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Preface
The majolica technique is an Islamic heritage whose technology flowed from the Middle East to Iberia, 
then to Italy, where it evolved and flowered during the Renaissance, and from there back to Spain 
and to Antwerp from where it irradiated throughout Europe. In decadence as an art medium in the 
second half of the 16th century, majolica had a surprising flowering in Portugal precisely at that time 
in a particularly demanding avatar as wall linings, and the pillars of the Portuguese predilection for 
majolica azulejos started being grounded. After a century of evolution through a succession of styles, 
full linings in cobalt blue over the white tin glaze were again promoted to the status of art in Portugal 
at the close of the 17th century, when artists started painting and signing azulejo panels masterfully 
integrated in the Baroque interiors - maybe the most original Portuguese contribution to the art 
heritage of Europe.
Movable Italian maiolica art is supremely beautiful but for glazed ceramics to be integrated 
architecturally, a whole new set of problems materialize. Majolica linings are an artist’s dream and 
an engineer’s nightmare. A dream because the pigments used to paint them become sealed in 
glass and potentially forever lasting and shiny; a nightmare because they go against the most basic 
recommendations an engineer would put forward about a construction material. Laminated materials 
are problematic because their properties change abruptly, which is always a source of concern for the 
engineer. But glazed ceramics such as azulejos take that proposition to extremes by lining a very porous 
ceramic material that tends to expand by absorbing humidity with impermeable glass that does not 
expand at all and totally cuts the vapour transmission from the wall to the environment. Glazed 
ceramics for architectural integration are a summit of achievement of try-and-error technology that 
does not cease to amaze those who dwell into its technical intricacies.
This duality of art content and its material embodiment calls for a co-operation between the Art 
Historian and the Materials Engineer and that was the ground for the fruitful understanding established 
in 2009 between the Museu Nacional do Azulejo (the National Azulejo Museum of Portugal) and the 
Laboratório Nacional de Engenharia Civil (LNEC - the National Laboratory for Civil Engineering) which 
frames the organization of the present event. The recent project FCT-AzuRe funded by the Portuguese 
Foundation for Science and Technology involves also the HERCULES Laboratory of the University of 
Evora and the contributions of five different specialized approaches that led to the first scientific 
instrumental-based probe into the early establishment of azulejo workshops in Lisbon. Some results 
of that project will be disclosed in this conference.
The organization is also a joint effort of the European Project IPERION CH and the National Research 
Infrastructure on cultural heritage E-RIHS.pt that called for a decisive effort from the members of both 
the Organizing and the Scientific Committees and to all their members goes our heartfelt thanks. 
LNEC staff is acknowledged for the local organization and support to the conference. Last but indeed 
not least, our appreciation goes to all authors whose contributions are the body of the Conference.
GlazeArt 2018 follows the successful GlazeArch 2015 and affirms our aim to organize a string of 
conferences to help expand the network of co-operations towards the understanding and preservation 
of not only azulejos or majolica, but the whole glazed ceramics heritage.

João Manuel Mimoso
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Signatures and authorship marks on Portuguese azulejos 
(16th-18th centuries) 
Rosário Salema de Carvalho1 and Francisco Queiroz2 
1 Az – Rede de Investigação em Azulejo, ARTIS – Instituto de História da Arte, Faculdade de 
Letras da Universidade de Lisboa, Lisbon, Portugal, rscarvalho@letras.ulisboa.pt 
2 Az – Rede de Investigação em Azulejo, ARTIS – Instituto de História da Arte, Faculdade de 
Letras, Universidade de Lisboa, Lisboa, Portugal, correio@franciscoqueiroz.com 

SUMMARY 
In the early 20th century, the authorship of the Portuguese azulejo (glazed tile) was widely 
discussed by Art History. Liberato Telles1, José Queirós2 and Vergílio Correia3 were some of the 
authors who, at an early stage of the tile studies, were more concerned with collecting lists of 
signed and dated azulejos. The compilation of signatures and related records allowed for the 
creation of artistic corpora that still help researchers in what concerns attributions, thus 
progressively increasing the number of works associated to each painter. Nevertheless, the studies 
on Portuguese azulejos rarely explore all the information about signatures and authorship marks, 
in order to overcome the mere identification of the author and the year.  
Indeed, even at an international level, many authors argue that the issue of signatures has never 
been properly explored by Art History4. However, this does not fully correspond to reality, as 
there are several reference articles on this subject discussing this particularly rich and complex 
phenomenon, which is that of signatures in painting.  
Returning to the azulejo, the present paper is part of a much wider approach aiming encompass a 
deeper analysis on signatures in Portuguese azulejos within a time period running from the 
beginning of the 16th century to the first decades of the 20th century5. The choice of such a wide 
time-span will allow us to compare the common practice of the artists’ workshops of the Modern 
Age, in terms of authorship, granting us the opportunity to clearly identify periods with a larger 
number of signed tileworks, in contrast to others for which almost no authorial marks are known. 
Moreover, this long period of time allows us to propose a correlation between the greater or lesser 
presence of signed tileworks with the typologies of azulejo coverings that were predominant in 
each epoch and the inherent production practices. Also, it leads to issues of painters’ social status 
as well as of the artistic and cultural context. However, due to the constraints of an article, we 
will move only one step forward by systematizing the identification of variations, abbreviations, 
numbers, Latinizations, ornaments or complementary expressions from the beginning of the 16th 
century to the middle of the 18th century. All the information used is available online, organized 
in photographic albums and in a timeline, thus contributing to different and new data 
visualisations6.  
As we explore along the full article, the signatures or the authorial marks are, as expected, only 
associated with figurative coverings: in a first stage only with imported tiles and what is 
conventionally designated as the first Portuguese production, in the Mannerist taste; and, already 
in the last quarter of 17th century, related to the great narrative cycles executed in blue and white 
colours. 
The older marks – the monograms – are certainly rooted in a tradition linked to Northern Europe, 
and the names of the authors are progressively unfolded. At the end of the 17th century, Gabriel 
del Barco signed a large number of coverings, and he is the painter with more works associated 
to his signature, using different variants. Like the painters of the next cycle, known as the 
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Masters’ Cycle, the assumption of an authorial mark and the desire for authorship recognition 
seems obvious. If the so-called Master P.M.P. seems to use only an acronym almost as if it were 
a stamp, others use the handwriting closest to the signatures that can be compared with archival 
documents. Still others, such as the Bernardes family, Latinize the names and surnames, certainly 
as a form of association with classical and Roman tradition and a more erudite universe, 
exemplified by the “pinxit” expression used by Policarpo in Viana do Castelo or, more 
generalized, the Latin form of facere – fecit. As the 18th century progresses, the signed works are 
in much smaller number and interestingly all the few signers were disciples of António de 
Oliveira Bernardes. In fact, the cycle of the so-called Great Joanine Production did not favour 
the individualization of painting, and in the mid-18th century signatures tended to disappear from 
Portuguese azulejos. 
Concluding, in spite of the different questions that still require an answer and concerning the 
situation of painters as well as the recognition of painting as a liberal art, the apposition of the 
signatures observed is indicative of an authorial intention, and reveals an attitude towards the 
work, whether is it conscious or not of an artistic personality. On the other hand, and as we stated, 
this article aims to systematize the known signatures on azulejos of the first Portuguese majolica 
production and the Baroque period, but broader research is required in which the comparison with 
the signatures and authorship marks present on tiles produced in other European centres is crucial.  

Key-words:  Azulejos (tiles), painters, signatures, Portugal 

ACKNOWLEDGMENTS 
This study was financed by Fundação para a Ciência e Tecnologia (FCT-Portugal) with a 
postdoctoral grant (SFRH/BPD/84867/2012) owned by the first author, supported by the 
European Social Fund through the Human Capital Operational Programme (HCOP), and by 
national funds from the Ministry of Science, Technology and Higher Education.  

BIBLIOGRAPHIC REFERENCES 
1 TELLES, Liberato – Duas palavras sobre pavimentos. Typographia da Companhia Nacional Editora, 
Lisboa, 1896. 
2 QUEIRÓS, José – Cerâmica Portuguesa e outros estudos. 4a ed. Lisboa: Editorial Presença, 2002 [1907]. 
3 CORREIA, Vergílio – Azulejos. Livraria Gonçalves, Coimbra, 1956. Publicação original da obra Azulejos 
Datados em 1916 e 1922. 
4 GILBERT, Creighton – A preface to signatures (with some cases in Venice).Fashioning Identities in 
Renaissance Art, edited by Mary Rogers, Ashgate, 2000, 79-87.  
5 This study includes a psychological approach, based on the same methodologies used by graphologists and 
forensic experts, in order to complement the traditional procedures of Art History. 
6 See https://azinfinitum.wixsite.com/signatures 

                                                           

2

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 

 

Study on the Relationship between Chinese Blue and 
White Porcelain and Portuguese Azulejos 
Yang Liu1, Dongliang Lyu2 
1 Charles University, Faculty of Humanities, Prague, Czech Republic, 
MAGGIEliuyang1989@gmail.com 
2 Charles University, Faculty of Humanities, Prague, Czech Republic, ldl890901@gmail.com 

SUMMARY 
Azulejo is a Portuguese word which describes a square ceramic plaque with decorated glaze on 
one of its surfaces. Although azulejos do not originate from Portugal their extensive and 
uninterrupted use for over five centuries, covering surfaces on both the inside and outside of 
buildings, testifies to the fact that they have become representative of the developments in 
Portuguese art during the past 500 years. 
In the 16th century, the ceramic industry in Europe was relatively backward. Blue-and-white 
porcelain started to be favored by European society once its import had begun. The complicated 
patterns of Chinese blue-and-white porcelain have obvious Islamic influences in the Yuan 
dynasty and the first half of Ming dynasty. The azulejos used in Portugal in the first half of the 
16th century were produced in Spain. The motives of Portuguese azulejos could have similar 
patterns to those of Ming Dynasty but they came from Spain and they have been always related 
with Islamic culture, the same that was influential during the reign of the Chinese Emperor 
Zhengde (1506-1521). We can say, therefore, that in regards to Islamic symbolism, this situation 
of early Portuguese azulejos art was similar to that of China. At the beginning of the 16th century, 
the Portuguese had taken the lead in starting trade in Chinese blue-and-white porcelain. This 
historical fact was recorded in the Chinese and foreign literatures, and, more importantly, remains 
of cultural relics have been found on the ground, underground, and on the seabed. 
Chronologically, first there was armorial porcelain, followed by large-scale export of Kraak 
porcelain to Portugal, and then Chinese blue-and-white porcelain elements became clearly visible 
on tiles in Lisbon. According to studies conducted by Portuguese art historian Maria Miranda, 
there are three sources of the Portuguese blue-and-white azulejo iconography: one was introduced 
by the Arabs; one was imported from Spain; and another one was from the Netherlands.  [1] 
Clearly the direct influence of Chinese blue-and-white porcelain has not been sufficiently 
considered. Chinese blue-and-white porcelain matured at the end of the Yuan Dynasty (1340-
1368). After the development and reform in the early Ming Dynasty (14th-15th Century), it 
became the mainstream of Chinese porcelain after Emperor Jiajing (1522-1566) of the Ming 
Dynasty. It quickly spread throughout China and it started to exported in large quantities. From 
the 16th to the first half of the 17th century, almost all of the exported porcelain was Chinese 
blue-and-white porcelain. If Portuguese blue-and-white azulejos were not related to the large 
quantity of imported Chinese blue-and-white porcelain during this period, it is difficult to explain 
how blue-and-white azulejos were not so popular. After Chinese blue-and-white porcelain was 
exported to Portugal, blue-and-white azulejos began to become popular in Portuguese society, 
which clearly shows that Portuguese blue-white azulejos had a definite connection with Chinese 
blue-and-white porcelain. In addition, the armorial porcelain and Kraak porcelain in this period 
was almost entirely blue-and-white porcelain; the former due to the customization of the 
Portuguese; the mass production of the latter was a result of Portuguese demand and was named 
after the Portuguese vessel, which is enough to show that these two new varieties of blue-and-
white porcelain had a direct relationship with Portugal. Third, in the 17th century, Delft in the 
Netherlands successfully imitated and produced blue-and-white pottery. It was also the result of 
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participation in the large-scale blue-and-white porcelain trade in the Netherlands, not to mention 
that the Portuguese began to produce blue-and-white pottery on a large scale in the early 17th 
century. Therefore, blue-and-white azulejos had long dominated Portugal in the late 17th and 
early 18th centuries, which in terms of time was closely related to the export of Chinese blue-
and-white porcelain in the 16th century. Of course, in-depth research in this area has yet to be 
carried out. Before the end of the 17th century, Portuguese azulejos were generally polychrome, 
the lines were diagonal but mainly in the chequered or “enxaquetado” patterns that were 
combined with patterned tiles, covering the interior of the entire building: this period clearly 
showed many influences rather than simply the Islamic, also appreciated Mongol, Indian and 
Chinese. Since late 16th century, patterned azulejos with floral motives began to appear, 
gradually covering the entire walls of a building in the beginning of 17th century. Along with the 
prevalence of Baroque and Rococo art, a variety of rich characters began to appear on the surface 
of azulejos [2]. This kind of creative technique is similar to the Chinese blue-and-white porcelain 
production method, but the Portuguese painters incorporated the elements of light and shade and 
optical illusion of the western painting into the tiles of their country, which made the azulejos 
more rigorous, precise and true, thus producing a completely different temperament and charm. 
The Chinese blue-and-white porcelain is ink painting style is elegant, in contrast, the Portuguese 
blue-and-white tile is oil painting style on a faience canvas. 
Through the research, the following conclusions are drawn:  
First, the Chinese blue-and-white porcelain also plays an important role in the history of European 
art development. The blue-and-white porcelain crossed the sea and entered the life of the 
Portuguese, it has also profoundly affected the expression of Portuguese art——Azulejo, which 
is an important fusion point of the cultural exchange between China and Portugal. The blue-and-
white porcelain moved from the Chinese mainland to the outside world, from the emergence of 
civilization to social fashion, indicating the beginning of globalization. 
Second, the link between Portuguese blue-and-white azulejos and Chinese blue-and-white 
porcelain style can be divided into three stages, first, the inspiration is clearly visible; second, the 
style is a mixture of Chinese and Portuguese decorative elements; the last, have more Portuguese 
native style. 
Third, azulejo is an art form developed independently in Portugal. It is a very important part of 
Portuguese culture and art, it also enriches the Portuguese culture and art expressions. We cannot 
over-exaggerate the influence of Chinese blue-and-white porcelain on Portuguese azulejos, but 
at the same time we must also appreciate the special role played by Chinese blue-and-white 
porcelain in the process of development and evolution of Portuguese azulejos. 

Key-words: Chinese blue, white porcelain, Portuguese azulejos. 

BIBLIOGRAPHIC REFERENCES 
[1] Miranda, M. – Portuguese Art History. China Federation of Literary and Art Circles 
Publishing Corporation, Peking, 1997. 
[2] Meco, J. – Portuguese Azulejo Art. Peking University Publishing House, Peking, 1995.  

4

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



Pottery from Nishapur: Kunstwollen of Iranians 
Anna Kholomeeva1 
1 PhD student, The State Institute for Art Studies, Moscow, Russian Federation, 
a.kholomeeva@gmail.com   

SUMMARY 
The joining of the Iranian territories to the Caliphate and the spreading of Islam had a beneficial 
effect on the self-consciousness of Iranian artists. The result of this was the creation of the various 
types of designs and aesthetic effects of pottery production in the eastern Islamic lands of the IX-
XI century. According to Oleg Grabar, who was one of the major figures in the field of Islamic 
art,  the emergence of this ‘art of luxury ceramics’ is one of the most uniquely early Islamic 
developments in art  [1]. 
We are able to observe the variability of the principal stylistic features in Iranian pottery that are 
rooted in the fundamental changes under way in a certain society, its ideals, reappraisal of its 
values, proceeding the ideas of Alois Riegl and Hans Sedlmayr who are the bright representatives 
of Vienna School of Art History. 
The aforementioned changes in the spirit of people came as a consequence of the Muslim 
conquest, and in turn led to the emergence of a variety of artistic motifs in ceramics. 
This research represents a study of the glazed Iranian pottery, mainly from the city of Nishapur, 
through the concept of artistic will, or volition - Kunstwollen.  
It will be represented through the examination of the several sources of inspiration for Iranian 
artists as the ways of their perception of the outside world and a subsequent transformation of the 
received ideas as an impelling impetus to a transformation in art. 
Chinese products were one of the sources of inspiration for the Iranian artists. They transformed 
them and created the distinctive art types of ceramic items, revising the Far Eastern tradition in 
order to create something authentic, complying with the Iranian discourse. 
Another source is the Arab world. Arabs, together with the graphic style of thinking, brought 
order to the Iranian traditionalism of artistic thinking, which was formed through a religious mode 
of vision with its ritual side, different from Arabic. Through the example of ceramic items with 
Kufic Arabic inscriptions on a creamy white opaque ceramic surface, there can also be traced the 
Iranian Kunstwollen. The aesthetics of Arabic calligraphy seamlessly began to grow on Iranian 
ground, changing over time beyond recognition. It is the transformation of these inscriptions into 
ornament that is a manifestation of the processes of interaction of the cultures in question. 
Not only the intervening Arab ideas were transformed. The creative vision of the Iranian artists 
was able to transform the former images of the Iranian ethnos. A group of items depicting festive 
scenes, feasting, hunting, serves as an example to this. 

