
Studies in Conservation 51 (2006) 177-188 

 
  

Origin of Films on Monumental Stone. 
 

S. Pavía. Department of Civil, Structural and Environmental Engineering,  
University of Dublin. Trinity College. Dublin 2. Ireland. 

 
S. Caro. Museo Paleontológico. C/Portillo, nº3.   26586  Enciso. La Rioja. Spain. 

 
Abstract.  This paper investigates the origin of superficial films on different rock types from rural 
and urban locations in Spain and Ireland, focusing mainly on oxalate films. There is little 
agreement on the origin of oxalate films coating building stone. Some authors state that they are 
man originated whereas others claim that they are naturally produced by micro-organisms. This 
paper evidences the existence of three different types of film, each type with a different origin, 
composition and microstructure, and concludes that oxalate films can be both man originated and 
biologically produced. Analytical techniques including X-ray diffraction, petrographic 
microscopy, scanning electron microscopy with an energy dispersive X-ray diffraction attachment, 
inductively coupled plasma mass spectroscopy, Atomic absorption spectrophotometry, percentage 
weight loss on ignition, colorimetry by titration and conductivity measurements coupled to 
expandable ion analysis were used to study films on sandstone, limestone, dolomite and granite 
from a number of monuments and quarries. The results evidence that the films studied fell into 
three distinctive types. A crystalline calcite film resulting from weathering was found in quarries, 
an oxalate film of biogenic origin was found on rural Irish monuments and man-made, oxalate 
films containing gypsum were present on Spanish monuments. The organic oxalate film displays a 
penetrative, irregular contact with the underlying stone, a high water and organic content and a 
mat of oxalate crystals, entwined within which are minerals from the underlying substrate. In 
contrast, the man-made oxalate films are uniform, linear layers displaying fractures and striae, 
consisting of gypsum and oxalates as well as elements typically found in milk and egg white. These 
were probably fabricated by mixing inorganic binders such as lime and gypsum with organic 
agglomerates such as milk and egg white and historically applied as masonry finishes. 

 
 

1. INTRODUCTION 
 

Opinions differ on the nature and origin of 
films or patinas on stone.  However, in 
general, it can be stated that films or patinas 
are thin superficial coatings on monumental 
stone, which may be composed of minerals 
such as calcite, oxalates, iron oxides and 
gypsum.  Patinas can be formed over time 
through decomposition/accretion processes or 
can result from alteration of applied materials. 
They are often regarded as having aesthetic 
and/or protective qualities.   This paper 
presents new work undertaken to clarify the 

nature and origin of films on monumental 
stone, focusing especially on oxalate films. At 
present there is some debate over the sources 
of oxalate films.  Some authors state that 
oxalate films originate from stonemasonry 
treatments applied in the past, and can 
therefore to some extent be regarded as 
artificial in origin, whereas others claim that 
they are naturally produced by micro-
organisms. In addition, the formation of 
oxalate films has also been partially attributed 
to atmospheric pollution 

 
 



 
According to Lazzarinni and Salvadori [1], 
patinas found on stone are artificial coatings 
produced by the biodeterioration of casein, a 
protein found in milk, which, together with egg 
white, is known to have been used as a stone 
treatment in the past.  According to these 
authors, the breakdown of milk and egg white 
can provide elements including Ca, alkalis, Mg, 
Mn and Fe, as well as Cu, P, S and Cl which, 
through environmental exposure and 
weathering, combine and transform into 
compounds such as calcium oxalates, gypsum, 
iron oxide and hydroxide and phosphate, found 
when analysing the patinas today. 

 
According to Cabrera Garrido [14], stone has 
been often coated during the past. Cabrera 
mentions mediaeval and post mediaeval building 
accounts including techniques of painting and 
coating stone with thin surface films which, 
through ageing, could contribute to the 
formation of a patina. The author also refers to 
more recent accounts on thin surface films by 
Warlam (1945): ‘once the stone is placed in the 
wall, it is convenient to cover it with a mixture 
of crushed stone and gypsum plaster for the 
stone to remain clean... and for the facade to 
look uniform'.  

