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Abstract 

The Jacobine Church of Morlaix in 
France has been deconsecrated in the 
XIXth century. Afterwards, it has been 
used as a stable and then turned into a 
market which included salt storage for 
food preservation. Moreover, the church 
is built downhill of a significant slope 
next to the Jarlot river. The church, built 
with granite and schist, presents import-
ant salt resurgences, granular disintegra-
tions and moisture areas on joint mort-
ars. The project of the city is to restore 
the church and turn it into an exhibition 
space included in a new museum. Accor-
ding to this project, the architects want 
to apply new lime plasters on the walls, 
which is not possible because of the high 
levels of salts. In order to evaluate the 
salt contamination, samples have been 
taken in different heights and depths in 
stones and mortars. Contamination pro-
files have been obtained and poultices 
based on cellulose fibers, clays and fine 
quartz sand have been formulated. Sto-
ne and poultice porosimetries have been 
measured in order to adjust the poultice 
formulation. The goal of this adjustment 
was to obtain the appropriate pore size 
distributions to improve the moisture 
transport mechanisms between stones 
and poultices. Three poultices formula-
tions containing variable ratios of cel-
lulose, sand and clays have been selec-
ted. Test areas included join removal as 
much as possible and vacuum cleaning 
of the wall surface before the first poul-
tice application. These on-site trials allo-
wed us to study desalination efficiency, 

including poultice formulation and des-
alination practice (number of poultices 
applications, wall surface preliminary 
preparation). Granite cut stone and schist 
blocks masonries have distinct proper-
ties, so desalination practice must be ad-
justed to obtain an optimized efficiency, 
including a different poultice formulati-
on and a different masonry preparation. 
Nevertheless, the desalination of such 
contaminated masonries is a challenge 
to preserve lime plaster from future de-
gradations.

Keywords: desalination, practice, poul-
tice, efficiency

1. Introduction

The church is built next to the Jaco-
bine convent of Morlaix, turned into a 
museum in 1887. In the restructuration 
project of the museum, the church will 
be integrated in the museum and turned 
into an exhibition room. This church 
has a complex story, as it’s been used as 
a stable and a market with salt storage. 
Moreover, the natural slope above the 
northern elevation and the proximity 
of the Jarlot river foster capillary rise in 
the masonries. During the XXth century, 
cement plasters have been applied on all 
the interior walls of the church, made of 
schist blocks; only the granite cut stones 
have been preserved from plastering. Ce-
ment has also been used for the pillars 
and arch’s joints. 
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2. Materials and methods

2.1. Building stones and degradation 
patterns

The church’s masonries are constituted 
of granite and schist. Salt efflorescences, 
granular disintegration and moist areas 
can be observed at several places on the 
stones and on the cement plasters.

2.2. Sampling

The sampling for the contamination di-
agnosis before the desalination tests had 
to be representative of the different ma-
terials in place (granite and schist stones, 
mortar) and of the different degradation 
patterns. In a first approach, we focused 
sampling on the most impressive pat-
terns in order to analyse the feasibility of 
the desalination process in these areas, 
especially in the capillary rise zones.

Stones and mortar powders were 
sampled by drilling at two heights 
(around 20cm high and 2m high) and 
3 depths (0-5, 10-15 and 30-40mm).; 30 
powder samples were analysed before 
desalination tests for analysis of the so-
luble salts : sodium, potassium, chlorides, 
sulfates and nitrates were quantified.

2.3. Analysis

Salt analyses were performed by io-
nic chromatography by the BPE labora-
tory with the Thermo Scientific Dionex 
Aquion. Results correspond to the mass 
percentage of these ions inside the samp-
le. Samples were prepared by aqueous 
extraction according to the standard NF 
EN 16455. Results are obtained with a re-
lative precision of 5%.

Porosity and porometry measurement 
were performed on cores of granite and 
schist stones sampled on site. The same 
measurements have been also perfor-

Figure 1: Overviews and details of salt efflorescences and 
moisture areas on granite and cement plaster covering 
the schist masonry

Granite and schist masonry desalination by poultices at Jacobine Church in Morlaix, France

med on square samples of each poultices 
formulations, in order to optimise the 
poultices in terms of desalination effi-
ciency. The open porosity was measured 
according to the NF EN 1936 standard. 
The mercury porosimetry was perfor-
med with a porosimeter Micrometrics 
Autopore IV 9500 V1.09 at mercury pres-
sures ranging from 0.034 to 206 MPa.

Furthermore, water absorption of gra-
nite and shist stones was determined in 
situ using the sponge test method.