CONCLUSION 
During the examination of some ceramics types, certain principles of the internal organization of 
the artistic process that Nishapur’s artists followed were expressed. It is also possible to describe 
the points of contemplation of reality, for the factors that apply to the processing of external 
impressions also apply to the development of works of art according to Alois Riegl.  
Iranian artists were constantly in pursuit of new ideas, not content with the style once found.  
Through their perception of the outside world they created the new forms, artistic decisions, 
principles of style.  
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One of the important consequences of their search of artistic ideas and its subsequent embodiment 
was the technological development in the field of ceramics production. This is another 
confirmation that the creation of the piece of art is not only the consequence of technology and 
current materials, as Semper claimed [2]. In contrast, the approach of Riegl, based on the concept 
of Kunstwollen, which transcend the technology or the utility is confirmed by the example of 
Iranian ceramics. 
In the case of ceramics types discussed in the preceding sections, it is important to highlight one 
more time the force of Kunstwollen search and the artistic will for artists in Nishapur. Hardly had 
the Iranian artists appealed to foreign form when they transformed it according to the modus of 
their viewing. The same process occurs with other forms from which the Nishapur’s artists were 
seeking for inspiration. 
The ceramics of the eastern lands of the IX-XII century Caliphate is also an outstanding example 
of a combination of the Arab and Iranian worlds’ traditions. The merging of the pre-Islamic 
Iranian traditions with the graphic mindset of the Arabs stimulated the creation of the various 
types of designs and aesthetic effects of ceramic’s production.  
There is therefore some evidence to suggest that Iranian art in the first centuries of Islam had its 
own course of development based on the flexibility of culture and awareness of its own identity. 
In this conjunction Grabar’s general conclusion on the regional nature of the Iranian art before 
Mongol conquest not being “part of the newly formed Islamic art” [3]  is confirmed. 
The study also revealed that the process of affirming of the Iranian identity through Kunstwollen 
can be traced in Nishapur's ceramics.  

Key-words: Iranian earthenware, ceramics from Nishapur, Kunstwollen Iranians’, Kunstwollen, 
Iranian identity 

 

1 GRABAR O. The visual arts. R.N.FRYE, The Cambridge History of Iran. Frye R.N. (5th ed., 
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Tiles in the Museum of Civil Engineering 
Alcínia Zita Sampaio1 
1 Dep. Civil Engineering, IST, University of Lisbon, Lisbon, Portugal, 
zita.sampaio@tecnico.ulisboa.pt 

SUMMARY  
The Museum of Civil Engineering of Instituto Superior Técnico (IST) contains a significant 
collection of elements related to the different areas involved in the Construction sector. A 
Museum, when inserted in a technical university, is a privileged place for the preservation of 
the historical memory concerning the construction techniques evolution along ages, including 
the progress of the architectural tendencies used in urban buildings. 
Concerning the Architecture topic, the Museum [1] contains the re-creation of the work room of 
the architect Álvaro Machado (1874 - 1944), first professor of architecture of the IST, and a 
collection of drawings of his projects. The room recreates his atelier, originally installed in his 
house, in Lisbon. The work place was meticulously built by Machado, since 1910, over years of 
use. All the furniture was designed by him, and it is composed of desk, tripod support, bookcase 
and banks (Figure 1). 

 
Figure 1 – Atelier of Álvaro Machado and drawing of a project. 

The architect was the author of a vast work, and following the tendency of using tiles as 
decorative details in buildings’ facades, he applied tiles in his projects (Figure 1). According to 
the publication co-hosted by Caldas [2], “the quality of the drawings and the aesthetic and 
historic interest of the environment preserved were notable and could not immediately be 
dispersed” and so the IST kept “their documents and projects to be consulted and they are open 
to researchers to study his work”. 
The Museum serves as a memory of architectural work of Alvaro Machado, represented in 
various drawings, and contributes to the dissemination of his work revealed in several buildings 
in the zone of Lisbon. Álvaro Augusto Machado proved early to be a young architect with great 
imagination, but he expressed it in a realistic mode. He was the author of several projects of 
single-family buildings in Lisbon (Figure 2):  

 The Valmor prize was awarded in 1919 to the architect concerning a single-family 
project, located in Av. Duque de Loulé, Lisboa. The building of the Museum Bordalo 
Pinheiro was built in 1913 with the architectural project of Álvaro Machado, and he 
was awarded an honorable mention of Valmor prize of 1914; 

 The building of the current Academic College, located at the Republic Avenue, was 
designed by him in 1904. The building of the National Society of Fine Arts (SNBA), 
located at Rua Barata Salgueiro, in Lisbon, was designed also by Machado. 
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Figure 2 – Buildings projected by Machado. 

The architect applied tiles on façades of urban buildings. Figure 3  presents a picture of the 
SNBA building and a drawing of the architectural project and a pencil drawings, ink and 
watercolor on paper of the architectural project of the House of Health Portugal-Brazil in 
Lisbon. Both show tiles applied in facades. 

 
Figure 3 – Tiles applied in facades.  

The architectural drawings outlined by the architect Álvaro Machado are part of the estate given 
to IST. The drawings show the application of tiles on facades, and how each ceramic element is 
represented in detail using watercolor. The quality and aesthetic of the drawings are evident 
supporting the great interest of IST to preserve these notable graphic works made by Machado 
and so it could not be dispersed. 

Key-words:  Tiles, heritage, atelier of architect, projects, drawings  

BIBLIOGRAPHIC REFERENCES 
1 Museum of Civil Engineering, http://museudec.tecnico.ulisboa.pt/ 
2 CALDAS, João, PERA, Teresa - Álvaro Machado, first professor of Architecture at the IST - 
exhibition of the donated estate. Museum of Civil Engineering, IST, Lisbon, 2002. 

8

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



The use of “Tijomel” tiles in Portuguese modern 
architecture 
Catarina F. M. Geraldes1, João Manuel Mimoso2 and Alexandre Pais3 
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2 Laboratório Nacional de Engenharia Civil (LNEC), Lisboa, Portugal 
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SUMMARY 
The tile (azulejo) is a traditional art in Portugal, much more than an object, thus encompassing a 
wealth of shapes and dimensions. Several books [1-5] present and discuss the use of azulejos in 
Portuguese modern architecture. However, these tend to ignore the use of other glazed ceramics 
of uncertain classification in the same context. Through the process of identification of modern 
azulejos in Portuguese cities, a new type of glazed ceramic coating has been found which may 
arguably be classified as azulejos [6]. These are mosaics with a module of 20 x 40 mm whose 
units are flat glazed ceramics. The only difference from what we usually understand as azulejos 
result from the facial dimensions (ca. 18 x 38 mm) of those tesselae. They were manufactured 
at Ourém, Portugal, by a company named Tijomel from 1960 to 1980 and are a unique product 
that was widely used at the street level as well as in certain details of modern buildings, such as 
columns or entrance doors.  
Tijomel mosaics were often used with great creativity and quite striking results (figure 1). The 
authors believe that this type of coating is worth considering as part of the modern heritage in 
Portuguese architecture and decoration, and present and discuss for the first time the use of the 
Tijomel mosaics, revealing several examples of use. 
Apart from a slight reference to these mosaics found in the website of Cerâmica modernista em 
Portugal [7], there are no studies regarding these “azulejos” nor known references to them in 
the published bibliography. The importance of bringing to light their integration is related to the 
will to create potential interest for their preservation as cultural heritage worth of care.  
Several Portuguese cities such as Lisbon, Porto, Torres Vedras and others were visited allowing 
the identification of many interesting, previously unknown examples, which denote a clear 
artistic intention in their integration since the colours, patterns and areas lined, create a diverse 
and often striking impression. All cases included are considered from the point of view of a 
street walker, therefore excluding the more utilitarian use in interiors. It was possible to 
identify, so far, 78 examples considered worth mentioning, most of which in Porto and Lisbon, 
35 and 19 cases respectively. Those who studied modern azulejos do not seem to be aware of 
their existence and the knowledge about them is scarce or non-extant. Some cases already 
present degradation, pointing to the need for preservation actions of this heritage, not only for 
their distinctiveness but also for the way they complement the modernity of the constructions. 
Therefore, calling to attention their existence and relevance as a heritage asset, as well as their 
study and conservation are essential.  
In this way, further investigations need to be carried out. The identification of more Tijomel 
mosaics integration in Portuguese cities, in order to gather a higher number of examples as 
possible; understand the relation between the factory and the artists who developed their works 
there and, the study of the factory production is particularly important. Such study will reflect 
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on the knowledge of the characteristics of these azulejos, to later on be able to understand 
which intervention methods are the most appropriate. 

  
Figure 1 – Avenida do Lago Nº 61, Estoril 

Key-words: Azulejos / Tijomel / Modern architecture / Portugal 
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Technical identification of the earliest productions of 
faience tiles in Lisbon 
João Manuel Mimoso1, Maria Augusta Antunes1, Silvia Pereira1, Maria de Lurdes Esteves2, 
Ana Margarida Cardoso3, António Candeias3 and Alexandre Pais2 
1 Laboratório Nacional de Engenharia Civil, jmimoso@lnec.pt 
2 Museu Nacional do Azulejo 
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SUMMARY 
For one year since July 2017, the Museu Nacional do Azulejo (MNAz- Portuguese National 
Azulejo Museum), the Laboratório Nacional de Engenharia Civil (LNEC) and the HERCULES 
Laboratory of the University of Evora made a joint effort in the instrumental study of 16th century 
faience azulejos, aimed at identifying those of Portuguese origin based on their composition and 
the technology used and thus establish on firmer ground the origins of the production of faience 
azulejos in Lisbon.  
Azulejo panels, loose tiles and fragments were collected by removing small fractions of the glaze 
(circa 1-3 mm3) with biscuit attached. Samples were as follows: seven samples of Hispano-
Moresque azulejos from the collections of the MNAz and archeological excavations, believed to 
have been produced in Seville and expected to date from the first to the third quarters of the 16th 
century; five faience samples from Seville (four dated 1570-1596 and one presumed from the 17th 
century); and 20 samples from loose tiles or panels known or now attributed to the workshops of 
Lisbon from the 1560s to the 17th century. 
The samples were stabilized in resin, cut to obtain a flat section and polished for observation and 
analysis by scanning-electron microscopy coupled with energy-dispersive spectrometry (SEM-
EDS). SEM-EDS observations and analyses were made at the HERCULES Laboratory in Évora 
using a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. The specimens were 
uncoated and the observations were made in back-scattering mode (BSE) with air in the chamber 
at a pressure of 40Pa and at an accelerating voltage of 20.0 kV. The acquisition of spectra was 
done in the same conditions with the detector set at ca. 8 mm distance from the surface of the 
specimens. 
All EDS spectra were acquired according to the recommendations given in [1] and saved in XY-
ASCII format (spx file extension). They were processed by opening with the Artax™ spectral 
analysis PC software as used with the Bruker Tracer III and other XRF analysers of the same 
brand, and saved as spectral graphs. 
Given the time for presentation, this communication will focus on only two sorts of information 
gathered: the morphology of the glazes and interfaces, which are related to the firing parameters, 
and the results of the EDS analysis of the glazes. This information will be shown to be sufficient 
to separate the productions in four distinct groups: Seville Hispano Moresque; Lisbon 16th 
century; Seville majolica (last quarter of the 16th century), Lisbon 17th century (possibly including 
late 16th century productions). 
As an example, figure 1 compares the most relevant part of the compositional spectra (cut due to 
space restrictions), the glaze composition in major elements except Sn (which was excluded 
because the quantification varied too much in a single specimen with the chosen area due to local 
concentrations of tin oxide crystals) and sections of azulejos from two of the groups mentioned, 
depicting clear differences in what pertains to the Na-Mg-Al relative contents as well as to the 
glaze inclusions. 
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Na 3.5 % 
Mg 1.0 % 
Al 2.2 % 
Si 27 % 
K 1.5 % 
Fe 1.0 % 
Pb 64% 

Si/Pb 0.42 
 

 

 

Na 2.7 % 
Mg 1.2 % 
Al 6.2 % 
Si 26 % 
K 2.3 % 
Fe 2.2 % 
Pb 60 % 

Si/Pb 0.43 
 

 
Figure 1 – Top: Az065 Hispano-Moresque tile presumably from the workshops of Seville; bottom 
Az013/03 ample from the renaissance panel signed “João de Góis” at Igreja da Graça in Lisbon. 

Left to right: abridged EDS spectrum of the glaze between 0.6 and 7 keV; EDS quantification in weight 
of seven glaze elements corrected to 100% and Si/Pb ratio; image of a section of the glaze. 
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SUMMARY 
 Besides the famous panels of Capela de São Roque in Lisbon, signed and dated by the painter, 
the incomplete and dispersed panels of Igreja da Graça are the only other Renaissance azulejos 
produced and remaining in Lisbon that are known to be fully signed. The panels have now been 
studied through twelve different small samples collected from as many azulejo units. This 
communication reports the results of that study identifying the main micro-morphological 
features and the variations that may be ascribed to different chronologies or to different 
workshops. The tiles making up the figure bearing the signing monogram have been studied in 
detail by scanning-electron microscopy coupled with energy-dispersive spectrometry (SEM-
EDS) to establish a morphological and analytical template aimed at identifying a common 
officinal provenance in azulejos of the same general chronology known or presumed to have been 
produced in Lisbon. 
On the walls of the ante-sacristy of Igreja da Graça in Lisbon subsist parts of one or more azulejo 
panels decorated with grotesque motifs that suggest an early chronology – figure 1. The 
incomplete panels have been reported by other authors [e.g. 1] and ascribed to the 2nd half of the 
16th century based on the decoration. They were also often assumed to be of Portuguese 
production, although that assumption was not objectively proved. The rather surprising technical 
quality of most individual tiles or their variability, e.g. in terms of colour continuity, passed 
unmentioned and actually no author considered the tiles sufficiently important to justify a detailed 
observation. 
In December 2014 we obtained an authorization from the church to make an exploratory 
inspection of the tiles and an acquisition of X-ray fluorescence (XRF) spectra using a Bruker 
Tracer III SD portable unit. We also made a detailed acquisition of images the painted monogram 
of the workshop master (and presumably also one of the painters of the original panels) was found 
[2]. That monogram (figure 2) has now been conclusively identified [3] as that of the elusive João 
de Góis, a Flemish faience and tile manufacturer until now known only from an Inquisition 
process for heresy of 1561/62 [4] and a tally of professionals living in Lisbon, made in 1565 for 
taxation purposes [5]. From the images acquired a first graphical restitution of the panel remains 
was attempted resourcing to digital technology and the dispersed tiles started being assembled 
into what may have been a panel once bearing a shield of arms together with smaller panels and 
pilasters (for some images of the restitution see [2]).  
SEM-EDS observations and analyses were made at the HERCULES Laboratory in Évora using 
a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. The results have shown that 
the tiles were fired in a cycle including a very long firing/cooling period, maybe using a single 
kiln for tin-glazed pottery then extant in Lisbon, resulting in a characteristically over-developed 
interface with extensive growth of lead-rich K-feldspars (figure 3) already found by other authors 
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in reproduction studies [6]. This is a fortunate instance because it offers a readily recognizable 
sine-qua-non characteristic for tiles produced within the same technological parameters.  A study 
of the biscuits, which are the only part of the tiles believed to be wholly produced with local 
materials, identified three different types correlated with macroscopic differences in the painting 
and possibly related with phases of the production of the individual tiles. An explanation for this 
integration of tiles produced in different periods depends on a study of the backside markings of 
the ceramic bodies, which can only be made when the tiles will be removed from the walls for 
remounting in their correct positions. 
 

   
Figure 1 – An aspect of the 
dispersed grotesque azulejo panels 
in Igreja da Graça 

Figure 2 – Monogram 
of João de Góis signing 
the panels 

Figure 3 – The glaze and 
glaze-biscuit interface of 
sample Az013/L2 

 

Key-words:   Renaissance majolica; Azulejo, Igreja da Graça in Lisbon; João de Góis; 
instrumental characterization 
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SUMMARY 
Among the first known references to azulejos from the 16th century integrated in Portuguese 
architecture is the so-called panel of Nossa Senhora da Vida (“Our Lady of Life”), belonging to 
a chapel of the demolished Igreja de Santo André, near the Convento da Graça. These azulejos 
were already labelled in the important work Santuário Mariano (1707), a collection of books by 
Fr. Agostinho de Santa Maria (1642-1728) who aimed to describe all the churches and chapels 
dedicated to the Virgin Mary in Portugal and its overseas territories. Among the hundreds of 
representations labelled in this extensive work there are only a few descriptions of azulejo panels, 
one of which precisely Nossa Senhora da Vida [1], which is a testimony of how impressive it still 
was at time when it was already outmoded.  
The azulejos were considered matchless in Lisbon, and they represent in trompe l’oeil a huge 
stone retable with two niches for the statues of the Evangelists who describe the Birth of Jesus 
(Mathew and John). In the centre there is a representation of the Nativity with shepherds and 
above an image reminding half of a Della Robbia tondo with the Annunciation, having in the 
middle an opening where a window once was.   
Igreja de Santo André had a gothic architecture with a top main chapel and four small side 
chapels. One of the chapels on the south side was dedicated to Our Lady of Life and the panel 
was part of its interior lining. The panel was removed circa 1845 when it was decided to demolish 
the church. Eighteen years afterwards the panel went to the National Library were it was exposed 
in 1872. After an adventurous pilgrimage it was sent in 1969 to the deposit created in the Madre 
de Deus convent and are today one of the prize jewels of the Museu Nacional do Azulejo installed 
there[2].  
This communication reviews the oldest known written sources on the panel and presents the 
results of the first instrumental study done on the azulejos of one of the most important 
testimonies of a technological continuity respecting the first decades of the production of majolica 
tiles in Portugal.  
Five small samples were collected from the panel, stabilized in resin and polished for observation 
and analysis by scanning-electron microscopy coupled with energy-dispersive spectrometry 
(SEM-EDS). SEM-EDS observations and analyses were made at the HERCULES Laboratory in 
Évora using a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. Figure 2 depicts 
a back-scattered image of a section of one of the samples, showing both the glaze and its interface 
with the biscuit.  
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Figure 1 – The center part of the panel 

entitled Nossa Senhora da Vida. 
Figure 2 – Backscattered SEM image of the 
glaze and glaze-biscuit interface of sample 
Az032/01 taken from one of the tiles of the 

Nossa Senhora da Vida panel. 