 
Microbial production of calcium oxalate has 
been evidenced and studied by a number of 

authors. Cunningham et al. [2] studied oxalate 
production by bacteria while Ruijter et al. [3] 
analysed oxalate production by fungi. Di 
Bonaventura et al. [4] demonstrated that 
bacterial communities, already known as 
colonizers of monument surfaces, can produce 
oxalic acid. According to Del Monte et al. [5, 6], 
the oxalate found in patinas results from lichen 
colonisation. Lichens produce oxalic acid, which 
turns into calcium oxalate. Furthermore, Del 
Monte states that protein complexes such as egg 
white and casein can only produce, in the best of 
the cases, traces of oxalic acid and thus only 
traces of oxalate. Urzi et al. [7] demonstrate that 
microorganisms are able to colour the stone 
surface producing pigments varying in colour 
from yellow to black, orange and brown. 
Krumbein [8, 9, 10] states that the main cause of 
superficial coloured patina on marble is due to 
biological effects and demonstrates that different 
micro-organisms can produce a particular 
coloured coating on stone.  

 
However, these three different suggested 
sources for oxalate films may not necessarily be 
mutually exclusive, and indeed, Sáiz Jiménez 
[11, 12, 13] suggests three possible origins for 
oxalate films found on stone: Biological activity, 
surface treatments and atmospheric pollution. 

 

 
 

2. OBJECTIVE 
 
Objectives of this study are to outset and 
clarify the nature and origin of thin films on 
monumental stone, focusing particularly on 
oxalate films. To this aim, a variety of 
analytical techniques were used to examine 
superficial films coating sandstone, limestone, 

dolomite and granite from a number of 
monuments and quarries located in both urban 
and rural environments. The results are 
discussed and compared with arguments and 
studies by previous authors. 

 
 

3. MATERIALS AND METHODS 
 

Analytical techniques including petrographic 
microscopy, X-ray diffraction (XRD), 

scanning electron microscopy (SEM) with an 
energy dispersive X-ray diffraction attachment 
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(EDX), inductively coupled plasma mass 
spectroscopy (ICP-MS), atomic absorption 
spectrophotometry (AAS), percentage weight 
loss on ignition, colorimetry by titration and 
conductivity measurements connected to an 
expandable ion analyzer (EA) were used to 
study the surface of a number of building 
stones featuring potential films. The stone 
support materials were studied with 
petrographic microscopy. In order to 
distinguish calcium, magnesium and iron 
carbonates under the microscope, the samples 
were dyed with a chemical solution containing 
alizarin and potassium ferrocyanide. This 

technique selectively stains for calcite (which 
appears red), iron carbonates (purple to blue), 
while dolomite remains colourless.  Sampling 
followed conventional fieldwork involving 
standard inspections and recording methods. 
Hand-samples were randomly taken from 
buildings and quarries and their macroscopic 
features studied by visual examination.  The 
films from Spanish urban monuments were not 
taken from particular areas in the monuments 
but were representative of entire elevations. 
Details of the samples are included in table 1. 
All analyses were performed in an average of 
40 samples. 

 
Table 1- Details of samples studied. 

 
Sample or 

sample 
group 

Stone 
type 

 
Age 

(century) 

 
Provenance 

 

Hand-sample 
features 

Spanish Urban 
V1-V3 Granite 14th-19th  Historic house, Valladolid. Grey, soiled, 

continuous. 
V4-V5 Dolomite 14th-19th  Historic house, Valladolid. Grey, soiled, 

discontinuous. 
Sb16 – Sb28 Sandstone 13th  San Bartolomé Church, Logroño, La 

Rioja. 
Ochre continuous. 

Spanish Rural 
A1-A5 Sandstone 16th  Abalos Church, La Rioja. 
C6-C7 Limestone 16th  Monasterio de La Piedad, Casalarreina, La 

Rioja. 

Ochre continuous. 

Irish Rural 
Sk1-Sk4 Limestone 15th  Skreen Church, Co. Meath. 

Ath1 Limestone 15th  Athlumney Castle, Co.Meath. 
Tr1-Tr3 Sandstone 13th  St John’s Priory, Co. Meath. 

Ntr Sandstone 15th  Cathedral of St Peter & Paul, Co. Meath. 

 
Pink, 
Discontinuous. 

 

Spanish Quarry 
Q1-Q4 Sandstone Unknown Los Hundidos Quarry, Abalos, La Rioja. 

Q5-Q7 Sandstone Unknown San Roque Quarry, Abalos, La Rioja. 