2.4. Desalination tests

2.4.1. Poultice formulations

Three formulations of poultices were 
performed with cellulose fibers, silica 
sand and attapulgite clay. To obtain poul-
tices permitting advection on stone with 
a very low porosity, poultices with a high 
ratio of clay were studied. 

granit stone

granit stone

granit stone

schist and 
joint mortar

schist and 
joint mortar

Figure 2: Location map of the samples. The nature of the analysed materials is indicated for each location

Table 1: Poultice formulations

Formulations are indicated for dry 
components. The best rheology is ob-
tained by adding 30g of water for 100g of 
dry components.

2.4.2. Masonry preparation

Two surfaces were defined to perform 
the desalination tests: granite mason-
ry (zone 1) and schist masonry (zone 2). 
Cement plaster was firstly removed from 
the schist masonry. Each zone were sepa-
rated in two sub-zones according to the 
surface preparation:

-  type a methodology: surface brushed 
and cleaned with vacuum cleaner and 
joint removal up to 4 to 6cm depth

-  type b methodology: joint removal up 
to 2cm depth

BWW 40 Cellulose 0-2mm Sand  Attapulgite clay 

Poultice T1 6 volumes 2 volumes 2 volumes

Poultice T2 3 volumes 3 volumes 4 volumes

Poultice T3 3 volumes 2 volumes 5 volumes

B. Brunet-Imbault et al.
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2.4.3. Poultice applications

Desalination poultices were applied 
without previous water imbibition of 
the wall. Poultice was applied by projec-
tion then smoothed with a trowel. The 
protocol consists in 3 consecutive appli-
cations for each zones and methodolo-
gy so 4 poultices were applied 3 times. 

Figure 3: Ion quantifications on granites, schists and mortars before desalination

Poultices were removed after 3, 6 and 8 
days respectively for the 1st, 2nd and 3rd 

applications. Very high levels of rain and 
humidity at that time slowed down the 
poultices drying, so the 2nd and 3rd appli-
cations remained in place longer. Even 
after 8 days, poultices were not totally 
dry.

Granite and schist masonry desalination by poultices at Jacobine Church in Morlaix, France

3. Results

3.1. Salt contamination

The results of the soluble salt analy-
ses are shown in figure 3. The french th-
resholds for stone conservation are the 
following ones : 

- Chloride < 0.10%
-  Sulfate < 0.10% if it’s associated with 

sodium or potassium, <5% if associated 
with calcium, 

- Nitrates < 0.5%
-  Sodium <0.04% if associated with chlo-

ride
-  Potassium <0.05% if associated with 

chloride or 0.20% if associated with 
nitrates

In the granite stone, chlorides and sul-
fates are mainly present in subsurface f 
while sodium and potassium does not re-
ally decrease down to 4cm depth. Schist 
contamination is extremely important, 
especially in the capillary rise area, and 
mortars are also strongly contaminated.

In the granite stone, chlorides and sul-
fates are mainly present in subsurface f 

Table 3: Porosity and porometry of the poultices

Schist M1 Granite M2 Poultice T1 Poultice T2 Poultice T3

Developed pore 
surface (m2/g) 1.671 0.205 15.1 20.5 30.9

Porosity (%) 2.59 3.07 55.6 46.5 43.9

Pore grades

Access radius (μm) Porosity of the different pore grades (%)

0.01 μm – 0.1 μm 59.9 11.5 17.4 31.5 41.6

0.1 μm – 1μm 19.5 27.4 5.03 9.52 10.2

1μm – 10μm 10.1 53.2 65.7 54.1 45.3

10μm – 100μm 10.5 7.9 11.8 4.91 2.86

while sodium and potassium does not re-
ally decrease down to 4cm depth. Schist 
contamination is extremely important, 
especially in the capillary rise area, and 
mortars are also strongly contaminated.

3.2.  Porosity and porometry of stones 
and poultices

The results of the porosimetric mea-
surements are presented in table 3. The 
poultice porosity significantly decreases 
when clay is added 80% of the schist po-
res are smaller than 1μm while for the 
granite stone, only 38% of the pores are 
smaller than 1μm, and 53% have a diame-
ter /radius ranging from 1 to 10μm. Poro-
metry of the poultices indicates that the 
clay clearly plays a role in the presence 
of very small pores (<0.1μm). The volume 
of this category of pores increases when 
the clay proportion increases in the poul-
tice recipe. On contrary, the use of more 
cellulose fibers increases the proportion 
of pores bigger than 10μm. Porometry 
curves indicate that the poultices havea 
category of pore space smaller thatn the 
one of the granite and schist stones. 