 

Both the microscopic morphology and the composition of the glaze are consistent with an origin 
within the technological circle of the workshop of João de Góis [3]. However, the red biscuits 
have a slightly different composition. The hypothesis of a production by the workshops of Lisbon 
is difficult to dispute given the morphological and compositional similitudes with the productions 
of João de Góis. We are now studying the local sources of marl which was the raw material for 
the biscuits to gather data on its origin in support of a better-founded opinion. 
 

Key-words:  Renaissance majolica; Azulejo panel Nossa Senhora da Vida; João de Góis; 
Instrumental study of majolica; Museu Nacional do Azulejo 
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SUMMARY 
The so called Painel de Nossa Senhora da Vida (Panel of Our Lady of Life), once situated in a 
chapel in the now demolished Igreja de Santo André (Saint Andrew) near the Igreja da Graça in 
Lisbon, numbers among the earliest known references to azulejos from the 16th century in 
Portuguese architecture. The church had a main chapel and four small side chapels. One of the 
two on the south side was dedicated to Our Lady of Life. The azulejo panel of the chapel of Our 
Lady of Life was removed circa 1845 when it was decided to demolish the church, while a second 
panel located in front was abandoned due to a lack of resources to remove and preserve both.  
During the current year (2018) an archaeological excavation discovered elements of the 
demolished Church of Saint Andrew among which were five fragments of figurative majolica 
azulejos, maybe remains of the lost panel.  
This article describes the newly found fragments and discusses the analytical results of a study 
made on them, comparing them to the Igreja da Graça azulejos by João de Góis. 
Of royal patronage, the gothic Igreja de Santo André was built between 1334 and 1340 by Ayres 
Martins and his wife Maria Esteves after a land donation by the king and queen of Portugal. The 
church had a main chapel and four small side chapels. The two chapels on the south side were 
dedicated to Santo Ambrósio and Nossa Senhora da Vida (Our Lady of Life), while on the north 
side to Nossa Senhora da Conceição and to the Almas (All Souls), this added during the reign of 
king João V (after 1712). The azulejo panel of the chapel of Nossa Senhora da Vida was removed 
circa 1845 when it was decided to demolish the church, and it can now be admired at the Museu 
Nacional do Azulejo. 
The man who acted to save the Nossa Senhora da Vida panel before the demolition, left a note 
stating that there was a second panel in front. He also mentioned a cartouche in the chapel bearing 
the date “1580” but, being able to conserve only one, he abandoned the one that he considered to 
be of a lesser value [1].  
During an archaeological excavation held during 2018 at a building in Travessa do Açougue, 
where it is still possible to see the remains of the main chapel of the former church, other elements 
of the building were discovered including part of a ceramic floor and five fragments of majolica 
azulejos, seemingly from a historiated panel. Three of the fragments are illustrated in figure 1. A 
hypothesis is that these fragments are remainders of the other, now lost, azulejo panel known to 
have existed in the same church. 
The three fragments illustrated in figure 1 were sampled and the samples embedded in resin 
before polishing for observation and analysis by scanning-electron microscopy coupled with 
energy-dispersive spectrometry (SEM-EDS). The SEM-EDS observations and analyses were 
made at the HERCULES Laboratory in Évora using a HITACHI 3700N SEM coupled to a 
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BRUKER XFlash 5010 EDS. Figure 2 depicts a back-scattered image of a section of one of the 
samples, showing both the glaze and its interface with the biscuit.  

   
 

Figure 1 a, b, c (left to right) – Azulejo fragments found 
during an archaeological prospection in the grounds of the 

demolished Igreja de Santo André, from which samples 
Az331/02, Az331/03 and Az331/05 were taken 

Figure 2 – Backscattered 
SEM image of the glaze 

and glaze-biscuit interface 
of sample Az331/02 

The microscopic morphology and the composition of both glazes and biscuits are consistent 
between samples, strongly suggesting that all were indeed once part of the same panel. The 
interface outgrowth of neoformed crystals seen in figure 2 also suggests that the tiles were fired 
in a cycle including a very long cooling period [2]. A comparison with a similar image from a 
section of one of the azulejos from the panels at Igreja da Graça signed by João de Góis [3] shows 
a very similar morphology, both of the inclusions and of the interface. That similitude may well 
derive from the fact that both were produced within the same technological circle, however the 
composition of the biscuits is considerably different and at this moment we cannot even assert 
whether the panel from which these fragments stem was manufactured in Lisbon. 
Key-words:  Renaissance majolica; Portuguese azulejos; Santo André church in Lisbon 
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SUMMARY 
The azulejos in the Capela de São Roque (Saint Roch Chapel) in the church of the same saint, in 
Lisbon, are justly considered one of the major majolica works made anywhere during the last 
quarter of the 16th century [1]. The earliest known surviving ensemble of Portuguese manufacture 
signed and dated, (“Francisco de Matos / 1584”) has long puzzled art historians mostly because 
their magnificence seems to have sprouted literally by spontaneous generation with no 
predecessors and few immediate successors. 
The set may be considered composed of four panels: two lower panels, facing each other, have 
the attributes of the saint painted on them. One of these, on the Gospel side of the chapel, depicts 
the dog with the loaf in its mouth (the “Panel of the Dog”) and bears the date and signature (figure 
1). Although the design is noticeably different, technically the facing panel is a mirror image of 
the first. However, as we look up, the panel is not interrupted and continues up to the ceiling 
depicting a scene of the miracle of the bishop (the “Panel of the Bishop”). There is a clear 
boundary marked by the tints of yellow and of the blue showing that the upper panel was produced 
at a different time and very likely painted by a different hand (figure 2). Side by side with this 
panel, over a door, is the fourth panel depicting two winged children looking back to the chapel 
(the “Panel of the Cherubs”). 

 

At the insistence of José Queirós, a noted artist and historian of Portuguese ceramics, a large 
painting that covered both the bishop and the cherubs panels was removed in 1913 and the upper 
side of the lining was thus discovered [2]. Queirós reports that the panels were damaged because 
of the careless perforations needed to support the painting and a restoration of all the panels was 
entrusted to António Luiz de Jesus, an aged third-generation master painter. Queirós reports that 

  
Figure 1 – The signed panel on the 

Gospel side of Capela de São Roque 
Figure 2 – A partial view of the panels on the 

Epistle side of Capela de São Roque 
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all fragments of the cut and perforated tiles were conserved but yet 47 reproduction tiles had to 
be made plus a number of fragments and that although the blue and violet were satisfactorily 
reproduced, the yellow and green did not match the original [2].  

SEM-EDS observations and analyses were made at 
the HERCULES Laboratory in Évora using a 
HITACHI 3700N SEM coupled to a BRUKER 
XFlash 5010 EDS. The microscopic SEM analysis 
has shown that the composition and the morphology 
of the glazes and the glaze-biscuit interfaces (figure 
3) are remarkably similar to the tiles of João de Góis 
in Igreja da Graça (see [3]) showing that 
technologically the linings of Capela de São Roque 
are not an isolated oddity.  
Unexpectedly, samples from the several panels do 
not depict clear morphological differences 
suggesting that the panels of the bishop and of the 
cherubs were not manufactured much later than the 
lower panels. The reproduction tiles are clearly 
identifiable by their glaze-biscuit interface with only 

minor crystalline growth. However, their composition is uncannily similar to that of the original 
tiles, testifying to the knowledge of the restorer who did not use any “modern” materials then 
available. 
This communication reviews José Queirós’ references to the panels made over a century ago, 
when a part of the lining was uncovered, and his information is compared with the objective 
proofs gained from instrumental results. The results also point to a definite technological ancestry. 

Key-words:   Renaissance majolica; Portuguese azulejos; Francisco de Matos; João de 
Góis; São Roque church in Lisbon 
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Figure 3 – The glaze and glaze-biscuit 
interface of a yellow tile of the Panel 

of the dog (sample Az068/02) 
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SUMMARY 
Recently, Father Rui Rosmaninho of the Sé de Setúbal (Cathedral of Setubal) contacted the 
Museu Nacional do Azulejo because of some azulejos extant there. Eventually he also mentioned 
a curious application of odd azulejos lining a hidden wall. Secluded by the altar, was a series of 
16th century renaissance azulejos with images in white with blue contours over a yellow 
background (figure 1). The azulejos were probably once part of a chapel lining that was removed 
and some were re-applied here at an unknown time. Their origin and purpose remain mysterious. 
The tiles were applied without any concern for continuity and it was necessary to photograph 
them individually to then digitally reassemble this jigsaw and reveal the hidden images. Now it 
is possible to identify flowers and fruits, probably related to two cornucopias, but the most 
surprising elements are two feminine winged figures. Both have crowns, although of different 
sorts, one is a young lady with butterfly wings (figure 2) and the other is an elderly woman with 
bird wings. In spite of our efforts it is very difficult to combine the azulejos because of the 
extensive floral elements, and only after their removal and through the biscuit markings will it be 
possible to perceive the number and dimensions of the panels and gain a better insight of the 
motifs. 

  

Figure 1 – The renaissance puzzle as it was 
found in the Cathedral of Setubal 

Figure 2 – Partial reconstruction of the 
butterfly-winged Young Lady 

The painting of motives in white with blue contours against a yellow background can also be 
seen in the Capela de São Roque (St. Roch Chapel) in Lisbon [1] but there are important 
differences between the two sets. The Setúbal series is amateurish, compared to its Lisbon 
counterpart: the hand of the painter was not particularly sure; the blue colours ran over firing, 
resulting in drips that tarnish the composition, and the yellow pigment covered the white glaze 
unevenly. However, these aspects do not diminish the importance of the find. On the contrary, 
they seem to point to an early effort that may place these panels among the earliest examples of 
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the production of majolica azulejos in Portugal. An alternative but also compelling possibility is 
that they were produced by a new workshop aiming to compete in the field with established 
producers, but whose technology was not yet sufficiently evolved. 
Five azulejos were sampled and test items produced for observation and analysis by scanning-
electron microscopy coupled with energy-dispersive spectrometry (SEM-EDS). SEM-EDS 
observations and analyses were made at the HERCULES Laboratory in Évora using a HITACHI 
3700N SEM coupled to a BRUKER XFlash 5010 EDS.  
The observations and analyses have shown that there are two different types of azulejos in the 
Setubal panels. Although the compositions of the glazes are similar, the biscuits are very different 
in their calcium content. The morphology of the glazes and of the interfaces are also quite 
different although both suggest a firing cycle involving a long cooling period [2]. It is not known 
at this time whether each type corresponds to a different panel, or whether one of the types 
corresponds to a loose number of azulejos produced at a later time to replace missing or decayed 
original tiles. This can however be ascertained when all the tiles are removed and individually 
classified in each of the two types. 
Considering all characteristics together, however, and comparing them with the panels at Igreja 
da Graça [3] there can be little doubt that the tiles are of Portuguese production and can be 
ascribed to the technological circle of the workshop of João de Góis.  
This communication will present a partial restitution of the figures, report some results of the first 
study made of the azulejos with instrumental support and discusses their technological placement 
towards other examples of known origin. 

Key-words:  Renaissance majolica; Portuguese azulejos; Francisco de Matos; Sé de 
Setúbal; Igreja de Santa Maria de Setúbal. 
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SUMMARY 
Egyptian faience is a glazed material composed mainly of silica, with the addition of small 
amounts of natron or plant ash, lime and metal oxides. It was first developed in Egypt in 
Predynastic times. The manufacture of Egyptian faience ‘shabti’ funerary figurines, who served 
to answer to the tasks the deceased would be asked to carry out in the afterlife, took place from 
the Middle Kingdom (2040 – 1782 BC) until the Ptolemaic period.  

VULNERABILITY OF EGYPTIAN FAIENCE 
In 2017, research was carried out on a group of eleven Egyptian faience shabti from the Dutch 
National Museum of Antiquities (RMO) in Leiden, the Netherlands, which displayed unexpected 
degradation phenomena. Two shabti had cracked open a year after display, exposing extremely 
fragile core material (fig.1). Nine others showed crumbling, cracks, chipped glaze, and even 
disintegration. Although Egyptian faience is often claimed to be fragile, it was unclear why these 
specific shabti were damaged. Therefore, questions were raised about the vulnerability and 
conservation of Egyptian faience. As information on storage and past conservation treatments 
was lacking and there was no indication of the presence of soluble salts, research focused on 
degradation related to different production techniques.  

PRODUCTION TECHNIQUES  
The different components for the production of Egyptian faience were mixed with water to form 
a paste and then pressed into open paste molds. After drying, they were fired at ca. 800 - 1000°C. 
The use of three different glazing methods in particular, has profoundly affected the 
microstructure and composition of Egyptian faience. “Efflorescence glazing” involved an interior 
process, where the alkali salts migrated to the surface upon drying and formed an efflorescent 
outer layer (3). This layer melted during firing and fused with the silica, lime and metal oxides to 
form a glaze. “Cementation glazing” is an exterior process and involved burying the object in a 
vessel with a glazing powder rich in flux content (sodium oxides and copper compounds). After 
firing, the object was left to cool down and alkaline and copper compounds migrated into the 
body, reacting with it and forming a glaze (1). “Application glazing”, finally, is also an exterior 
technique and concerned direct application of the glaze (4). As recognition of the glazing method 
with the naked eye is complicated, analytical tools have been used to identify which techniques 
were applied for the production of the shabti that show degradation phenomena. 

IDENTIFICATION OF GLAZING METHODS 
Observations made with optical microscopy suggest that shabti with particularly fragile core 
material were produced with exterior methods. Samples from four of these objects were also 
studied with Scanning Electron Microscopy/Energy Dispersive X-ray Spectroscopy (SEM-
EDX), in cooperation with the Dutch Cultural Heritage Agency (RCE). Despite the challenges in 
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identification of production methods, the results seem to confirm these observations. A gradual 
decrease of copper oxide from the glaze towards the core, a lack of interparticle glass in the body 
and the thickness of the glaze layer are criteria established by scholars such as Tite (5), Liang (2) 
and Matin (3). These helped to identify the use of exterior glazing methods (fig. 2). 
 
 
 
 
 
 
 
 

Fig. 1 – This broken shabti contains very friable core material. (Image: De Regt, 2017). 
Fig. 2 – SEM image belonging to a sample from a damaged shabti. The EDX data show a gradual decrease 

of sodium and copper oxides from glaze to core. (Image: Megens, 2018). 

RESULTS 
A high silica percentage and the absence of interparticle glass in the body of the exterior glazed 
shabti has resulted in fragile objects with lack of cohesion. The relatively thick glaze layer keeps 
the friable body together, but is interrupted by production related cracks on the surface. As a 
result, the vulnerable and porous core material is exposed and the objects are more susceptible to 
degradation. 
This research has shown that Egyptian faience shabti should be handled and treated with great 
care. Acquiring better insight into production related vulnerabilities may eventually benefit 
handling, storage and conservation treatment of this material.  

Key-words: Egyptian faience, glazing techniques, degradation, SEM-EDX analysis  
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Influence of the production technology on the 
morphological characteristics of azulejos  
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José Delgado Rodrigues1, Lurdes Esteves3, José Mirão2, António Candeias2 and João M. 
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SUMMARY 
A better understanding of the glaze-ceramics interactions and the resulting interface is essential 
to understand the azulejo as a composite material and consequently its degradation mechanisms 
and possible conservation solutions.  The results of the metamorphosis by firing help us also to 
interpret what is seen on actual historic azulejos and to try to unravel their production 
technology.  
In this part of the study some aspects of the production technology connected with the 
preparation of glaze and biscuit and with the firing cycle have been researched to better 
understand their effects on the morphological characteristics of the glaze and glaze-ceramic 
interface [1]. A set of azulejo reproductions has been prepared by using raw and fired ceramic 
bodies glazed with frit or raw glazes obtained with different quartz grain sizes, firing 
temperatures and duration of the firing cycle. The resulting cross-sections of the ceramic 
reproductions were analysed with SEM-EDS. 
An increase in the Pb enriched K-Feldspars formed at the glaze-ceramic body interface is 
observed for higher maximum temperatures, raw glazes, single firings and slower cooling 
velocities (Table 1). 
 

Table 1 – Interface of tiles glazed with raw of frit glaze powders fired at 950ºC. 
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* Raw paste (C0), paste fired at 500ºC (C1) and paste fired at 1000ºC (C2) 
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The results led to a better interpretation of the technological fingerprint observed on historic 
glazed tiles and get better insights into the azulejo production technologies and nature of the 
glaze-ceramic interface. 