Ochre- white, 
discontinuous. 

 
A number of chemical analyses were 
performed in order to obtain quantitative 
chemical compositions for the films. The top 
surface of the samples (down to approximately 
1mm depth) was first digested using 0.5N HCl 
solution, and subsequently, chemical analyses 
were undertaken on the HCl soluble fraction.  
The presence of the elements Ca, Mg and Al 

were analysed using ICP-MS while Na and K 
were determined with AAS.  Sulfate (SO4

2-) 
was evaluated indirectly by precipitation with 
barium chloride (BaCl2) subsequently 
calculating the excess of Barium with ICP-MS.  
The concentrations of chloride (Cl-) and nitrate 
(NO3

-) were measured using a commercial ion-
selective electrode by a standard method of 
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water analysis. The electrode is connected to a 
pH meter (Orion Expandable ion analyzer 
model EA 920), which measures the potential 
difference between the ions in mV. The 
millivoltage of solutions with known 
concentrations are measured using the 
electrode. The problem samples are then 
prepared and tested for its mV reading and, 
using the calibration curve’s linear regression, 
the concentration of each sample is calculated.  
The phosphate (PO3

-) content was quantified 
with colorimetry by titration, using a 
spectrophotometer SPG-200. This is a classical 
colorimetric technique based on the oxidation 
by permanganate to phosphate which is then 
reacted with a solution of ammonium 
molybdate.  
Percentage weight lost on ignition gives a 
measure of the organic content and the 
carbonate content of a sample. Percentage loss 
on ignition values are calculated as an inverse 
relationship of the percentage dry weight 
values at different temperatures. To perform 
the ignition test, the top surface of the samples 
(down to approximately 1 mm) was calcinated 
at 200, 500 and 900ºC and the weight loss 
recorded in order to assess the amount of 
water, organic matter and CO2 respectively 
[15]. 
 

The mineralogy of the films was analysed by 
X-ray diffraction (powder method) with a 
Philips PW 1710 diffractometer using Cu α 
radiation with a voltage of 40 kV, and an 
intensity of 40 mA.  The area was scanned 
between 0 and 60 degrees 2θ. 
 
Thin sections of patinas were polished to the 
standard thickness of 20 microns, covered with 
a glass slip, and examined with a petrographic 
microscope. Petrographic examination was 
carried out using both natural and polarized 
transmitted light. Using this technique, the 
film thickness was measured, and textural 
features evaluated, as well as the nature of the 
contact between the film and the underlying 
substrate. 

 
The films were further studied with a scanning 
electron microscope (SEM). The analytical 
system employed was a Zeiss DSM-950 SEM 
equipped with a backscattered electron 
detector and a LINK-QX 2000 energy 
dispersive X-ray analysis attachment (EDX). 
Spectrums were taken with a voltage of 20 kV 
through a beryllium window. The system 
provided high-resolution, three-dimensional 
images of the films as well as qualitative 
elemental analyses of specific areas. 

 
4. RESULTS 

 
 

4.1 Chemical analyses and loss on ignition test 
 

The results of chemical analyses and loss on 
ignition are included in tables 2 and 3 
respectively.   According to the results, the 
monumental Spanish films from both rural and 
urban atmospheres predominantly contain 
calcium and sulfate, and the amount of sulfate 

in these samples is consistently higher than in 
all the other samples. The quarry films show 
the lowest amounts of SO4

2-, Cl-, NO3
- and 

PO3
- while the monumental samples from rural 

Ireland contain substantially less sulfate than 
those from Spanish monuments. 
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Table 2- Results of chemical analyses of the HCl soluble compounds.-average values. 
 

% dry sample weight Sample or 
sample 
group Na+ Ca2+ K+ Mg2+ Al3+ SO4

2- Cl- NO3
- PO3

- 
Spanish Urban 

V1-V3 - 3.26 0.01 - - 4.80 0.25 0.009 0.08 
V4-V5 - 4.13 0.20 0.06 0.001 2.00 0.52 0.05 0.13 

Sb16 - Sb28 0.20 3.41 0.16 - 0.005 9.11 0.47 0.19 0.006 
Spanish Rural 

A1-A5 0.21 1.03 0.19 0.02 0.002 2.38 0.46 0.19 0.03 

C6-C7 0.32 2.32 0.30 - 0.001 5.90 0.71 0.12 0.02 
Irish Rural 

Sk1-Sk4; 
Ath1 

0.33 4.02 - - - - 0.82 - 0.55 

Tr1-Tr3; 
Ntr 

0.66 3.37 - - - - 0.36 - 0.15 

Spanish Quarry 

Q1-Q7 0.01 0.97 0.003 - - 0.30 0.05 0.002 - 
 
 