B. Brunet-Imbault et al.
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Figure 4: Pore size distribution curves of poultices formulations

Figure 5: Pore size distribution curves of granite and schist

Granite and schist masonry desalination by poultices at Jacobine Church in Morlaix, France

We can conclude that, the 3 poultice for-
mulations may permit advective extrac-
tion on these granite and schist stones. 
According to the proportion of volume 
of the different pore categories, T2 for-
mulation poultice is the most suitable 
formulation in relation with the granite 
pore size distribution while T3 formula-
tion poultice is the most suitable for the 
schist in place.

3.3. Water rising measures

Sponge tests were performed on grani-
te and schist stones. The results indicate 
that water absorption of the shist stone 
is 44% more important than the one of 
granite. 

3.4. Poultice efficiency

The following tables indicate the re-
sults obtained on the granite and schist 
zones with the type a b desalination me-

Table 4: Poultice efficiency on granite in zone 1 with type a methodology

thodologies all over the desalination pro-
cess. On granite, the desalination with 
methodology “a” may be considered as 
satisfactory as chloride, nitrate and sul-
fate rates reach values below recommen-
ded thresholds. With the b methodology, 
sulfates, remain over the thresholds. On 
schist stones, results indicate a very im-
portant reduction of the sulfate rates in 
both cases, with a and b methodology. 

Tables 6 and 7 show that the b me-
thodology allows a better extraction of 
anions and sodium while sulfates and 
sodiums remain higher with the a me-
thodology. 

Tables 8 and 9 indicating results on 
mortars shows a significant efficiency 
for chloride and nitrates but sulfates, 
sodium and potassium remain over th-
resholds for the mortars of granite ma-
sonry (zone1). For the mortars of schist 
masonry (zone 2), all ions except sulfates 
decrease under thresholds.

B. Brunet-Imbault et al.
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Table 5: Poultice efficiency on granite in zone 1 with type b methodology

Table 6: Poultice efficiency on schist in zone 2 with type a methodology
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Table 7: Poultice efficiency on schist in zone 2 with type b methodology

Table 8: Poultice efficiency on mortar in zone 1 with type b methodology
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Table 7: Poultice efficiency on schist in zone 2 with type b methodology

Table 8: Poultice efficiency on mortar in zone 1 with type b methodology
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Table 9: Poultice efficiency on mortar in zone 2 with type b methodology

4. Result analysis

Initial contamination histograms are 
representative of an important and glo-
bal contamination, especially schists 
which are strongly contaminated due to 
their thin sheet microstructure.

Tests for granite desalination indicate 
a better efficiency of the T2 poultice after 
previous brushing and cleaning with a 
vacuum cleaner and deep joint removal; 
anions are all under thresholds. Two T2 
poultice applications enable significant 
salt extraction on granites but the 3rd ap-
plication causes a cations increase, may-
be because repeated applications bring to 
the surface some very deep salts.

For the schist masonry desalination, 
a single T3 poultice application after 
opening the joints for only 1cm gives the 
best results. The test including brushing, 
cleaning and deep joint removal doesn’t 
permit anion reduction under threshold. 
This could be caused by large poultice 
cracks in case of deep joint removal. The 
poultice dries way faster on the joint re-
moval zones and cracks appear rapidly.

Concerning the mortar contamination, 
results show an efficiency for schist ma-
sonry with two T3 poultice applications, 
especially for the cations, but sulfates co-
mes up with the 3rd application, which 
is significant of a stock of sulfates deep 
in the stone. On the granite masonry, 
T2 poultice applications doesn’t permit 
good extraction. Anions and cations re-
main in levels over thresholds.

5. Discussion

Results are significant of good poultice 
efficiency. The adaptation of the poultice 
porometry to the different stone poro-
metries allows to perform efficient salt 
extractions, even for schist porometry, 
which is very thin. In this particular case, 
we obtain astonishing results. Neverthe-
less, sodium and potassium remain over 
threshold, which can, with the sulfate 
rates, provide salt cristallisations, even 
if anions are very low in several cases 
after desalination. The preliminary pre-
paration of the masonry including brus-

Granite and schist masonry desalination by poultices at Jacobine Church in Morlaix, France

hing, cleaning with a vacuum cleaner 
and deep joint removal has a significant 
effect to the desalination efficiency. Re-
sults show that in case of a large amount 
of mortar, like in schist masonry, deep 
joint removal induces poultice craqueles 
while in granite cut stone masonry, with 
thin joints, deep joint removal fosters 
salt extraction. In both cases, for schist 
blocks masonry and granite cut stone 
masonry, salt extraction on mortar is not 
satisfying due to the high initial conta-
mination of the mortars and the micro-
structure with large pores.