Key-words:   Majolica reproductions, azulejo, interface, production technology 

ACKNOWLEDGEMENTS 
S. Pereira acknowledges FCT, the Portuguese Foundation for Science and Technology, for her 
Post-Doc Grant (SFRH/BPD/116807/2016). Communication produced as an outcome of Project 
FCT-AzuRe - Estudos no Azulejo Português para Candidatura a Património da Humanidade 
(PTDC/EPH-PAT/5096/2014) also funded by FCT. 

BIBLIOGRAPHIC REFERENCE 
[1] Molera J, Pradell T, Salvadó N, Vendrell-Saz M, 2001, Interactions between clay bodies and 
lead glazes, J. Am. Ceram. Soc., 84, 5, 1120-28 
 

 

26

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



Glaze composition of 17th - 18th century Dutch Delftware 
Annelies van Hoesel1, Neha Verma1, Jolanda van Iperen1 and Femke Diercks1 
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SUMMARY 
The Rijksmuseum is working on a new catalogue of its collection of Dutch Delftware, in which 
art historical information is combined with the outcome of analytical material research. The 
goal of the technical part of the project is to enhance the understanding of the glaze technology 
and provide scientific support for the attribution of objects to specific periods and places of 
production using non-destructive methods. This research focusses on the composition of the 
white tin-glaze and blue inglaze decoration of approximately 450 marked objects dating from 
the 17th and 18th centuries and attributed to several factories in the town of Delft. The elemental 
composition of the white glaze and the blue decoration is determined with X-ray fluorescence 
spectroscopy (XRF). Spectra are processed using the PyMCA software. Previous LA-ICPMS 
analyses of selected samples will be used to validate the elemental concentrations. 

WHITE GLAZE & KWAART 
The results of the first 75 Delftware objects show that the composition of the white tin-glaze 
varies over time, reflecting changes in the raw ingredients as well as in the production process. 
The first clear changes occurred at the end of the 17th century. At this time an unexpected drop 
in zinc relative to lead, for which the reason is currently under investigation. Most likely it is 
related to synchronic decrease in copper as zinc is a known impurity in copper, which is used in 
the glaze1. Around the same time the low energy Sn-L lines peaks disappeared from the 
spectra. This is caused by the absorption of the low energy X-rays by the lead from the so-
called kwaart1, which is a thin lead overglaze applied to enhance the gloss and deepens the 
colours (Figure 1). In the 2nd half of the 18th century the Sn-L peaks appeared again, while the 
zinc stayed low. These results suggest that in general, objects without a kwaart but with a higher 
amount of zinc, were produced in the 17th century, whereas objects without a kwaart but with a 
lower amount of zinc date to the 2nd half of the 18th century.   
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DECORATION
Trends in the composition of the blue cobalt pigment used for the decoration are more difficult 
to observe because of the variable thickness of the decorative layer. Nevertheless, a small 
increase in nickel and bismuth compared to cobalt is observed near the start of the 18th century. 
This change might reflect a shift to a less refined cobalt pigment, containing more impurities. 

TREK
More than two-thirds of the measured objects contain a so-called 'trek', the outline of the 
decorative elements. The colour ranges from a shade of blue similar to that of the decoration, to
darker hues of blue and black. The blue trek usually contains cobalt with small amounts of iron 
rust1 and manganese oxide, although manganese was not found in the blue trek of the objects 
from the Porceleyne Byl or the Witte Starre. The black trek usually contains iron and
manganese mixed with some cobalt. However, in a certain subset of polychrome objects from 
the Grieksche A factory, the black outline was created using copper oxide instead.

CONCLUSIONS
Based on the preliminary results of the XRF analyses it is concluded that objects can be 
attributed to a production period based on the composition of the white glaze. In addition the 
composition of the trek can be used to narrow down the possible factories. These findings are 
vital in the process of re-evaluating and confirming traditional art historical viewpoints and 
attributions using technical research. 

Key-words: Delftware, XRF, tin-glaze, cobalt, kwaart
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Figure 1 – Sn-L/Sn-K ratio of the white glaze at the front and back in relation to the age of the object.
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Understanding 17-18th century Dutch Tin-glaze Through 
the Interpretation and Reconstruction of Historical 
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SUMMARY 
Historical glaze recipes can provide important information on the source materials used for glaze 
production and insight into the working practices of potters as well variations in glaze 
characteristics that may help us understand susceptibility to glaze deterioration.  
This research focusses on an 18th century hand-written recipe book (Figure 1) which describes 
over 75 (primarily) Dutch tin-glaze recipes dated between 1659 and 1755 used for both tile and 
object production. The recipes give details of the sources and quantities of the raw materials 
needed to produce tin glaze, then made from two components:  Masticot (a glass produced from 
sand and fluxes) and tinas (tin- and lead oxides used for colour and gloss). The variations in the 
recipes provide important information: how glaze recipes have changed over time, the fact that 
different glazes were used for tiles and objects, and the deliberate production of different qualities 
of glaze. 
 
 
 
 
 
  
 

 
 

Figure 1 – Page 25 of Petrus Sijbeda’s recipe book with Harlingen tin-glaze 
and clay- mix recipes dated 1672 and 1674 

The glaze recipes described in the book have been compared with other historical tin-glaze 
recipes (Biringuccio, Piccolpasso,regarding the source, composition and use of fluxes used in 
the recipes, in particular the composition of the sodium carbonate or soda (from Alicante or 
Scotland) well as the common salt added final frit which is described in written sources as being 
essential to obtain a whiter glaze colour. 
Three glaze recipes have been reconstructed: a high-quality and a low-quality glaze from the 
Sijbeda book (Figure 2). The glaze recipes were created using pure chemical components, taking 
into account SEM-EDS analytical results. The glaze reconstruction protocol followed the 
historical process as closely as possible within the feasible health and practical limitations, 
the components of the Masticot recipes and final glaze being mixed and fired on a sand-bed on 
the bottom of the kiln. The influence of common salt (sodium chloride) was assessed by creating 
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two recipes using sodium carbonate and sodium chloride. The firing protocol (temperature, firing 
time and soaking period) was formulated from what is known about both the kilns and firing 
procedures of the period. The glazes were applied to ceramic test tiles that had already been 
produced from historical clay recipes. 
The results of the recipe interpretation, glaze reconstruction and preliminary glaze tests have 
provided new insight into the composition and effect of raw materials used in Dutch tin-glaze 
production, in particular the fluxes (soda and potash) and common salt which appears to have a 
bleaching effect. Furthermore, this research has led to a better understanding of the production 
and firing process and shown that different recipes were used for objects and tiles.  
 

 
 
 
 
 
 
 
 
 
 

 
 
Key-words:  Tin-glaze, Dutch Tiles, Historical glaze recipes 

Figure 2 – Reconstruction of a historical glaze described by Sijbeda 
glaze on test tiles where the clay had 20/30/40 w% CaCO3. The 

temperatures given are the temperature used for the initial ‘biscuit’ 
firing of the ceramic test tile. 
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Improving data exploration methods from macro imaging 
techniques: in situ scanning macro-XRF investigation on 
a majolica tile tableau 
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SUMMARY 
The application of analytical techniques to the study of majolica artefacts and artworks has led to 
a considerable progress in the knowledge of its production technology. Furthermore, these 
techniques allow researchers to distinguish between objects that may have a similar appearance, 
but that were made using different raw materials. However, to obtain reliable stratigraphic 
information of majolica objects, invasive techniques are often employed, as in the work of Pérez-
Arantegui [1]. Instead, in the area of cultural heritage studies there is a special need for in-situ 
non-destructive and mobile techniques, since often ceramic artefacts and artworks cannot be 
moved. The development and the use of these mobile devices is therefore fundamental in ceramic 
conservation science. For the aforementioned reasons, in this project a state-of-the-art method for 
non-invasive visualization of (sub)surface layers present in works of art was employed for the 
first time. The aim was to study ceramic artefacts and artworks, and more specifically: six ceramic 
tiles of different origins, and an Antwerp majolica tile tableau manufactured in the mid of the 
16th century, as suggested by Caignie [2]. Macroscopic X-ray fluorescence scanning (MA-XRF), 
a technique developed by Alfeld [3] over the last decade for the investigation of historical 
paintings, was used to (a) determine the characteristic elements of the renaissance majolica 
production process and the pigments that were used for the colourful motifs present on these 
majolica tiles (b) gain new insights on the late 19th century Villeroy & Boch ceramic tiles 
manufacturing process. 
MA-XRF data were processed by means of the software package PyMCA developed by Solé [4], 
and the in-house written software Datamuncher developed by Alfeld [5] to obtain, as output, the 
elemental distribution maps of the chemical elements present over the (sub)surface. Furthermore, 
a careful interpretation of the ensuing elemental distribution images allowed to visualize the 
earlier retouchings present in the tiles. By using the software package Datamuncher, it was 
possible to obtain meaningful scatter plots of elements that were thought to be present together 
in the mixtures in order to obtain the desired hues. The last operation was extremely important to 
get, also thanks to the usage of the software package PyMCA, new insights on the manufacture 
and the possible pigments used in the tiles probably made by the Villeroy & Boch ceramic factory. 
The processing and the interpretation of the data coming from the MA-XRF scans that were 
performed on the majolica tile tableau, aimed to identify the most relevant differences between 
the pigments used in the tableau and the pigments used in the four majolica tiles present on the 
six tiles previously scanned; as well as to compare their chemical makeup in order to identify 
pigments that are not present in the four majolica tiles present on the six tiles, and to make an 
overall distinction between the original and the restored areas in the tableau, confirming the 
presence of materials and pigments that are not present in the authentic areas. The MA-XRF 
scanner and its setup parameters for the measurements that were performed on the majolica tile 
tableau, were the same to the ones used to scan the six tiles. MA-XRF scans were performed by 
sweeping the measuring head systematically over the tiles surface in serpentine mode. 
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MA-XRF scanning, with the advantage of its mobility and non-destructiveness, proved to be 
highly useful in the study of these ceramic artefacts and artworks. The elemental distribution 
images obtained by MA-XRF provided additional information, allowing to answer open 
questions and helping in the discrimination between authentic and inauthentic tiles. This allows 
to support conservation treatments. In addition, this work emphasises the possibility to 
distinguishing the main features of the Villeroy & Boch ceramic production, poorly mentioned 
due to scarcely-existing information. 
For all these reasons we foresee the application of MA-XRF in future projects regarding high-
profile ceramic objects, especially when a non-contact and non-invasive diagnostic technique is 
needed. 

Key-words: Ceramics, MA-XRF, Non-destructive analysis, Tiles 
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Mortars for the reattachment of old tiles: characteristics 
needed for preservation of azulejos claddings 
Maria do Rosário Veiga1 
1 Laboratório Nacional de Engenharia Civil (LNEC), Lisbon, Portugal, rveiga@lnec.pt 
 
SUMMARY   
Azulejos (glazed ceramic tiles) have been used for wall claddings in Portugal at least from the 
16th century until present. Until the 19th century they were used mainly in important constructions 
and as decorative elements in interior wall surfaces. In the 19th century, industrialization allowed 
their use also in simple housing buildings, and as an external façade cladding, with both protective 
and aesthetic functions [1]. The historic azulejos have higher water absorption and generally 
higher capillary coefficient than the contemporary ones [1,2]. The use of modern adhesives 
specifically developed for the bonding of contemporary tiles cladding façades is not suitable for 
the reattachment of the old ones, due to incompatibility both with the old substrates and the 
ancient azulejos. 

OLD SETTING MORTARS FOR AZULEJOS CLADDINGS   
Research on old azulejos setting mortars in Portugal, in the large period between the 16th century 
and the middle of the 20th century, both in internal and external walls applications, is still quite 
restrict, but the data collected until now evidence the following characteristics [3]: the binder is 
air lime generally calcitic but in some cases (e.g. Coimbra case studies) dolomitic lime; the 
aggregates are siliceous, sometimes with a proportion of clay; Ratios lime : aggregate are mainly 
between 1:2 and 1:6 (in weight); compressive strength mainly between 0.5 and 3.5 MPa; 
capillarity coefficient between 1 and 3 kg/m2.min1/2.  

REQUIREMENTS AND POSSIBLE SOLUTIONS 
The requirements to take into account for reattachment mortars for old azulejos are related with: 
compatibility, reversibility, functionality and durability. The different types of requirements are 
often contradictory, so an adequate balance must be reached. The most important requirements 
are [4,5]: good workability and ability to penetrate in the ceramic body of the azulejo and high 
water retention; enough mechanical strength for adhesion under the tiles’ weight (preventing 
falling of azulejos) but lower than the substrate’s for reversibility and for preventing damage of 
the masonry; avoid high modulus of elasticity; adhesion strength is a key property for durability 
and functionality of the system, however, it should not be too high, to prevent damaging the 
substrate and also to allow reversibility; ability to dry fast and high water vapour permeability, to 
prevent concentration of moisture and affecting adhesion; all the components must be free of 
soluble salts, in order to avoid contamination of the system with additional salts . 
Modern adhesives and cement mortars should not be used, being too high-strength, and low-
porosity materials. The same goes, to a certain extent, for hydraulic lime mortars with the 
exception of natural hydraulic lime (NHL) lime mortars which have limited salt contents. 
Based on the knowledge of old setting mortars and on experimental studies the following 
compositions proved to be the most adequate [6]: Binders: Air lime; natural hydraulic lime 
(NHL); air lime and pozzolans; Aggregates: Well graded siliceous sand with a certain amount of 
fine grains and or small amounts of non-expansive clay; raw materials free of significant amounts 
of soluble salts. Some compositions having shown good results in tests are (proportions in 
volume): Air lime: siliceous aggregate 1:2; Air lime + pozzollan (e.g. metakaolin) : siliceous 
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aggregate 1:2; NHL 3.5 : siliceous aggregate 1:3 (use only with medium strength masonry and 
tiles). 

CONCLUSIONS 
Old azulejos claddings, both internal panels and claddings of 19th century façades, although they 
have proved good durability, are now often in urgent need of repair, to avoid fall and loss of 
historical azulejos. The reattachment of old azulejos should be made with adequate mortars, 
respecting requirements of compatibility and reversibility, as well as functionality and durability. 
Modern adhesive mortars, or any mortars with too high strength, high stiffness, low water vapour 
permeability or significant contents of soluble salts are to be avoided. Instead, lime-based 
mortars, with moderate mechanical and hygric characteristics and free of salts, must be used. Air 
lime, air lime and pozzolan, or natural hydraulic lime (NHL 3.5) may be used as binders and well 
graded siliceous sand, with small amounts of clay or filler should be used as aggregates, providing 
adhesion strength to the tiles and to the masonry in the range 0.05-0.15 MPa.    
 
Key-words:Azulejos cladding; reattachment of azulejos; setting mortar; adhesion; compatibility 

requirements. 
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Studies on Azulejo glaze welding by means of laser 
irradiation 
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SUMMARY 
Azulejos (Portuguese historic glazed tiles) suffer from pathologies such as glaze fissures and 
lacunae especially as a result of exposure to weathering conditions and wall moisture. Many tile 
panels are badly in need of conservation but there is currently a lack of efficient and adequate 
solutions. Lasers offer a number of unique advantages and thus they have been established as 
invaluable tools for the study and conservation of CH objects and Monuments. In the 
conservation/restoration field, up to now the attention of the scientific community has been 
focused mainly on the laser cleaning processes. In this communication the initial studies of a 
novel application of laser radiation based on the controlled thermal fusion of the glaze [1] are 
presented and its potential for the restoration of azulejo discussed. The influence of a CO2 laser 
processing parameters (working distance, beam velocity, number of laser scans) have been tested 
in order to see their effect upon the welding of ceramic glazed surfaces. Tile replica of different 
glaze compositions and pigmented – non pigmented glazes, have been irradiated. Optical, 
Reflection and SEM microscopy have been used to study the morphological alterations and 
impact upon the laser irradiated glaze.  
 

CONCLUSIONS 
The laser was able to melt the irradiated areas. In some cases, an increased gloss, crazing (Figure 
1) and yellowing was observed in the irradiated areas with accumulated energy density. In 
general, the melted lines width irradiated with higher accumulated energy (slower speeds and 
closer to the focus) are wider. However, the composition and presence of pigments of the glaze 
(due to differences in the melting point) are shown to also greatly affect the melted pool. The 
number of beam scans seems to be determinant up to a certain point (15-50 scans) after which no 
substantial gain is observed. The pre and post-heating temperature tested (300ºC) proved to not 
be sufficient to decrease crazing. Novel methods would need to be tested to decrease and ideally 
eliminate the resulting crazing. The results obtained show that great care should be put in the 
selection of the laser parameters; the distance to the glaze surface (working distance) plays a great 
role, but also velocity and number of beam passages. These optimization of parameters varies 
however when applying the irradiation on variations of types of glaze and even in different 
pigmented areas of the same glazed tile. An initial optimization would need to be made and the 
laser parameters adapted to the specific glaze on and pigments of the substrate. Notwithstanding 
the necessary optimizations, CO2 laser welding is a promising technique to treat ceramic tile and 
is something that needs and deserves to be better researched.  Initial results are encouraging and 
further work towards the on-site and real-case implementation of this methodology is in progress. 
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Figure 1 – SEM analysis of R1 samples irradiated with different working distances and number of scans. 

Depending on the local the cross section is made the fissure between the melted and non-melted glaze can 
be seen or not. 