The loss on ignition test (table 3) indicates that 
the monumental samples from rural Ireland 
contained the highest amount of organic matter 
and water, while the Spanish monumental 

stone from both rural and urban sites, as well 
as the samples from the quarries contained the 
highest amount of carbonate. 
 

 
Table 3- Results of loss on ignition test. 

 
% dry sample weight Sample or 

sample group H2O Organic matter CO2 

Spanish Urban 
V1-V3 0.20 2.01 12.70 
V4-V5 0.07 3.22 19.53 

Sb16 - Sb28 0.52 3.74 17.68 
Spanish Rural 

A1-A5 0.22 3.08 19.70 

Irish Rural 
Sk1-Sk4; Ath1 9.61 48.31 3.90 
Tr1-Tr3; Ntr  7.55 36.02 2.20 

Spanish Quarry 
Q1-Q7 0.07 0.09 25.34 
C6-C7 0.70 3.04 20.00 
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4.2 SEM and EDAX analysis 
 

Under the SEM, the films on both urban and 
rural Spanish monumental stone samples 
appeared as finely grained, continuous and 
homogeneous layers, with occasional fissures 
often in polygonal arrangement (figures 1, 2 
and 3). Their thickness was rather uniform, 
ranging between 20 and 40 μm. A further 
feature of these films was the presence of 

striae (figure 4). In contrast, the Irish rural 
films possess a heterogeneous microstructure, 
and the contact between the film and the stone 
is penetrative displaying irregular, winding 
sections (figures 5 and 6). The Irish rural films 
had a tendency to become electrically charged 
obscuring micro structural analysis and 
composition spectrums. 

 

  
Figures 1 and 2. SEM images of film on urban Spanish monumental stone: granite (on the left, 
samples V1-V3) and carbonate stone (right image, samples V4-V5). X 200. 

 
 

  
SEM images of film on rural Spanish monumental stone. 

Figure 3. Fissures in a polygonal arrangement 
on sandstone. Samples A1-A5, X500. 

Figure 4.  Detail of striae and fracture on 
limestone film. Samples C6-C7. X1000. 
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The microstructure of the Spanish monumental 
films above is substantially different to that of 
a stone surface affected by sulphation. Under 
the SEM, stone affected by sulphation in urban 
atmospheres displays a rough texture with a 
network of lentil-shaped gypsum crystals in 
which carbonaceous, mineral and organic 
matter, as well as particles derived from 

industrial pollution are trapped [16, 17, 18, 
19]. Sulphated surfaces display similar 
composition and microstructure regardless of 
the type of substrate [19]. None of the 
microstructural features above exist on the 
Spanish monumental films analysed however, 
combustion-derived carbon microspheres were 
observed in two urban films (samples V1-V5).  

 

Figure 5. Optical microphotograph of a film on 
Irish rural sandstone showing quartz grains 
detached from the substrate and incorporated 
into a mat of prismatic crystals. Sample Ntr, 
magnification10x, crossed polars. 

Figure 6. Optical microphotograph of film on 
Irish rural limestone. The film interweaves iron 
carbonate grains from the underlying limestone. 
Sample Sk1-Sk4, magnification10x, plane polars. 

 
The results of elemental analysis by EDX 
revealed that the films on Spanish 
monumental stone were rich in Ca, 
regardless of whether the support was 
granite, dolomite or sandstone. Other 
elements recorded, in decreasing order of 
abundance, were S, P, Fe, Cl and Zn. Ca and 
S, which were predominantly found in films 
over granite (figure 7) whereas Ca and P 

were the most characteristic elements of 
films on carbonate stone (figure 8).  Fe, Cl 
and Zn were also present in very small 
amounts in most samples. The quarry films 
predominantly contained Ca, while the rural 
Irish films also contained mainly Ca, 
followed by (in relative abundance) Mn, Na, 
Cl, P, Si, Al and Fe.  

