exactly the same sample for both the micro-chemical analysis and 
microscopy. The particles used for the micro-chemical testing was extremely small.  
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6 Questions9 and preliminary answers 

6.1 Surface gypsum  
• Can gypsum be identified elsewhere in the stratigraphy, and if so, is gypsum present in the 
plaster layers as part of the plaster matrix or otherwise?  

So far not really and only very little gypsum in the coating. 

• What other materials are present in the gray “coating”, for example calcium carbonate, or 
barium even? (This may lead to the requirement for further analysis, for example by the 
Jäger’s laboratory). For example, olive oil and wax from lamps and candles, other dirt and 
debris?

There is most likely organic materials present, proteins ? oils? A Ba-content cannot be 
analysed with the methods accessible to us. It could e.g. be seen with the XRF of Jägers’ 
Laboratory. 

• Is there a dirt layer above and/or below the gypsum? 
It is not a uniform gypsum layer, but a layer that has a greasy, sticky touch and which 
contains maybe at places gypsum; the layer is not everywhere the same thickness and 
even absent at places. 

• What evidence is there regarding the potential source and formation process of the 
“coating” (possible past conservation treatment, sulfation due to pollution), and whether this 
source and process is ongoing or historic?  

Not enough gypsum, I do not even know if gypsum is the main problem. 

• If the gray “coating” is lacking in cohesion, to what extent can the gypsum be removed 
mechanically?  

Unfortunately in the samples it seems to stick quite well on the surface. 

• How best is this layer described as a “coating” or “crust”?  
In the samples it is definitely a coating  

6.2 Other salts  
• Particularly in respect to a potential barium treatment, are there any nitrates present? 

Yes, plenty of nitrates and the water soluble cations are mainly Mg and Ca. 

• If nitrates are present, what is the quantity and distribution of nitrates through the 
stratigraphy? (This quantitative analysis is a second step, and would require more 
sophisticated analysis (e.g. ion chromatography). This is important in respect to the problems 
associated with a barium treatment where nitrate salts are present. If nitrates are present and 
near the surface perhaps the levels can be reduced (if a barium treatment were to be 
undertaken).   

In the samples analysed here,  nitrates could be detected in the intonaco as well as the 
ground layer of the plaster. 

• Is barium present already (possible past conservation treatment)?  
Cannot be answered here. Needs further analysis with specialized equipment. 

9 The questions are listed here as formulated by Prof. A. Heritage 
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• Are other soluble salts present in the samples? If yes, is it necessary to undertaken 
additional quantitative analysis using ion chromatography?  

Difficult to decide; if salt damage is visible – yes; if salts hinder treatment yes; profiles in 
depth to know distribution (and source) at several levels  above ground? 

6.3 Plaster layers  
• Can two (or more?) distinct plaster layers be identified? 

To me it looks like two;  
1. What is called here “intonaco”, without plant material, a few millimeters thick;  
2. A ground layer with a lot of plant material, might be wood, might be straw, I cannot tell. 

• Is there any evidence of the rubble/earthen support on the underside of the “arriccio”?  
Not in the samples provided. 

• Do the different plaster layers differ in their composition (binder, aggregate, additives)?  
No, apart from the plant material in the ground layer and some supposed brick in the 
intonaco, they seem to be very similar. 

• Do they differ in their coherence?  
Cannot be said here. 

• Are any, or all, of these plaster layers lacking in cohesion (i.e. requiring consolidation)  
From the samples it looks as if yes, but have they ever been stronger? 

• Are the layers poorly or well adhered to one another? 
Very well, not easily distinguishing layers. 

• Can the organic inclusions best be described as chaff, or straw chaff, or can its source 
material be otherwise identified and described? [As mentioned above, these hygroscopic 
organic inclusions have led to many small losses in the surface of the paintings, and this 
deterioration process is ongoing].  

Maybe the best thing to do, would be to look (measure) whether the plant materials are 
actually hygroscopic  (in the climate at Moni Perivolis).   

• What other inclusions are present within the stratigraphy (organic and inorganic)?  
Very little very small sized sand grains. 

6.4 Paint layer/layers  
• Is there more than one paint layer?

Sometimes it looks like it sometimes not see images. 

• Is there evidence of a discrete layer of organic material on top of the paint layer? Could this 
be an original varnish? Conservator Connie Silver observed a yellow-brown oily residue on 
the painting (under the gray “coating”) during the summer of 2010.  

No answer can be given so far. 

• To what extent are the paintings executed in fresco and/or a secco. Is there any evidence 
for this?  

No answer can be given so far. 

• Can a binding medium for the paint layer be identified? (Possibly requiring further analysis)  
There are organic materials present near/in/on the surface; further tests might be 
worthwhile.
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• Is there any evidence of a ground/sealant/imprimatura/or dirt layer below the paint layer?  
Not until now, but….? 

• what is the pH sensitivity of the paint layer(s) (pigments, binding media)?  
Further analysis needed to answer that or need for in situ tests. 

• what is the sensitivity of the paint layer(s) to liquid water?  
No answer can be given so far. 

• How good is the cohesion within the paint layer/s  
No answer can be given so far. 

• How good is the adhesion of the paint layer to the “intonaco”?  
from the samples it looks as if it was very good. 

�

Fribourg, 29.11.2011  

Conservation Science Consulting, Sàrl 

Dr. Christine Bläuer 
Mineralogist 

Distribution of the report: 
Pdf-file by E-Mail to: 
Adrian Heritage adrian.heritage@fh-koeln.de
Erica Avrami eavrami@wmf.org
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7 Appendix  

7.1 Sample photographs 

Figure 7.1.1: Big Sample. Top right: outer surface; top left: back side; below: side view. Image 
widths ca. 11 cm. 

Figure 7.1.2: Small sample. Right: outer surface; left: back side. Image width ca. 11 cm. 
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Figure 7.1.3: Crumbly sample. Image width ca. 11 cm. 

Figure 7.1.4: Particle used for the analysis of the ground layer  

Figure 7.1.5: Particle used to analyse the intonaco from the small sample with red paint layer. 
Part in yellow circle used for microchemical testing of salts 
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Figure 7.1.6: Macroscopic view of the painted surface of the big sample. The frame in the 
middle indicates the emplacement of the image below. 

Figure 7.1.7: Macroscopic view of the painted surface of the big sample.  
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7.2 FTIR-spectra 

Figure 7.2.1: FTIR spectra of the two mortar layers (without the plant material) compared to a 
limestone (micrite) containing nearly only Calcite (CaCO3)



GR – Lesvos, Moni Perivolis, Mediaeval Monastery Church 
Plaser Sample Analysis 

R.0214.01

© CSC Sàrl, CH-1700 Fribourg  13/14

Figure 7.2.2: FTIR spectra of the surface coating of the big sample. Red coating separated 
with a scalpel; magenta: coating side measured as is.
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Figure 7.2.3: FTIR spectra of the surface coating of the big sample. Red coating separated 
with a scalpel; magenta: coating side measured as is.
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