 

Key-words: Laser, Azulejo, Restoration, glazed ceramics 
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SUMMARY 
For glazed ceramic tiles, glaze delamination is a decay problem greatly demanding for effective 
risk-based preventive conservation. The present study faces the problem of the early detection of 
adhesion failure between the glaze and the clay substrate, exploring the potential of a vibro-
acoustic imaging (VAI) technique in helping to prevent the glaze falls off and lacunas. The 
imaging technique is based on the Laser Doppler Vibrometry (LDV) joint to a contactless 
acoustic excitation of the tiles in the frequency interval (1 - 20) kHz. The results on historical 
Portuguese azulejos and laboratory models demonstrate that hidden cavities, a few hundreds of 
microns deep, are correctly identified and characterized. 
 
Although azulejos are a durable architectural finishing, many forms of deterioration progress 
leading to the final loss of the painted glazed layer and impair the comprehension of the related 
pictorial program. Glaze delamination and spalling is a severe problem for the conservation of 
antique azulejos and the preservation of their value. 
The vibro-acoustic imaging based on Laser Doppler Vibrometry is proposed for the early 
detection of glaze delamination, showing the images of hidden cavities a few hundreds of microns 
deep, and the indication about the probable stage of deterioration (incipient or advanced). For this 
investigation a heterogeneous set of sample were analysed encompassing two historical 
Portuguese azulejo (A1, A7) and five laboratory models (T1, T3, T11, T12, T13). The azulejo 
sample A1 presents no apparent glaze delamination, while A7 is affected by an evident glaze 
delamination and a lacuna. The laboratory models were realized assembling thin technical glasses 
on clay substrates using epoxy glue; they include one reference sample with no cavity (T3) and 
four models with artificial cavities having different shape and depth. Table 1 reports the 
characteristics of these four models. 
 

Table 1: List of laboratory models with artificial cavities and details about their size. 
T1- square (mm3) T11- square (mm3) T12- square (mm3) T13- triangular (mm3) 

42 × 42 × 1.0 34 × 37 × 0.8 37 × 37 × 0.4 35 × 28 × 0.6 
 

The laboratory validation of the diagnostic method addresses three principal objectives: i) reveal 
hidden cavities with different depth and shape; ii) correlate the cavity depth to characteristic 
features of the target acoustic response; iii) provide indications about the decay evolution in real 
tiles. A number of vibro-acoustic images, displaying the velocity of vibration in the most 
significant frequency bands, are discussed in the paper in relation to these objectives. 
Figure 1 shows the most representative vibro-acoustic image of each sample. For the laboratory 
models with hidden cavities we notice a considerably different behaviour with respect to the 
reference model T3, and also the discrimination of the hidden cavity from points with perfect 
adherence on the same sample. The availability of models with cavities a few hundreds of microns 
deep allows to demonstrate that the vibro-acoustic imaging in the audio frequency interval 
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successfully reveals the position of thick and thin delaminations, and approximately identifies 
their shape and extension. As expected, the vibration frequency grows as the cavity depth 
decreases. 
Regarding the two azulejos, we notice the light vibration of A1 in a relatively high frequency 
band, 10 kHz, that denotes the potential presence of an incipient delamination process though any 
other relevant feature is present. Conversely the sample A7 presents a number of evident critical 
areas, indicating that the decay process is mainly advancing in the third quadrant, at the bottom-
left sector of the tile, and in the first quadrant near the upper-right border. 
 

 
 
Figure 1 – Selection of the most significant vibro-acoustic images of the analysed sample. The 

main velocity peaks vmax and the respective frequency are indicated in the table. 
 

Key-words: Preventive conservation; Glaze delamination; Vibro-acoustic imaging. 

 

   

  

T3 Ref 
vmax = 0.04 mm/s 

@ 8.9 kHz 

T1 
vmax = 0.34 mm/s 

@ 3.0 kHz 

T11 
vmax = 0.67 mm/s 

@ 3.7 kHz 

T12 
vmax = 0.54 mm/s 

@ 4.1 kHz 

  

T13 
vmax = 0.35 mm/s 

@ 11.4 kHz 

A1 Ref 
vmax = 0.12 mm/s 

@ 10.4 kHz 

A7 

vmax = 0.20 mm/s 
@ 5.1 kHz; 

vmax = 0.34 mm/s 
@ 8.5 kHz 

T3 T1 T11 

T13 T12 

A1 A7 
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SUMMARY 
This contribution will centre on the research conducted to assess the use of computer-match 
pigment selection (CMPS) in order to overcome metamerism. During the reinstatement of 
missing glazes, metamerism is a common troublesome feature faced by ceramic conservators. 
The colour of restored glaze areas (predominantly those with blue hues), in-painted using pigment 
mixtures in a polymer medium, often matches the original glaze under the lighting of the 
conservation studio but appears very different in other lighting conditions. Previous research [1] 
has demonstrated the potential of CMPS to provide non-metameric pigment combinations which 
match the original glazes for all light sources but the implementation of this in practice has 
necessitated further experimentation in conjunction with conservators. 
This paper gives prime attention to evaluation of CMPS matching recipes carried out by 
experienced ceramics conservators. The ceramics used include Portuguese tiles and Dutch tin-
glazed earthenware. Colour matching has also been assessed using a range of glossy blue printed 
samples from a commercial paint company.  The results reported will cover: 
- the ease of achieving a good colour match from the CMPS recipe pigment percentages, 
- comparisons of the CMPS colour matches with corresponding results using conservators’ own 
pigment choices, 
- the potentiality for selection of a small palette of the most suitable pigments for non-metameric 
matches of blue ceramic glazes 
- the helpful variations in appearance achievable by the choice of white pigment selected, namely 
lead, zinc or titanium white.  

Key-words: Metamerism, colour-matching, in-painting, blue glazes 
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SUMMARY 
The impact of microbial activity on the deterioration of cultural heritage is a well-recognized 
global problem. Glazed wall tiles constitute an important part of the worldwide cultural heritage. 
When exposed outdoors, biological colonization and consequently biodeterioration may occur. 
Few studies have dealt with this issue, as shown in the literature review on biodiversity, 
biodeterioration and bioreceptivity of architectural ceramic materials [1]. 
Due to the lack of knowledge on the biodeteriogens affecting these assets, the characterization of 
microbial communities growing on Portuguese majolica glazed tiles from Pena National Palace 
(Sintra, Portugal) and Casa da Pesca (Oeiras, Portugal) (Fig. 1) was carried out by culture and 
molecular biology techniques. The characterization of these microbial communities revealed a 
complex biofilm composed of microalgae, cyanobacteria, bacteria and fungi [2,3].  
 

 

Figure 1 –  Glazed tiles with biological colonization. Tile from Pena Nacional Palace with dark green 
microbial biofilme (A) and tile from Casa da Pesca in Oeiras with dark dense microbial biofilm (B) (black 

line 1 cm). 
 
Laboratory-based colonization experiments were performed to assess the biodeterioration 
patterns and bioreceptivity of glazed wall tiles produced in laboratory. Microorganisms 
previously identified on glazed tile cultural assets were inoculated on pristine and artificially aged 
tile models and incubated under laboratory conditions for 12 months. Phototrophic 
microorganisms were able to grow into glaze fissures and the tested fungus was able to form 
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oxalates over the glaze. The results in terms of bioreceptivity to phototrophic microorganisms 
showed that artificially aged tiles were more bioreceptive than pristine tile models [4]. 
A preliminary approach on the mitigation strategies based on in situ application of commercial 
biocides and titanium dioxide (TiO2) nanoparticles on glazed tiles demonstrated that commercial 
biocides did not provide long term effectiveness [3]. In contrast, the TiO2 treatment caused biofilm 
detachment from the tile surface. In addition, the use of TiO2 thin films on glazed wall tiles as a 
protective coating to prevent biological colonization was analysed under laboratorial conditions 

[3]. Finally, conservation notes on tiles exposed to biological colonization are presented. 

Key-words:Glazed tiles, ceramic, microorganisms, biodeterioration and bioreceptivity 
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SUMMARY 
The Santana Convent, Lisbon, which founded in ca 1562 and active until the end of the 19th 
century, underwent two major excavation campaigns in 2002 and 2009/2010, which revealed 
several structures and a vast amount of archaeological materials. Amongst those, a collection of 
almost ten thousand tile sherds stand out. This assemblage comprises the entire chronology of the 
convent occupation, with examples from every different evolution stage in Portuguese tile 
production during the convent’s long history. 

THE CONVENT 
This paper stems from the study of the numerous archaeological materials unearthed in the 
excavations of the Santana Convent in Lisbon. Given the sheer size of the collection, the task of 
studying this assemblage is laborious and time consuming and, therefore, still unfinished, despite 
the efforts of a multidisciplinary team. Thus, the data presented here is preliminary, and the 
overall numbers or some details may be further rectified. 
The convent was inhabited by Poor Clares from 1562 up to the late 19th century, in the wake of 
the dissolution of the monasteries in Portugal. After that, the convent went through deep 
renovation and refurbishing works, with its original buildings almost completely demolished, in 
order to be turned into the Real Instituto Bacteriológico de Lisboa and later on Institudo 
Bacteriológico Câmara Pestana (IBCP).  
There were least three large construction and reformulation campaigns during the occupation of 
the convent, in 1674-1681, 1707 and 1729. Another campaign took place after the earthquake of 
1755.  
The excavation in the Santana Convent took place in two different campaigns in the context of 
the transformation of the former IBCP buildings into new facilities for the Faculdade de Ciências 
Médicas da Universidade Nova de Lisboa (Nova Medical School). The first occurred in 2002, 
focusing on an area already cleared of buildings, and acted almost as a preliminary survey for 
archaeological potentiality. The second campaign took place between 2009 e 2010, encompassing 
the remaining area of the IBCP, at the same time as the actual construction works. 

THE TILE COLLECTION 
7618 fragmented tiles were gathered in both archaeological campaigns. In addition to the tile 
fragments gathered during the excavation works, we will also be including information regarding 
tile panels we safely know were once placed in the Santana Convent and were taken to Madre de 
Deus Convent in Xabregas in the late 19th century, during its refurbishing to become the IBCP. 
This information is clearly stated in a report written in 1907, listing and describing these tiles, 
and the places where some of them were later placed in Xabregas. 
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Only one small Hispano-Moresque tile fragment was found. It was produced with the cuerda seca 
technique, and given its production type, it is most likely Spanish in origin, from Seville. Two 
interesting tiles from this period also deserve a mention, they are the earliest examples of tiles in 
the maiolica technique in Santana and present all the characteristics of a 2x2 pattern tile, with a 
polychromous phytomorphic central motif and a chronology from the second half of the 16th 
century. They were produced in Talavera de la Reyna, Spain.  
Blue, white and green geometric checkered enxaquetado tiles were also found in high amounts. 
It is plausible to assess that the convent tile wall covering in the 16th century was a geometric 
scheme. In addition to the tiles found during the archaeological excavation, we know that several 
similar tiles were taken to the Madre de Deus Convent in Xabregas in the late 19th century. 
No fragment from a 17th-century figurative panel was found during the excavations. However, 
in the list of tiles taken from the Convento Santana to Xabregas in the late 19th century, eight 
such panels are mentioned. 
As for pattern tiles, 402 fragmented tiles were found, divided into two groups: polychromous and 
monochrome. So far 53 distinct patterns were identified, most of them with few copies each, 
approximately half having less than 5. We have recognized 24 polychromous patterns, 14 
monochrome patterns, and 15 which, despite having been registered as polychromous, present a 
monochrome version. As for typologies, we find the entire pattern spectrum in this assemblage, 
with 28 patterns, 7 friezes, 16 frames and 6 bars, which is the usual proportion. Most patters are 
of the 2x2 type.  
The largest amount of tiles found during the excavations correspond to 18th-century panels and 
their frames. The last category far surpassing the first. Frames present some variations to baroque 
winding acanthus leaves, and the corner elements show mascarons, flowers and putti. As for the 
panels themselves, the tiles are very fractured and the compositions, and overall themes, are very 
hard to assemble or even understand. Up until now only a small panel from this campaign was 
put together, depicting Saint Barbara. We know, through the 1907 list, that other three small 
panels were taken to Xabregas. Some tile fragments found in the excavations have high technical 
quality and interesting features will be described in the main paper. 
The excavation also yielded single figure tiles, with four main motifs: flowers, animals, boats and 
anthropomorphic depictions. Flowers are the most common theme. 
Lastly, we have to mention the albarrada compositions, representing a large trophy like vase, with 
flowers and fruits, usually surrounded by birds. In the 2002 campaign a composition with 4x3 
tiles was unearthed, showing a large trophy like high vase, with mascarons as handles, over a 
small pedestal surrounded by wide winding acanthus leaves and putti holding an element which 
would appear in other tiles. 

SOME CONCLUSIONS 
The decoration of each space within the convent will probably remain unknown to us due to the 
changes in the 19th century. What we can surely say is that a wide surface would be covered, and 
that specimens from different chronologies would be in use simultaneously, as happens in almost 
all spaces with such a long diachrony. 
The lack of Hispano-Moresque tiles 16th-century tiles and the presence of enxaquetado tiles, and 
the two Spanish majolica tiles lead us to believe that the first tile covering was comprised of 
enxaquetado tiles, certainly a taste-based option, since other possibilities were available at the 
same time, and the community had the economic means to choose. 
In the 17th century the convent was decorated with pattern tiles, punctuated by small evocative 
tiles depicting saints and religious imagery, which were still in place in the 19th century, when 
they were taken to Xabregas. Perhaps we can relate this redecoration with the convent’s 
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expansion works that took place in the 1670’s and 1680’s, a period when blue on white tiles was 
becoming the norm. 
The 18th century is the period from which the largest number of tiles was found, although we 
could only place together a small panel depicting Saint Barbara. The high number of frames 
would be connected to the purposeful removal of figurative panels in the late 19th century. Also 
from this period, we found a significant collection of single figure tiles, with different motifs, 
which would have been placed in less important spaces within the convent. Probably this 
perceived lack of importance and aesthetic value was the reason they were not taken to Xabregas. 

Key-words:  Lisbon’ Convento Santana, Early Modern Archaeology, Pattern tiles; Figurative 
tiles 
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SUMMARY 
In 1572 the Lisbon Potters’ Regulation divides the craft officials between redware, green glazed, 
white glazed and roof tile officials (louça vermelha, louça verde vidrada, louça branca vidrada 
and telheiros). This is one of the first documents in Lisbon mentioning the production of lead 
glazed wares. Older documents are known in other parts of the country such as in Coimbra where 
a 1556 regulation already mentions the production of lead glaze, calling the craftsman as 
malagueiros. Based on archaeological evidence the production and widespread consumption of 
Lisbon lead glaze may have started during the second half of the 15th century. In the Tagus valley 
area kilns producing lead glazes have been found at least in Alenquer, Mata da Machada and 
Santo António da Charneca.  
The 1572 document, possibly not the first to be made but the one which survived, can in fact 
give us important information about craft organization and the importance of lead glaze 
production. The organization of the lead glazed potters is quite similar to the redware and tin 
glaze potters, electing two craftsmen as judges every year.  
One of the main responsibilities of these judges was to examine who was able to become a lead 
glazed potter, whi had to prepare the glaze, glaze the recipient and fire it, know how to use a 
small kiln in order to oxidize the lead and transform it into dust he also had to learn to grind and 
sieve the sand and add the right amount of copper oxide to give it a green colour. Although no 
yellow or brown glazes are mentioned in this document they are frequently found in Lisbon 
domestic environments and sometimes even associated to kiln wasters.  
This document is also very specific concerning what type of objects the potters had to do in order 
to pass the exam: alguidares grandes e pequenos (large and small flared bowls),  frigideiras 
(frying pans) and tijellas de fogo (cooking bowls), but also panellas de mea arroba cada hua 
(large boiling pans) panellas mais pequenas e de toda a sorte (smaller boiling pans) almotolias 
grandes e pequenas (large and small bottles), tachos (cooking pots) enfusas de toda a sorte (all 
types of jars) pratos de toda a sorte (all types of plates) canos para telhados de cinco palmos 
(pipes to be used in roofs), malegas grandes que chamão vermelha (large bowls), escudelas de 
feição de porcelana (bowls shaped as porcelain) and hu servidor (a pot which could have many 
functions including being used as a chamber pot).  
The majority of these pots has a direct translation into the archaeological record and these were 
the shapes that Lisbon inhabitants were using when using lead glazed pottery in their daily 
activities. 
The objective of this paper is to present the lead glaze artefacts found in two sites in the Lisbon 
area, one in Carnide (a 16th – 17th century dumpster) and the other in Rossio square (a 1755 
house), and try to connect those shapes with the forms mentioned in the potters’ regiment, 
discussing their use in the domestic activities of everyday lives.  
The majority of the finds has the surface covered with green glaze. Could this be related to the 
availability of raw-materials? Was green glazed objects more resistant or was it just a tendency 
of Portuguese consumers to use such colour in objects? 
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Associating form with function is always a difficult task. Although the majority of recipients are 
easy to interpret and a cooking pot was destined to boil, fry or stew food, presenting different 
shapes, an alguidar was a multifunctional object and it is hard to specify what such objects were 
used for or what type of liquids were kept inside an almotolia. However, it is our objective to at 
least start a discussion on the importance that lead glazed objects had in the overall domestic 
consumption of lead glazed ceramics. 
On the other hand, we should also try to understand how did people reacted to these objects. 
Were they seen exactly the same way as non-glazed objects? How did people felt when food was 
served or eaten in a yellow or green glazed bowl? Would they prefer it instead of a redware plate 
or bowl or even a tin glaze plate? All of these objects share the archaeological context thus all 
of them were used by the same population. What would make people prefer ones instead of the 
others? Would food look more appealing inside a yellow or a white plate? Would that make any 
difference at all? 
The first major conclusion while analysing a late 16th /early 17th century context and comparing 
it to a mid-18th century household is that the consumption of lead glazes seems to intensively 
change during two centuries. While in the earlier context lead glaze is almost exclusively 
associated to table ware and small storage in the mid-18th century context the majority of the lead 
glaze ceramics is associated to kitchen ware with several cooking pots presenting an interior and 
sometimes exterior green glaze. Glazed objects continue to be used as tableware although lead 
glaze is clearly replaced by white tin glaze plates and, for the wealthier groups, porcelain.  
When analysing numbers, we should also have in mind that each site corresponds to a specific 
social and economic background and not all of them can be interpreted the same way. Wealthy 
sites consume high quality products and the number of glazed wares, based in the available 
evidence seems to be higher in wealthier contexts, possibly indicating that these were more 
expensive than non-glazed objects. 
 