 
4.3 X-ray diffraction Analysis 

 
A selection of the collected samples of films 
on granite, sandstone and carbonate rocks was 
analysed by XRD. The mineralogical 
composition of the films studied can be found 
in the tables below which summarise the 
results from approximately 40 film samples. 
Calcite is present in all the films studied. 
Calcium oxalates (whewellite and weddellite) 
often found in monumental stone patinas [17, 

19, 20-27] were identified in most films on 
Spanish monuments. Calcium oxalate hydrate 
was recorded in the rural Irish samples while 
no oxalates were recorded in the quarry films. 
The XRD results indicate that the Spanish 
films, from both rural and urban monuments, 
mainly consist of calcite and gypsum with 
traces of calcium oxalates. The results also 
indicate that the quarry patinas as well as the 

0.02 mm 0.02 mm 0.02 mm 



Irish films from rural monuments do not 
contain gypsum.  
 

 

 
 
 

 
Figure 7   Elemental composition of film on monumental urban granite (samples V1-V3) 
obtained with EDX analysis. 

 
 

 
Figure 8   Typical elemental composition of film on monumental urban carbonate stone 
(samples V4-V5) obtained with EDX analysis. 
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Tables 4 and 5- Mineralogical composition of films analysed by X-ray diffraction. 
Q-quartz, C-calcite, F-feldspar, Chl-chlorapatite, M-clay minerals and mica, D-dolomite, R-
rhodochrosite, H-hematite, S-gypsum and anhydrite, Coh-Calcium oxalate hydrate, Wh-
whewellite, We-weddellite. XXX-abundant:>40%; XX-subsidiary: 40-15% ; X- minor:15-7%; t- 
trace:<7%.   Note:  ‘%’ Refers to the total mineralogical content (by weight) of the samples 
excluding amorphous phases. 
 
 

Table 4- Mineralogy of films on granite and carbonate rocks 

Mineralogy Sample or 
sample 
group  

Stone 
Type 

Q C Chl R H S Coh Wh We 

Spanish Urban 
V1 Granite - XXX - - - t - - - 
V3 Granite - XXX - - - t - - t 

V4-V5 Dolomite X XXX - - - t - - t 
Spanish Rural 

C6- C7 Limestone t XX - - T t - t t 
Irish Rural 

Sk1-Sk4;  
Ath1 

Limestone X XX X X - - X - - 

 
 

Table 5- Mineralogy of films on sandstone 

Mineralogy Sample or 
sample 
group  Q C F M D H S Coh Wh We 

Spanish Urban 
Sb 16-23 XX XXX t - t t t - t - 

Sb 27 XX XXX X T t t t - - t 

Sb 28 XX XXX t X t t t - - t 
Spanish Rural 

A1 XX XXX t X t t t - t - 

A2 XXX XX t X - - t - - t 

A5 XX XXX t X t t - - t - 
Irish Rural 

Trl-Tr3; Ntr X X - T - - - X t t 
Spanish Quarry 

Q1 XX XXX t - - - - - - - 

Q2 XX XXX - - - - - - - - 

 
 
 
 
 
 
 

 9



 
4.4 Petrographic microscopy 
 

Under the petrographic microscope, the Irish 
rural films consist of a mat of prismatic crystals 
which display cleavage, a low birefringence 
and low surface relief (figure 5), the contact 
between the films and the stones was 
penetrative with irregular, winding sections 
(figures 5 and 6). On sandstone, the film 
includes quartz grains similar to those present 
in the sandstone substrate (figure 5). By 
petrographic analysis, the sandstone substrate 
was classified as a quartz arenite with an 
argillaceous matrix and ferruginous cement. In 

the films on limestone, a crystal mat similar to 
that found on sandstone had incorporated iron 
carbonate from the underlying rock- see figure 
8. The limestone substrate was classified as a 
partially silicified micritic limestone containing 
iron carbonate. 
 
The quarry films consistently displayed a 
network of elongated crystals of calcite (figure 
9) while the films on Spanish monumental 
stone typically showed a regularly stratified 
horizontal microstructure (figure 10).   

 

  
Figure 9- Optical microphotograph of quarry film 
(sample Q1-Q4) displaying a network of elongated 
crystals of calcite, 10x magnification, crossed 
polars. 