This study shows the feasibility of the 
poultice adjustment to the stone porome-
try, even with a very thin porous micro-
structure. Granite cut stone and schist 
blocks masonries of this church have 
distinct properties; this study shows that 
desalination practice must be adjusted to 
obtain an optimized efficiency, including 
different poultice formulations and dif-
ferent masonry preparations. Deep joint 
removal fosters salt extraction, avoiding 
their diffusion, but this deep joint remo-
val leads to the cracking of the poultice, 
because of the large mortar microstruc-
ture inducing a high water capillary ri-
sing. Large microstructural mortar used 
with very thin microstructural schists 
complexifies the poultice adjustment. In 
this case study, we focused on the salt ex-
traction in the schists due to their very 
high rate of contamination but the adjus-
ted poultice microstructure for the very 
thin schist pores enhances the water ca-
pillary action in the large mortar pores, 
leading to this cracking phenomenon. 
In conclusion, this study permitted to 
obtain a significant salt contamination 
decrease. Nevertheless, desalinate such 
contaminated masonries is a challenge 
to preserve durable lime plaster in the 
future. 
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which are strongly contaminated due to 
their thin sheet microstructure.

Tests for granite desalination indicate 
a better efficiency of the T2 poultice after 
previous brushing and cleaning with a 
vacuum cleaner and deep joint removal; 
anions are all under thresholds. Two T2 
poultice applications enable significant 
salt extraction on granites but the 3rd ap-
plication causes a cations increase, may-
be because repeated applications bring to 
the surface some very deep salts.

For the schist masonry desalination, 
a single T3 poultice application after 
opening the joints for only 1cm gives the 
best results. The test including brushing, 
cleaning and deep joint removal doesn’t 
permit anion reduction under threshold. 
This could be caused by large poultice 
cracks in case of deep joint removal. The 
poultice dries way faster on the joint re-
moval zones and cracks appear rapidly.

Concerning the mortar contamination, 
results show an efficiency for schist ma-
sonry with two T3 poultice applications, 
especially for the cations, but sulfates co-
mes up with the 3rd application, which 
is significant of a stock of sulfates deep 
in the stone. On the granite masonry, 
T2 poultice applications doesn’t permit 
good extraction. Anions and cations re-
main in levels over thresholds.

5. Discussion

Results are significant of good poultice 
efficiency. The adaptation of the poultice 
porometry to the different stone poro-
metries allows to perform efficient salt 
extractions, even for schist porometry, 
which is very thin. In this particular case, 
we obtain astonishing results. Neverthe-
less, sodium and potassium remain over 
threshold, which can, with the sulfate 
rates, provide salt cristallisations, even 
if anions are very low in several cases 
after desalination. The preliminary pre-
paration of the masonry including brus-

Granite and schist masonry desalination by poultices at Jacobine Church in Morlaix, France

hing, cleaning with a vacuum cleaner 
and deep joint removal has a significant 
effect to the desalination efficiency. Re-
sults show that in case of a large amount 
of mortar, like in schist masonry, deep 
joint removal induces poultice craqueles 
while in granite cut stone masonry, with 
thin joints, deep joint removal fosters 
salt extraction. In both cases, for schist 
blocks masonry and granite cut stone 
masonry, salt extraction on mortar is not 
satisfying due to the high initial conta-
mination of the mortars and the micro-
structure with large pores.

This study shows the feasibility of the 
poultice adjustment to the stone porome-
try, even with a very thin porous micro-
structure. Granite cut stone and schist 
blocks masonries of this church have 
distinct properties; this study shows that 
desalination practice must be adjusted to 
obtain an optimized efficiency, including 
different poultice formulations and dif-
ferent masonry preparations. Deep joint 
removal fosters salt extraction, avoiding 
their diffusion, but this deep joint remo-
val leads to the cracking of the poultice, 
because of the large mortar microstruc-
ture inducing a high water capillary ri-
sing. Large microstructural mortar used 
with very thin microstructural schists 
complexifies the poultice adjustment. In 
this case study, we focused on the salt ex-
traction in the schists due to their very 
high rate of contamination but the adjus-
ted poultice microstructure for the very 
thin schist pores enhances the water ca-
pillary action in the large mortar pores, 
leading to this cracking phenomenon. 
In conclusion, this study permitted to 
obtain a significant salt contamination 
decrease. Nevertheless, desalinate such 
contaminated masonries is a challenge 
to preserve durable lime plaster in the 
future. 
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