Key-wordss: Pottery; lead glaze; green glaze, vessels; domestic consumption. 
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SUMMARY 
Cabo Verde was part of the Portuguese Empire and, as such, the churches and other buildings 
were decorated accordingly, creating a unity of which tiles were a substantial part. Archaeological 
excavations in several sites in the island of Santiago have revealed a collection of tiles, most dated 
to the 17th century, which I discuss in this paper. Sites, decorations, chronology and function are 
presented, along with some preliminary conclusions stemming from the author’s doctoral 
research on Portuguese tiles in Cabo Verde. 
 
The aim of this paper is to present an overview of the 17th-century tiles found in the island of 
Santiago, Cabo Verde, from an archaeological point of view. The research presented here is part 
of a larger study conducted in the context of the author’s doctoral thesis. As such, this is a 
preliminary exposition on the subject, with some considerations and suggested approaches for 
further development. 
The 17th century marks the end of the prosperity and economic growth of Cabo Verde and Ribeira 
Grande in particular, but most buildings show pattern tiles dated to that century, which imply a 
certain degree of maintenance and investment in those infrastructures. 
As for our knowledge today, there are seven sites in Santiago with this type of tiles: Rosário 
Church, Conceição Church, Cathedral of Ribeira Grande, Episcopal Palace, Nossa Senhora da 
Luz Church, São Francisco Convent and the Misericórdia Church. All these sites are located in 
Cidade Velha, except for Nossa Senhora da Luz Church, which stands in what was the settlement 
of Alcatrazes, the first head of Santiago’s northern captaincy, created right after the colonization 
of the island and fell out of favour and was almost abandoned shortly after. 
It is noteworthy that all buildings dealt with here are religious. The Church was, alongside the 
Crown, one of the few institutions powerful and wealthy enough to pay for the beautification of 
buildings. Yet it should be emphasised again that this may not constitute a reliable picture of tile 
consumption, as manor houses and non-religious buildings have not been extensively 
investigated. 
Three other places have revealed 17th-century tiles through surveys and fortuitous finds. They are 
Alto do Salineiro, north of Cidade Velha, the stream course of Cidade Velha and the manor house 
which is now the Ethnographic Museum of Praia  
18 different patterns were catalogued so far. There are no patterns exclusive to Cabo Verde. All 
specimens catalogued thus far have parallels in Portugal and some are, in fact, very common. 
This indicates that there was not a specific production of tiles for use outside Portugal, which 
likely translates an effort at uniformity among the colonies, where European settlers tried to 
maintain a European lifestyle. 
There appears to be, however, a difference in distribution of patterns throughout the sites. The 
most common patterns, such as P-604 and F-13, are found everywhere, but most specific themes 
and decoration families seem to be found at only one site. The patterns recognised in Cabo Verde 
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are almost all very common. This lead us to believe that there was no specific tile production to 
be taken overseas. So far, we have not recognised special commissions, as seems happens in 
Madeira and Azores. 
The overall quality of the tiles is standard when compared to what can be seen in Portuguese 
contexts. We find the usual glaze blisters, trivet and sagger pin marks, and few examples of over-
firing, in typical proportions.  
As regards provenance, all tiles seem to come from Lisbon, as they share the characteristics of 
that production centre. In fact, Lisbon was the largest producer of Portuguese tiles and faience, 
which were fired in the kilns and, most likely, made at the same workshops. Interestingly, this is 
also true of the other Atlantic islands (Azores and Madeira) and Brazil. 
There is also the question whether there was a time lag in the application of patterns between 
Portugal and its colonies. It is particularly difficult to clarify this issue since each of the four 
decorative periods lasts for approximately twenty years. Interestingly, there are yet no designs 
from the first period (ca. 1600-1630), characterised by geometric caixilho compositions and 
simpler designs. Most patterns found in Cabo Verde fall within the second period (ca. 1630-
1650), which sees a rise in creativity, with the corncob and camellia family of patterns (both of 
which we have been found on the island). The following period (ca. 1650-1680) sees a smaller 
number of patterns in Cabo Verde, possibly due to economic contraction, the decline in 
construction and the features of the tiles in this period itself, which sees new intricate and larger 
patterns, often with manganese, and altar fronts. Thus far, the fourth and last period (ca. 1680-
1710) seems to be restricted to the cathedral, with blue and white only designs as a result of Dutch 
and Chinese influences. 
It is also important to point out that there are tiles with other chronologies and typologies in 
Santiago, retrieved in the same excavations as the 17th-century tiles mentioned in this paper. There 
are cuerda seca and arista tiles from the 16th century, as well as 18th-century blue and white 
figurative tiles. 

Key-words:   Cabo Verde, 17th century 
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16th century azulejos - what lies beneath the ground of 
Lisbon? 
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Inês Castanheira4, António Valongo4, Cláudia Manso4, Victor Filipe5, Ana Margarida 
Cardoso6 and João Manuel Mimoso7 
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SUMMARY   
In the Vila Viçosa Palace, in the southern Portuguese province of Alentejo, lie the still impressive 
remains of what was the most extensive commission of azulejos produced in Antwerp for 
Portugal. In an inventory made in 1563 after the death of the 5th Duke of Braganza D. Teodósio, 
it was documented that no less than 3,658 azulejos commissioned to Antwerp had been delivered 
up to that year.  
Until recently there was no known parallel between the pieces commissioned to Antwerp for the 
Palace of Vila Viçosa and other commissions for Portugal. At an excavation in Lisbon, in the area 
of the Escolas Gerais five azulejos and two fragments, also of Flemish production, were found 
(figure 1) in what is thought to be a rubbish tip because they were part of the frame of a panel of 
which nothing more was found.  

 

 

 

Figure 1a, b, c, d, e, f, g (clockwise left to right) – Azulejos and fragments found during an 
archaeological excavation in Lisbon, in the area of the old Escolas Gerais. 

 
Other excavations in Lisbon, namely near Casa dos Bicos, Largo do Corpo Santo, Largo do 
Carmo, Palácio dos Condes de Penafiel and the grounds of the former Igreja de Santo André in 
Graça produced more fragments of 16th century azulejos of varying provenance giving us a 
glimpse of an unexpected wealth of types and decorations used in the Lisbon of the 2nd half of 
the 16th century at a time when a local production of faience azulejos was just starting. Now other 
pieces are now appearing in different archaeological contexts giving testimony of a discrete but 
nevertheless clear trend that needs to be acknowledged. The presence of these remains points to 
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the spread of an appreciation for faience tiles and may well be evidence of the foundation for the 
Portuguese taste for azulejos that has lasted to this day. 
This communication reviews some of the findings supported by scanning electron microscopy 
observations and analysis which have tried to integrate some of these cases into known 
provenances or types.  
Many excavations were carried-out in the past where the information has been lost as we can read 
in the 1872 testimony by Ribeiro Guimarães: “Mr. José Valentim (to whom we owe the 
preservation of the 16th century panel of Nossa Senhora da Vida that can be seen in the Museu 
Nacional do Azulejo) stated that at some excavations in the area of Olarias (in Lisbon) he found 
fragments of azulejos similar in production and painting, colours, etc, to those in the Chapel of 
Nossa Senhora da Vida. This incontestably demonstrates that in the 16th century the art of 
[majolica] production had already reached a level of  perfection in Portugal” (O Sr. Jose Valentim 
nos affirmou que, em umas escavações no sitio das Olarias, encontrara fragmentos de azulejos, 
eguaes na fabricação, e na pintura, cores, etc., aos da capella da Senhora da Vida. Este facto, 
que é incontroverso, mostra que no seculo XVI, estava em Portugal mui aperfeiçoada a arte de 
oleiro) [1].  
Well, we hope that many interesting azulejos, long lost in depots and archives of excavation finds, 
can still be dug out once again from their resting places and brought to light to be identified and 
studied in order to bring a more complete understanding of this exciting period of less than three 
decades that started a course of events that lead to the flourishing art of the azulejo in Portugal. 

Key-words:   Renaissance majolica; Faience tiles from Antwerp; Use of instrumental means 
in the study of majolica 
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Conservation and restoration of the tile collection of 
Quinta Nova, Torres Vedras - Criteria and technique 
Ricardo Triães1, Ânia Chasqueira1, Catarina Melo1 
1 Techn&Art - Technology, Restoration and Arts Enhancement Centre, IPT, Quinta do 
Contador, Estrada da Serra, 2300-313 Tomar, Portugal, rtriaes@ipt.pt 

SUMMARY   
The work of recovering a vast collection of tiles from Quinta Nova, Torres Vedras, has been the 
subject of study and intervention of conservation and restoration in the Laboratory of 
Conservation and Restoration of the Polytechnic Institute of Tomar [1]. The collection is very 
diversified, both in stylistic terms and chronologically, being able to find pattern tiles of the 17h 
century, figurative tiles from the first half of the 18th century (figure 1), as well as pattern tiles 
of single figure and ‘pombalinos’. 
With the exception of a tile panel still in situ, but not in its original place, the remaining tiles were 
displaced, some in later reapplications, and the majority in boxes without any reference as to the 
place of provenance or position. 
The fact that they have been removed without any care has caused huge problems for their 
conservation, since in addition to being a large collection and in need of triage and inventorying, 
there is also a very significant group of fragments. 
So, the work developed consisted in the definition of an intervention methodology that allowed 
treating all the collection. The poor state of conservation of some of these elements has put a 
series of challenges that have led to the search for some creative solutions for its conservation. 
The methodology used was aimed at recovering the meaning as an image, although with very 
different results, both due to the state of conservation presented and the technique used. In the 
case of panels with gaps and lack of tiles was used the "hot" restoration technique [2]. For the 
tiles without any reference and for the fragments, a different methodology was followed, 
preserving them in a creative way [3], by juxtaposing the various elements according to a 
previously defined design, preserving their historical-artistic value but creating new readings 
(Figure 2, 3). These solutions are effective, in particular in how they conceptually address the 
problem of the conservation of very incomplete tiles, are compatible, reversible and still allow 
enjoying them. 

Key-words: Tile, displaced heritage, creative conservation 
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Figure 1 – Figurative panel of Quinta Nova after intervention. 

 

 
 
 
 
 
 
 
 
 

 
 

Figure 1 – Panel “tree”. Figure 9 – Panel of fragments "Tile of single figure". 
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SUMMARY 
The identification of the earliest Lisbon façades lined with semi-industrial azulejos was already 
attempted by us [1] as was the role, since 1840, of Fabrica Roseira in the first decades of their 
spread throughout the urban landscape [2]. In this communication we try and identify the earliest 
patterns used to line surfaces. 
At this time (1840s to 1860s) when façades were lined with stencilled azulejos, three types of 
application could be considered, to which corresponded specific patterns according to the then 
extant aesthetic solutions: 

- the surface-pattern tiles, used to line surfaces; 
- the linearly patterned frame tiles, used to contour the architectural features where the 

azulejo lining terminated or was interrupted; and 
- the freeze tiles under the cornice. 

All the tiles were stencilled and at this early time, the frame tiles had the same dimensions as the 
surface liners - later they would be thinned to ca. 1/3 of the width of the “normal” tiles used to 
line surfaces [3]. Freezes, when used, had a height corresponding to two tiles and formed a 
linearly repeating pattern under the cornice. 
An important early application of those tiles was on the walls of a bath house to treat mental 
disorders in a now abandoned Lisbon hospital (Figure 1). The bath house was inaugurated in 1853 
and the lining is presumed to be contemporary because it is chronologically coherent with that 
year. In figure 1 two surface patterns, two frame patterns and one frieze are visible made of 
azulejos attributable to Fabrica Roseira.  
The communication will review this and other examples from the 1840 to the 1860s elucidating 
the earliest patterns used on the façades of Lisbon. 
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Figure 1 – An aspect of the magnificent stencilled azulejos lining the walls of Balneário 

D. Maria II in Lisbon, over which was applied a plaque commemorating their 
inauguration by the Queen on October 29, 1853 

 

Key-words:  Portuguese azulejos; stencilled faience tiles; tiled façades of Lisbon. 
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SUMMARY 
Reading cities and landscapes inform critical natural events that may characterize either 
environments. The hilly character of Lisbon demands an accurate sense of the natural versus the 
artificial, to reveal the natural environment under the metamorphosis of the human will.  
The rehabilitation of the historical lookouts seems to be a task that must stem from other urban 
projects that are intrinsic to the city. Thereby, developing a contemporary image that frames past-
present-future in the long continuum of artistic, architectural and urban heritage.   

INTRODUCTION 
The aesthetic experience of Lisbon implies certain degree of sensibility that focuses on tiles – 
azulejos. And tiles may perform remarkable differentiated rules regarding the intrinsic context 
that they form with the materiality of buildings, walls and spaces. Azulejos may behave as 
“ornamental cladding”, structural surface constructors, trompe l’oeil, ornament and last but not 
least, a fundamental framework for the city in which lookouts and their small, sensitive and 
intimate gardens play a strong role in order to portray the image of Lisbon.  
The aim of this paper is to stress the importance of these essential lookouts from which the 
materiality of tiles is perceived together with other materialities, where the reflection of the Tagus 
mingles with the reflection of tiled surfaces, where colours meet. Recent rehabilitation of these 
public spaces establishes the importance of tiles afresh and motivates a reflection on the way the 
city shares its identity with the cultural identity of tiles. From white-blue to the polychromatic, 
Lisbon combines the revelation of tiles. This is only a particular layer of the city’s identity, with 
layers of the interiors of buildings that await other reflections. 

LOOKOUTS AND METAMORPHOSIS ON TOPOGRAPHY 
The aesthetics of environment as we experience and conceive today is particularly new and that 
would not come to a Greek, Roman or Renaissance mind. An the same seems true for the 
experience of the city scape. To experience the environment for aesthetic purposes alone is an 
idea that comes from the nineteenth century and meant a new approach to nature. Walking ten, 
twenty, forty kilometres within nature for aesthetic purposes would not come to an earlier mind. 
Furthermore, even for scholars, early experiences of nature meant acquaintance with the 
geometrico-mathematization of the origo rerum and thus summa rerum – we may emphasize – 
would have been a sign that rational mind may avoid. 
The lookouts of Lisbon are, basically, cultural constructions and they illustrate that construction 
from a chronology of space and time. Perhaps, the most radical one is that embodies the most 
extended cultural construction itself is the Saint George Castle lookout – a perfect metamorphosis 
in space and time. The aim of terraces above the walls was not to fulfil an aesthetic requirement 
when they were built. They objectively represented safety, defence, functionality. Thus, from that 
early stage until the time when they became spaces of permanence to experience the whole 
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natural-artificially wide scale environment, aesthetically we needed to go through millennia. In 
this sense, a lookout of this kind roots Lisbon to early stages of classical civilization.  

LAND-RIVER-SKY AND SEA  
Places where sea and land meet have demonstrated to be landmarks of civilization. In this sense, 
there is an ancient character of Lisbon that is a cultural construction and yet common to other 
ancient civilizations and that character emanates directly from what its topography is in relation 
to the river and the ocean. Thus, all the lookouts combine land-river-sea. Even a lookout that does 
not access directly the river-sea does not break down the sense of immense dimension given by 
the huge extension of water up to the horizon and therefore lookouts are privileged places to a 
multidimensional experience of space-time. Yet any photograph or image, say such as that created 
in tiles, may actually embody that experience and thus we are telling about partial views that the 
artist or the photographer may emphasize.  
We may believe that an artist such as Fred Kradolfer may have had a dilemma. On one hand 
Lisbon provides an overwhelming experience that is the point of departure of the artist himself 
and by another the artist has under his brush the power of the image. This problem also affects 
our judgements because we may discuss how far those tile panels are actual art works or, whether 
they are simply graphic means to achieve an end which is to guide us in an informative way rather 
in an aesthetic way.  
Unlike architecture that has to pursue an end – to live in – art works such as painting and sculpture 
depend on image alone, they are self-sufficient, they are meant to be experienced insofar as they 
are an end in themselves, an image per excellence. Yet these panels seem to rely on a certain 
balance between a self-beauty – and thus they are aesthetically and artistically referable to art 
works such as paintings – and embody an ability to pursue a particular aim, that is to inform about 
what different buildings or places are, what their names are and how they relate to each other 
from that specific place of the lookout. Yet, in this latter sense they are not actual art works, or 
they have not been conceived as such. 