Figure 10- Binocular magnifying glass photograph 
showing the uniform stratification of a film on a 
Spanish monumental sandstone (urban samples 
Sb16 - Sb28), 200X, plane polars. 

 
 

5. DISCUSSION 
 

According to the results obtained, the films 
analysed fell into three distinctive groups: 
quarry films; films on rural Irish monuments; 

and films on rural and urban Spanish 
monuments. 

 
5.1 Quarry films 

 
Petrographic and XRD analyses evidenced that 
the films found in sandstone quarries are 
inorganic in nature and consist of crystalline 
calcite. XRD analyses revealed that the mineral 
composition of these films was mainly calcite 
plus some quartz and traces of feldspar, both 
probably released from the underlying 
sandstone. The chemical composition and loss 

on ignition tests agree with the results from 
petrographic analysis and XRD, showing that, 
in fact, the quarry films are almost pure calcite 
with neither gypsum nor organic matter. The 
chemical and EDX analyses showed that, in the 
quarry films, elements such as P, Cl and N, 
which are often associated to oxalate films [1, 
21, 22, 27, 28], are very low or non-existent.   

20 
μm 

0.02 mm 
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These films have probably originated by the 
dissolution and recrystallization of the 
sandstone’s calcite cement as a result of 
interaction with moisture. Resulting from 
interaction with moisture, calcite often 

weathers by dissolution and subsequently re-
precipitates.  Fragile, impermeable calcite 
crusts have been recorded on calcite-bearing 
porous substrates as a result of weathering [17, 
19].  

 
5.2 Films on rural Irish monuments 

 
The results suggest that the pink film on the 
rural Irish monuments is of biological origin.  
Former research [29-31] has proven that 
lichen hyphae penetrates in stone causing 
surface blistering, separation of mineral grains 
and dislodgement of platy minerals such as 
mica. Prieto et al. [33] demonstrate that lichen 
is an aggressive coloniser of granite causing 
chemical disturbances through the formation 
of both calcium oxalate monohydrate and 
dehydrate. These authors also provide 
evidence of substratal incorporation of quartz 
into lichen talli. In the present work, 
petrographic microscopy revealed that the 
film consists of a mat of slender prismatic 
crystals, which have entwined minerals from 
the underlying substrate (quartz on sandstone 
and iron carbonates in the limestone films). 
These results, together with the absence of 
recrystallized calcite and the penetrative and 
irregular contact between the film and the 
underlying stone, indicate the existence of 
biological activity.  The high water and 
organic contents recorded by loss on ignition 
also agree with a biological origin for these 
films. Under the SEM, transversal sections of 
the films showed irregular penetrative 
sections emphasizing the petrographic results. 
However, studying these samples using SEM 
proved to be difficult as they had a tendency 
to become electrically charged, thus 

preventing micro structural analysis and EDX 
composition spectrums. 
 
XRD evidenced the presence of calcium 
oxalate hydrate together with calcite and 
quartz, rhodocrosite, chlorapatite and, 
perhaps, sodium hydroxide. An outstanding 
feature of the Irish rural films is the absence 
of gypsum. Given that the results indicate a 
biological origin for these films, it is 
reasonable to conclude that the oxalate 
contained within them was also biologically 
produced. According to Del Monte et al. [5, 6] 
oxalate films are biologically produced and 
the oxalate in patinas results from lichen 
colonisation. The optical properties of the 
prismatic crystals forming the mat including 
cleavage, a low birefringence and low surface 
relief are consistent with the optical properties 
of calcium oxalates. Calcite, quartz and 
rhodocrosite were probably gathered, by the 
biological mat, from the underlying substrate 
(figures 6 and 7). Futhermore, the pink 
colouring of these films may be due to 
biological activity. Krumbein [8, 9, 10] and 
Urzi et al. [7] demonstrate that 
microorganisms are able to colour the stone 
surface, and they state that the main cause of 
superficial coloured patina are biological 
effects.   

 
5.3 Films on rural and urban Spanish monuments 

 
XRD showed that all the films from Spanish 
monuments contain gypsum and oxalates, 
minerals that are not present in any of the rock 
substrates. The presence of gypsum, together 

with the microstructure of these films suggests 
an artificial origin.  
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According to Cabrera Garrido [14] limestone, 
sandstone and even granite have often been 
coated in the past with thin washes of lime 
and gypsum. However, given that sulphation 
is one of the most common decay mechanisms 
affecting stone in urban atmospheres, it could 
be argued that the gypsum in the urban films 
studied originated from atmospheric pollution. 
But, the finely grained, homogeneous 
microstructure of the Spanish monumental 
films revealed by SEM is substantially 
different to the typically rough texture of a 
stone surface affected by sulphation where 
carbonaceous, mineral and organic matter are 
trapped in lentil-shaped gypsum crystal 
networks. Furthermore, gypsum is also 
present in the rural films which have never 
been exposed to high levels of industry or 
road traffic which are the principal sources for 
atmospheric sulphur [17]. Therefore, the 
gypsum recorded in urban Spanish films is 
clearly not due to pollution but may have 
originated from thin washes applied to the 
stone in the past. The presence of occasional 
striae gives evidence for the film having been 
applied by brush as a finish (figure 4), and 
provides further support for the view that 
these films are man-originated.  
The presence of fractures arranged in a 
polygonal mosaic determined with SEM 
further agrees with an artificial origin. The 

significant amount of calcite determined with 
XRD and the polygonal fractures recorded 
with SEM suggest that lime was probably 
used as an ingredient in the films.  Lime 
hardens by carbonation and dehydration, both 
mechanisms associated with a high contraction 
coefficient inducing fracturing (figures 2 and 
3).  The low water and organic matter content 
as well as a significant carbonate content 
calculated by loss on ignition support the view 
that the films are not biogenic. 
Given the persistence of Ca, S, Fe, P, Cl and 
Zn, recorded by chemical analyses and 
SEM/EDX, it was concluded that these 
elements are typically inherent to the 
monumental films studied. According to 
Lazzarini and Salvadori [1], milk and egg 
white would have provided Ca, Fe, P, S and 
Cl.  Due to their binding properties, milk and 
egg were often used in the building trades as 
binders and consolidants, by mixing them 
with inorganic binders such as lime wash and 
silicates [28].  Phosphorous naturally occurs 
in milk (casein is a phospho-protein). Organic 
mixtures of milk and egg white also contain 
Cl. A possible source for Fe is the presence of 
added pigments other sources of Fe are the 
organic ingredients aforementioned or the 
rocky substrate (iron-bearing mica and iron 
oxides and hydroxides are present in granite, 
sandstone and carbonate stone). 

   
 

6. CONCLUSION 
  
This study shows that films on monumental 
stone may have different origins, and in 
particular, that oxalate films may be either 
man originated or biologically produced. The 
films studied fell into three distinctive types:  
a crystalline calcite film resulting from 
weathering was found in quarries; an oxalate 
film of organic origin was present in rural 
Irish monuments and a man-made oxalate film 
containing gypsum was recorded on Spanish 
rural and urban monuments.   

 
Evidence of the biological origin of the rural 
Irish oxalate films was provided by the high 
water and organic content of the films, the 
absence of gypsum, and the appearance of the 
oxalate crystals, which have grown in a mat-
like structure entwining minerals from the 
underlying substrate.  
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In contrast, the Spanish films on sandstone, 
granite and carbonate stone are probably man-
made in origin, being formed from surface 
treatments historically used as a masonry 
finish.  They are linear layers of uniform 
depth and texture, with a low water and 
organic matter content, displaying striae and 
polygonal fractures and consisting of gypsum 
and oxalates as well as elements typically 
found in milk and egg (often used as binders 
in the building trades). These were probably 
fabricated by mixing inorganic binders such 
as lime and gypsum with organic 
agglomerates such as milk and egg white, and 
generated by bio-destruction of organic 
proteins coupled with hardening of inorganic 
binders.  The presence of gypsum and lack of 
evidence of stone sulphation, together with 

historic records of the application of surface 
treatments to stone further support the view 
that these films are of an artificial origin. 

 
It can be concluded that films or patinas are 
thin coatings on monumental stone which 
display variable compositions and can 
originate either as a result of microbiological 
activity or through weathering by dissolution 
and subsequent recrystallization of carbonate 
minerals from the underlying substrate.  
Furthermore, this work suggests that films can 
also originate from the destruction of organic 
proteins and the hardening of inorganic 
binders, and through ageing under 
environmental exposure of man-made films 
applied in the past. 
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