THE PUBLIC RULE IN THE RESTORATION – A CULTURAL NEED  
Lisbon lookouts are fundamental public spaces and therefore the role of the City of Lisbon is 
strategical in pursuing suitable uses as well as adequate strategies of rehabilitation of these places. 
And the presence of tiled panels maximizes the importance of requalification of these places 
where we experience both tiles and the city in a close and touchable way. We could stress, an 
intimate way that makes the aesthetic experience a vivid act. 
The number of people, locals or tourists, that experience these lookouts is far higher than the 
number of people that enters museums, churches, or convents and thus, these places also work as 
vestibules to other comprehensive explorations of this art. There is a pedagogic context that goes 
beyond the given experience of these places. Consequently, the aim of the requalification as 
performed by the City of Lisbon stressed an overall rehabilitation of the lookouts.  

CONCLUSION  
Lisbon is a type of settlement that has roots in ancient strategies of changing the topography of 
the site. The historical walls of Lisbon are characteristic to that metamorphosis as well as all 
terraces that define the outlooks. We may trace back the origin of these sites to functional need 
of man but they seem to have acquired a single use which is fundamentally aesthetic to be in the 
place and to experience the cityscape alone. Thus, there is a new symbolic use nonetheless 
constructed in the ancient topography as well as in its metamorphosis whose materiality is often 
seen or felt. The presence of the ancient walls of Lisbon and of the castle is particularly important 
to this acquaintance with place. 
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As far as these sites are cultural constructions, the presence of tiles is of highly relevant 
importance. The tiles tell about a chronology of time that brings about an evolution of this art. 
Although it is not a comprehensive chronology its importance seems relevant not only by the fact 
that they return to the ability of creating a sense of interiority by the way how the space interacts 
reciprocally with them, but also because the panoramic panels may open a discussion to the 
evolution of Modern Art.  
The importance of restauration held by the City of Lisbon and its public recognition is certainly 
a high contribution to the discussion of the perfect strategies of restoring tile panels as well to 
reflect on the new horizons that this art may embody in order to be recreated afresh. Last but not 
least, one should emphasize the rule of teamwork leading to the restoration of lookouts. 

Key-words: Tiles, heritage, rehabilitation, lookout, Lisbon. 
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SUMMARY 
There are several books [1-4] about the modern tiles (azulejos) in Portugal, often centring in 
well-known cases by renowned artists or more "spectacular" applications.  
Spread throughout Portugal (and not only in Lisbon) there is also an important heritage of 
modern tiled shopfronts that are often neglected and therefore face silent destruction as the 
shops are passed on to new owners and different branches of business. 
The close collaboration between Portuguese modern architects and artists resulted in 
appreciable benefits to the tiles of the modern period and certainly contributed to the resurgence 
of an artistic industry that was in decline before the 2nd World War. As discussed by the same 
authors [5] a particular case of azulejo integration includes those cases in which the lining at the 
ground floor is either the only one or significantly different from the rest of the building, often 
connected with a commercial purpose. Aesthetically speaking, these linings are important also 
because they are easily perceived, even in narrow streets, where the upper levels will go 
unnoticed. They are often, as well, creations that project or reflect the intention of an artist or a 
designer to transmit appreciative emotion 
The case of shopfronts is singular in the fact that their design reflects the style of the time when 
the shop opened or was refurbished and, not that of the building itself, which may be much 
older. In the present work, all cases of modern shop fronts with integrated azulejo panels, either 
artist-designed or simply resulting from the application of pattern tiles, were considered from 
the point of view of a street walker. Some types of azulejos were identified: artistic azulejo 
panels or ceramic plaques, signed or unsigned; repetitive patterns; small Tijomel tiles; and flat 
or textured monochromatic azulejos. These were found in different localities: Lisboa, Porto, 
Torres Vedras, Torres Novas, Viseu, Beja and others.  
Figure 1 shows an example in Lisbon, where the type used was designed by the well-known 
artist Maria Keil (1914-2012) [6] who personally identified tiles of the same pattern in the 
collections of the Museu Nacional do Azulejo as her own. However, as far as the authors know, 
this particular application was never mentioned in the literature. 
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Figure 1 – Rua da Portas de Santo Antão Nº 77, Lisbon 

 
Integrated azulejos, new or old, must be valued as a national mark but they go often unnoticed 
possibly because “Portuguese eyes” are so very used to them. Although tiled façades are now 
protected, shop fronts are often forgotten because they only pertain to a small part of the façade. 
And they are at risk, not only because of the urban expansion but mostly because new shop 
owners refurbish the fronts often neglecting the tiles that went into the design of the previous 
avatars of that shop. If their preservation is not specifically assured, modern shopfronts will 
soon be a dimming memory of the past. 

Key-words:  Modern azulejos /shop fronts / modern decoration / Portuguese azulejos 
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SUMMARY 
In his American classic film noir “Secret Beyond the Door” (1947), German director Fritz Lang 
(1890-1976) introduced the symbolic concept of “felicitous room” developed by a character who 
is an architect that publishes a magazine on modern architecture, where he explores the thesis 
according to which the way a place is designed determines what happens in it, such as a certain 
church building where miracles usually happen. 
Appropriating the concept of “felicitous room”, this paper intends to problematize the earlier 
collective work of Querubim Lapa (1925-2016) and Francisco da Conceição Silva (1922-1982), 
especially addressing the case of Rampa, a three floor store in the centre of Lisbon, designed in 
1956, to sell fashion, art and design items.  
Conceição Silva and Querubim Lapa are two key figures of the Modern Movement in Portugal. 
The first one is an architect and manager of multidisciplinary teams, promoting collaborations 
with artists and designers; the second is an artist and ceramist developing in situ work for 
architecture.  
After World War II, architects and artists were involved in joint projects, with both commercial 
and social goals, striving to put art at the service of everyday life. In this context, the work of the 
Conceição Silva Studio is one of the most requested. The architect, known for his versatility and 
ability to boost artistic production, is responsible for designing a significant number of buildings, 
integrating the work of various artists. 
Querubim Lapa, with a background in sculpture and painting, began his career in the 1940s, inside 
the Neo-Realist movement, later on becoming a main figure of Portuguese ceramics, famous for 
his murals and tiles.  

 
Figure 1 – Armazéns do Minho (Minho’s department store), Angola, 1955. Photograph CEQL. 

His work with Conceição Silva constitutes a paradigm, distinguishing itself as one of the most 
cohesive collaborative works between architects and artists of the Modern Movement. Starting 
with the designing of tile patterns for the delegation of Armazéns do Minho (Minho’s department 
store) (Figure 1), Moçâmedes, Angola (1955), this work evolved to the complex and innovative 
project of Rampa store (Figure 2) and went on.  

60

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 
Figure 2 – The Rampa store, Lisbon, 1956. Photograph Estúdio Novais, 1956, Calouste 

Gulbenkian Foundation. 

Rampa’s doorframe (Figure 3), a reinforced concrete structure covered with ceramic tiles 
designed and painted by Querubim Lapa, conceived to sustain an all-glass facade, became a key 
architectural element of the Modern Movement in Portugal, both in a historic and symbolic way. 
Telling the bustling story of Rampa, since it was built, during the golden period of its activity, 
until it was demolished and the doorframe apparently lost, will help us to understand the path of 
post-WWII Modernism in Portugal. The finding and recovery of this architectural element full of 
meaning, its public showing and the prospective integration in a public collection, ultimately will 
sustain the need to implement restoration and conservation processes, while promoting the 
renovation and reuse of buildings, especially considering the most permeable to seasonal trends, 
instead of destroying and musealize recovered fragments. 

 
Figure 3 – The doorframe of the Rampa store. Photograph José Manuel Fernandes architect, 

1980. 

Key-words:  Ceramic tiles, Querubim Lapa, Modern ceramic, Felicitous room, Modernism, 
Conceição Silva 
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SUMMARY 
In the middle of the seventeenth century the Dutch Republic, and in particular the town of Delft, 
became famous for its Delftware production, tin glazed earthenware also known as maiolica or 
faience. “Hollandts porceleyn” or plateel, as the Dutch called it, was not only produced in Delft 
but also in several other cities in the Dutch Republic (Ostkamp1). Before that, potters in the 
Republic already produced what is known in Dutch as majolica, cruder, thick bodied ceramics 
with a tin glaze only on the top or outside of the object. French and Italian as well as Portuguese 
faience was imported (Jaspers2) before migrating craftsmen brought the production technique 
was to the Dutch Republic. 
Even when faience was produced by potters in the Republic, this type of ceramics was still 
imported as well (Jaspers2). It is not always easy to determine the origin of the ceramic just on 
morphological or stylistical grounds. A first study (Megens3) showed French and Dutch glazes 
could be distinguished by semi-quantitative non-invasive analysis with X-Ray Fluorescence 
Spectrometry (XRF). We extended this data-set with more faience objects attributed by 
archaeologists and faience specialists Nina Jaspers and Sebastiaan Ostkamp to Dutch, French, 
Italian and Portuguese production centres. The glaze analysis results were also compared to the 
outcome of analysis of the ceramic body by XRF and Scanning Electron Microscopy with 
Energy Dispersive X-Ray Analysis (SEM-EDX). 

MAIN RESULTS AND CONCLUSIONS 
The plot of the SnKα: PbLα ratio against the Rayleigh normalized PbLα intensity of the dataset 
of faience from various excavations in the Netherlands is shown in fig. 1. There appears to be 
considerable overlap between the provenance groups. Part of the measurements of “Dutch” 
objects cluster with the “French” or the “Portuguese/Italian” measurements belong mostly to 
objects that are attributed to the workshops of Gerrit and Willem Verstraeten in the Dutch town 
of Haarlem. Also the Portuguese and Italian groups overlap, while even some measurements of 
allegedly Portuguese or Italian objects fall in the main group of Dutch faience. PCA analysis of 
all the variables in the dataset, however, shows a rather clear separation between the Portuguese 
and Italian groups. 
PCA analysis of the XRF measurements of the ceramic body shows a well-defined Italian 
group. The Verstraeten objects were not included in these measurements so it is not clear if they 
would cluster with the Italian measurements. Portuguese and Dutch products seem quite 
different, but both have overlap with the French group.  
The results show that non-destructive XRF analysis of the glaze gives a good indication of the 
provenance of faience, important for the investigation of museum objects. Combining these 
results with analysis of the ceramic body can attribute to a more certain determination of the 
provenance. 
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Figure 1 – Left: Plot of the ratio of the intensities of the SnKα to the PbLα peak against the intensity of the 

PbLα peak normalized to the RhKα Rayleigh scatter of white areas of faience glazes. Right: plot of the 
first two principal components after PCA on the entire dataset of white glaze measurements (calculated 

with the prcomp function in r). 

 
Figure 2 – Plot of the first two principal components of the XRF analysis of the ceramic body. 

Key-words: Tin-glazed ceramics, provenance. 
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A new 15th-16th century pottery kiln on the Tagus basin, 
Alenquer, Portugal  
L.F. Vieira Ferreira1, I. Ferreira Machado12, T. M. Casimiro3 
1 CQFM-Centro de Química-Física Molecular and IN-Institute for Nanosciences and 

Nanotechnologies and IBB-Institute for Bioengineering and Biosciences, Instituto Superior 
Técnico, Univ. de Lisboa, Lisboa, Portugal, luisfilipevf@tecnico.ulisboa.pt 

2 Polytechnic Institute of Portalegre, P-7300-110 Portalegre, Portugal. 
ilferreiramachado@tecnico.ulisboa.pt 

3 Instituto de História Contemporânea e Instituto de Arqueologia e Paleociências da 
Universidade Nova de Lisboa. Departamento de História, Lisboa, Portugal. 
tania.casimiro@tecnico.ulisboa.pt 

SUMMARY 
A detailed archaeometric study of pottery was made of a 15th-16th centuries kiln located inside 
the walls of the Castle of Alenquer. The locally collected sherds are lead glazed, and most exhibit 
a green or dark yellow decoration. In one case, a fragment of a bowl has two different coloured 
glazes, green on the exterior and white on the interior. Tin oxide was detected in the white glaze. 
The samples were studied with the use of non-invasive or quasi non-invasive techniques. Ceramic 
bodies from the pottery produced in the Alenquer kiln were characterized in terms of their 
mineralogical and elemental composition. This pottery was fired twice, the first time at high 
temperatures to produce the biscotto, and the second time at lower temperatures to glaze the 
ceramics. Although only one type of raw material collected locally was used, two types of the 
resulting ceramic bodies were detected and organized into two Groups: one produced at about 
850ºC, another at about 950ºC. 

 
Figure 1 – Three representative samples from Alenquer kiln. 

 

Ceramic bodies from Group 1 are converted into Group 2 ceramic bodies whenever the 
temperature of the kiln is raised from 850ºC to 950ºC, as we observed by firing the ceramic bodies 
from the Group 1 in our laboratory. Dark yellow colour was assigned to chromophore Fe3+O3S2- 
detected by ground state diffuse reflectance absorption spectra.  
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Figure 2 – Representative XRD patterns for ceramic bodies from Alenquer sherds: (i) Type 1; 

(ii) Type 2. The XRD peaks are assigned to: Quartz (Q), Diopside (D), Gehlenite (G), Anorthite 
(An), Hematite (H), and M (Muscovite). 

 

These results were compared with those obtained for coeval ceramics produced in Portugal, 
namely at Santo António da Charneca and Mata da Machada. Both kilns were located close to 
Lisbon, on the south shore of the river Tagus, as previously reported [1-2]. It is now possible to 
clearly distinguish the productions of three of the major production areas in the Tagus Valley, 
information which will be very useful in future studies to understand the distribution patterns of 
these three kiln areas not only in the Tagus area but also in a wider regional basis and how 
production characteristics may have influenced consumer choices. 

Key-words:  Pottery, -Raman spectroscopy, Diffuse Reflectance Absorption Spectroscopy, X-
Ray Fluorescence Spectroscopy, Diffractograms. 
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Beneath sacred land: glazed pottery from the old Church 
of La Concepción in Zamora 
Uxue Sanchez-Garmendia1, Estefania Calparsoro2, Gorka Arana3 and Javier G. Iñañez2 
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SUMMARY 
A set of 14 archaeological ceramics, including tin-lead glazed, micaceous and “Duque de la 
Victoria” type ceramics, from 15th-16th centuries recovered from the rests of the goldsmithing 
workshop beneath the Church of La Concepción (Zamora, Spain) was archaeometrically 
characterized by Inductively Coupled Plasma Mass Spectrometry (ICP-MS), X-ray Diffraction 
(XRD) and Scanning Electron Microscopy (SEM). Ceramic provenance has been established as 
being mainly from local origin with some examples from other regional production centers. 

INTRODUCTION 
During the past two decades, numerous excavations have been conducted in the city of Zamora: 
two were carried out at the places corresponding nowadays to the Provincial Historical Archive 
and the Public Library of the State, another at the Ethnographic Museum and the last at the area 
known as Olivares. In the same site, where nowadays lies the Provincial Historical Archive, 
there was an old convent called Convento de Nuestra Señora de La Concepción, while in the 
adjacent plot, where the Public Library of the State was constructed, there was the church 
known as Iglesia de Nuestra Señora de La Concepción. Archaeological works shed light on the 
existance of evidences from earlier dates beneath the church. On the one hand, numerous holes 
stuffed with medieval hispanomuslim ceramics from the ages and dated before the 13th century 
were documented; and on the other hand, evidences of a goldsmithing workshop that was active 
between 13th and 16th centuries were also found. In the course of these fieldworks an important 
set of archaeological materials, including an important set of ceramics, has been recovered. 
Regarding the purpose of this work, it not only is to characterize the pottery from the 
archaeological site of the Church of La Concepción and the prior goldsmithing workshop, but 
also to assess the provenance of local or regional origin of the ceramics, shedding light on the 
regional trade and local consumption patterns.  

ANALYTICAL METHODOLOGY 
A set of 14 archaeological ceramics, including tin-lead glazed, micaceous and Duque de la 
Victoria type ceramics from 15th-16th centuries recovered from the remains of the goldsmithing 
workshop beneath the Church of La Concepción (Zamora, Spain) was archaeometrically 
characterized. Among them, 7 are tin-lead glazed ceramics: 2 are decorated with blue motives, 
one with green and brown and the last one with black and green motives. Another 6 are 
micaceous, and the last one is a fragment of Duque de la Victoria type. Ceramics were analyzed 
by means of Inductively Coupled Plasma Mass Spectrometry (ICP-MS), X-ray Diffraction 
(XRD) and Scanning Electron Microscopy (SEM). 
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RESULTS AND DISCUSSION 
The results of the chemical analysis (ICP-MS) have been graphically displayed (Hierarchical 
Cluster Analysis, HCA). Examination of the resulting dendrogram shows a clear 4-group 
structure that corresponds to the different productions identified in La Concepción and the 
Olivares productions already established. Interestingly, all of the tin-lead glazed ceramics 
unearthed at the Church of La Concepción show a chemical fingerprint compatible with the 
already identified Z-3 group from Olivares workshops. Furthermore, another set of ceramics has 
been identified as Z-4. This group is formed by 4 micaceous ceramics. All of them are unglazed 
and are, basically, cooking pots and serving vessels. The dendrogram also reveals the existence 
of three ceramics that do not match any of the paste reference groups identified in the city of 
Zamora. Along these lines, ZMR037 and ZMR039 are of micaceous paste and, surprisingly, do 
not cluster together with Z-4 group that is also micaceous. Likely, this two ceramics belong to 
another ceramic production from the renowned vicinity potting villages in the region, like 
Pereruela or Muelas del Pan. Finally, ZMR050 is also not linked to any of the already 
established chemical groups in Zamora due to higher values mainly on Al2O3, Ba, Ce, Cr, La 
and Fe2O3, as well as much lower CaO amounts. 
Mineralogically, exactly 50% of the ceramics are calcareous, showing more than 13% of CaO 
content in most of the cases. Besides, all the calcareous ceramics are from the Z-3 chemical 
group, defined in the study about the workshop of Olivares. Along these lines, in this latter 
study, four different fabrics were identified for Z-3 (F-I, F-II, F-III and F-VI). Thus, among the 
calcareous ceramics from the Church of La Concepción, some belong to the fabric F-II, while 
the rest of the ceramics define two new fabrics (F-IV and F-V). On the one hand, typical 
calcareous earthenware phase associations are identified in Z-3. The main mineral phases that 
form the Z-3 ceramics are quartz, potassium feldspar, gehlenite and calcite. The Equivalent 
Firing Temperature (EFT) ranges between 850 ºC-1000 ºC for these fabrics.  
The chemical group Z-4 is formed by four micaceous ceramics. In this group, two different 
mineralogical fabrics have been identified: F-Ia and F-Ib, and F-II. Main mineralogical phases 
identified are quartz, potassium feldspar and illite. EFT ranges between 800 ºC-900 ºC for these 
fabrics. 
Furthermore, the rest two micaceous sherds and Duque de la Victoria type one, do not belong to 
any specific chemical group. When it comes to the two micaceous ceramics, they have the same 
phase associations as the F-I from Z-4 with an EFT in the range of 800-850 ºC. Finally, Duque 
de la Victoria type ceramic contains quartz, potassium feldspar, plagioclase and illite, providing 
an EFT around 850 ºC. 
After chemical and mineralogical analyses, 4 glazed ceramics were selected for SEM-EDS 
study in order to deepen into the understanding of their glaze composition and pigment nature. 
According to SEM-EDS results of the glazed ceramics, all of the glazes analyzed are Pb and Si 
based. In addition, SEM-EDS enables for identifying Sn particles distributed thoroughly within 
the glaze. These crystals are likely cassiterite (SnO2) and, along with some relicts of quartz and 
sometimes feldspars, help out for achieving the opaque white colour diffracting and dispersing 
the incident light. Regarding the blue decoration, this one was achieved by the use of Co and 
Fe. Interestingly, in the blue areas of the Zamoran ceramics, Co-Fe particles are found under the 
glaze and directly in contact with the clay body. Besides, Cu content has been found in green 
areas by SEM-EDS. Finally, Mn compounds are unequivocally the responsible for obtaining 
brown and black colours. Thus, these Mn particles can be found as mainly Mn particles or as 
Mn-Si-Pb particles. 
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CONCLUSION 
This study has deepened into the understanding of the pottery consumption in Zamora during 
Late Medieval and Early Modern periods after the archaeometrical characterization of pottery 
unearthed in the Church of La Concepción. Thus, chemical analysis has enabled the 
identification of two reference groups: on the one hand, tin-lead glazed pottery from this site is 
chemically compatible with the already established Z-3 local reference group from the Olivares 
workshop, and on the other hand, one new chemical group has been identified, Z-4. This group 
is formed uniquely by micaceous unglazed ceramics, although its local origin cannot be surely 
proposed given the state of archaeometrical knowledge up to date. Then, a regional Zamoran 
provenance should be highly taken into consideration as well. Unfortunately, two micaceous 
ceramics could not be assigned to any of the known chemical reference groups. In addition, one 
ceramic archaeologically described as Duque de la Victoria type from Valladolid, could not be 
either assigned to the known groups, so its provenance remains unclear.  
Technologically, tin-lead glazed ceramics from Zamora at this chronological period are 
calcareous and show creamy colour pastes, being fired at temperatures ranging from 850 ºC to 
100 ºC in oxidizing conditions. Additionally, most of the micaceous ceramics show a relatively 
low firing temperature, from 800 ºC to 850 ºC, while just one example reaches an EFT of 900 
ºC. 
Besides, SEM-EDS analyses have facilitated the identification of the nature of the different 
pigments employed by Zamoran potters for decorating their ceramics following traditional 
hispanomoresque contemporary recipes. Thus, white opaque coatings were achieved by the use 
of SnO2 in the Si-Pb glaze. Moreover, green colour is obtained by the addition of Cu 
compounds, while the brown/black pigment is obtained by the use of Mn ones. Interestingly, 
the nature of blue pigment is related to the use of Co and Fe particles, which seem to be applied 
under the glaze coating. 
In agreement with the archaometrical results of this study, the consumption of pottery by the 
people who inhabited and work in the goldsmithing workshop during the 15th and early 16th 
centuries show a local pattern. In this way, the use of local Zamoran ceramics, as well as 
micaceous ceramics from regional contexts, is predominant in this site. Therefore, and given the 
initial results presented, a long-distance trade cannot be excluded, although it is not reinforced 
by the archaometrical results of the sample studied so far. 

Key-words:  Pottery, glaze, chemical analysis, mineralogical analysis, post-medieval 
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Villafeliche, an 18th century majolica producing village in 
the heart of Aragon (Spain)
Javier G. Iñañez1

1 University of the Basque Country (UPV/EHU), Vitoria-Gasteiz, Spain, javier.inanez@ehu.eus

SUMMARY
By the sixteenth century, Spanish majolica production flourished as Italian-influenced decorative 
styles diffused into the Iberian Peninsula. Aragonese majolica also was influenced by the new 
Italian-influenced decorative trends and styles. Consequently, black and especially green 
motifs—colors associated with Islamic ceramic traditions—were progressively replaced by blue 
patterns, sometimes mixed with other colors, such as yellow. In contrast, however, Aragonese 
potters combined traditional hispanomoresque motifs, with the new Renaissance influences. This 
fusion of decorative elements resulted in a distinctive ceramic product. From the sixteenth century 
until the end of the eighteenth century, the town of Muel and Villafeliche afterwards, became the 
main production centers in the region of Aragon along with Teruel. Although lusterware 
production was very important during fifteenth and sixteenth centuries in Muel, tin lead glazed 
pottery decorated with blue on white motifs made in Muel and Villafeliche achieved a relevant 
impact on Renaissance Spain1. The production of tin lead glazed ceramic in Villafeliche can be 
chronologically established during the 15th century, and was strongly linked to the 
hispanomoresque population. Villafeliche, along with Muel and Teruel, is one of the main 
majolica production centers of the Iberian Peninsula. The technical and artistical quality achieved 
by the ceramists from Villafeliche provided the village with wide recognition, especially 
regarding the blue and polychrome tin lead glazed ceramics.
According to historical written records, the village of Villafeliche belonged to the Camarassa 
marquis, who expanded the city walled limits with the establishment of new workshops in early 
Modern era. These new artisan areas received the name of Herrerias (blacksmiths) and Ollerias 
(pottery workshops) neighborhoods, amongst others 2. In this way, in a document dated to 1575, 
a potter appears in a wedding contract, evidencing the ceramic activity in Villafeliche. 
Furthermore, the Camarassa marquis rented some properties to a neighbor from the nearby 
Monton village, providing historians with a very detailed description of the neighborhoods and 
main work activities in Villafeliche, including pottery making. Interestingly, this demonstrates 
that the pottery workshops and ceramic activity in Villafeliche was kept intact even after the 
expulsion of the Moresque population in 1609-1614, which was Muslim population converted 
into Christians by law, although most of them managed to keep some of their cultural and 
religious idiosyncrasy 2. In addition, new potters were established into the village, according to 
written documents. Along these lines, names like “Jaime Villar, cantarero (jar making)” in 1623, 
or Pablo Pasqual, escudiller (porringer maker) in 1626, appear as doing transactions with traders 
or as house owners 2. Besides, the ceramic activity of the village is clearly linked to the production 
of black powder, which both showed a growing pulse since late 17th century and during the whole 
18th century. However, in the 19th century, tin lead glazed production seems to clearly decreasing 
and, already at the beginning of the 20th century, it has completely ceased. 
In order to shed light to the ceramic productions from Villafeliche, a sample of 21 ceramics 
obtained from the Museu de la Ceràmica de Barcelona collection was obtained. All the ceramics 
analyzed were tin lead glazed pottery with blue on white motifs and dated back to the 18th century. 
These ceramics were unearthed in the context of the archaeological surveys conducted by Llubià 
during the mid-20th century in the ceramic dumps of Villafeliche, specifically in the workshop 
area known as “Los Portillos”. Thus, the ceramics that compose this study are considered of local 
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origin given its procedence of a ceramic dump and the fact that the sample also includes kiln 
furniture, such as spurs, as well as discarded ceramics or failures. 
During statistical treatment, chemical variables have been transformed into logarithm ratios 
following the aforementioned methodologies from the following subcomposition: Fe2O3, Al2O3, 
MnO, TiO2, MgO, CaO, SiO2, Ba, Zn, Sr, Ce, V, Zn, Ni and Cr, using Nb as divisor since it is 
the less variable amongst the dataset, according to the calculated variation matrix 3.The variation 
matrix obtained shows a total variation (vt) of 0.214, which enables to suggest a monogenetic 
grouping 3. The elements responsible for the highest variation amongst the dataset are, mainly, 
MgO, CaO, Na2O, K2O, Sr, Ce and Cu (vt/τ.i<0.6). Besides, MJ0068 shows a high variation due, 
mainly, to its very high CaO content (23.71%). Therefore, when calculating a new compositional 
variation matrix without considering those elements that are susceptible of being altered (Na2O, 
K2O and Cu), the vt is only of 0.098, which is clearly an indication of a very compact chemical 
group 3. 
Results can be summarized in the dendrogram obtained after the clustering analysis of the latter 
subcomposition using the Euclidian squared distance and the centroid agglomerative method. The 
study of the dendrogram enables determining a single homogeneous structure clearly different to 
the rest of Spanish productions and showing fusions between individuals at very low ultrametric 
distance (<0.05 units). Dissimilarities between individuals are mainly due to slight differences in 
Zr, Ba and Ce, having the ceramics on the left of the dendrogram a more abundant clayey phase 
than the ceramics on the right of the dendrogram, which show higher Zr amounts related to more 
sandy phases. The individual MJ0068 merges with the rest of the ceramics at a higher ultrametric 
distance (0.15 units), mainly due to its higher CaO amounts (23.71%), while the mean of CaO for 
the Villafeliche ceramics is 17.39%. Therefore, the small differences observed between ceramics 
should not be due to differences in productions or recipes but most likely, to the fact that these 
productions are pre-industrial processes. Thus, 18th century potters used standardized recipes but 
showing slight differences due to small geochemical differences within the clay pits and later 
processing, supported by archaeological data. 
Mineralogically, Villafeliche ceramics show typical calcareous earthenware phase associations, 
similar to the ones already described for the reference groups of modern-era Spain 4. Thus, quartz, 
plagioclase (mainly anortite), diopside and ghelenite, sometimes also calcite, are the main mineral 
phases, providing an estimated firing temperature (EFT) around 950-1000 ºC. However, it is 
important to highlight the presence of analcime in some of the ceramics, a sodium zeolite 
[NaAlSi2O6·H2O]. Analcime forms a solid solution with wairakite [Ca(Al2Si4)O12.2H2O]. Given 
the presence of high calcareous ceramics fired at temperatures around or over 1000 ºC, analcime 
is suggested as a secondary phase, likely related to the alteration of the vitreous phase of the clay 
matrix and the posterior crystallization of this zeolite likely as a by-product of gehlenite 
decomposition under postdepositional conditions 5. After SEM examination, and according to the 
low crystallization of new crystallites within the interphase between clay paste and glaze, the 
ceramics were manufactured by a two-firing process technology. Thus, a first firing to obtain the 
bisque ceramic, reaching the temperatures of 950-1000 ºC as seen by XRD analysis, and a second 
firing for the application of the glaze, likely reaching lower temperatures in the kiln. 
The archaeometrical results enable linking the ceramics unearthed in Villafeliche to a local 
origin related to the ceramic productions during the 18th centuries, in agreement with the 
archaeological record. Thus, the production of the 18th century keeps the tradition of employing 
calcareous clays that is observed in previous local productions, as well as the use of tin lead 
glaze recipes for glazed coatings. 

Key-words:  Majolica, postmedieval, XRF, XRD, SEM 
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3 Museu Nacional do Azulejo, Lisboa- Portugal 

SUMMARY   
Since 2016, the Museu Nacional do Azulejo (Portuguese National Azulejo Museum), the 
Laboratório Nacional de Engenharia Civil and the HERCULES Laboratory of the University of 
Evora made a joint effort in the instrumental study of 16th century Portuguese azulejos, aimed at 
establishing their origin, technology and eventual systematization of workshop productions. The 
microscopic observation of the biscuits did not hint obviously to widespread mixtures of clays, 
as are routinely observed in the sections of 17th century azulejos. Therefore, it seems likely that 
the workshops often used plain marls with a suitable composition to grant compatibility of the 
biscuit with the glaze and thus their composition is a prime choice to confirm a local provenance.  
Azulejo samples are collected from panels on the walls and consequently are necessarily 
superficial and very small. In such samples the biscuit composition as pertains to minor and trace 
elements is tainted by the penetration of the raw glaze and digestion phenomena over firing. 
However inclusions of minerals that are infusible at the kiln temperatures remain largely 
unaltered. A means to discriminate provenance of azulejos based on a morphologic and 
compositional study of the small inclusions found in biscuit sections, often less than 5µm across, 
is proposed in this communication. These include mineral inclusions, both with and without 
repetitive morphologies (figures 1 and 2), and micro-fossils.  
 

 
Figure 1 – Irregular framboid associated with large euhedral 

crystals (Az 032/07) 
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Figure 2 – BSE image of a zircon crystal with inner growth marks apparent (Az068/06) 

This communication reviews the inclusions repetitively found in Portuguese 16th century azulejos 
as a first step for the construction of a database aimed at exploring their potential as markers of 
provenance. 

Key-words: Provenance of ceramics; Early azulejo production in Lisbon; Use of SEM-EDS 
in the study of majolica; mineral inclusions in ceramics. 
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SUMMARY 
The Islamic presence in the Iberian Peninsula between the 8th and the 15th centuries provided a 
specific background for the development of important ceramic centres. Among the most 
important innovations brought by the Islamic potters were the tin-opacified glazes and the 
cobalt blue pigment [1]. Archaeological evidence has shown that in Valencian blue-and-white 
or blue-and-lustre ceramics, an underglaze painting technique was used: the cobalt pigment was 
applied onto the raw ceramic object, which was then fired for the first time; then, the white 
lead-tin glaze frit was applied to cover the object’s surface, and the ceramic object was fired a 
second time [2]. Besides Valencia [3], an underglaze tin-opacified cobalt blue decoration has 
also been documented in Teruel [4] and Seville [5]. 
The Valencian and Sevillian regions were among the most important production centres of 
Hispano-Moresque ceramics. While in Valencia the underglaze technique was the most used 
one for decorating ceramic tiles, in Seville the cuerda seca and the arista techniques were more 
popular [1]. Nevertheless, during a recent study on Hispano-Moresque tiles [6], an underglaze 
decoration was identified in shards attributed to a Sevillian production. Opposing to what has 
been written about Valencia, underglaze-decorated Sevillian ceramics were yet to be studied. 
This study characterises and compares tin-opacified underglaze-decorated tiles from these two 
different provenances. 
A group of 14 tiles from three different institutions – Monastery of Santa Clara-a-Velha, 
Coimbra, Portugal (SCV); Museo de Cerámica “González Martí”, Valencia, Spain (MCV); 
Instituto Valencia de Don Juan, Madrid, Spain (IVDJ-S) – was studied.  
The chemical and morphological characterisation of the glazes was performed by Optical 
Microscopy (OM), Scanning Electron Microscopy with Energy Dispersive X-Ray Spectroscopy 
(SEM-EDS), µ-Raman Spectroscopy, and µ-Particle-Induced X-Ray Emission (µ-PIXE). 

Two types of tin-opacified underglaze decoration were identified, allowing the distinction 
between Valencian and Sevillian-attributed tiles: Type 1 is observed for flat Valencian tiles and 
characterised by small Co- or Mn-rich particles (< 15 µm) scarcely distributed near the glaze-
ceramic interface; Type 2 was identified in arista and “low-arista” Sevillian-attributed tiles and 
is characterised by two distinct layers, where the lower one is composed of many inclusions 
related to the Co pigment, and the upper layer is more homogeneous and similar to the MCV 
glazes with its well-distributed tin oxide agglomerates. Further differences were identified in 
the chemical composition of the tin-glaze: Type 1 glazes exhibit lower SnO2 and higher K2O 
contents than Type 2 glazes, suggesting that different glaze recipes were used in the two 
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production centres. The chemical composition of the cobalt blue pigment fits within the 
expected Fe-Co-Ni-Cu association identified in Hispano-Moresque ceramics until the beginning 
of the 16th century. The morphology of the pigment particles exhibits a Fe-Co-Ni-rich nucleus 
with an outer layer rich in Si, Ca, Mg and Na, which may result from a prior mixture of the blue 
pigment with sand (as zaffre) or with clay. 

The underglaze decoration technique using a tin-opacified glaze was widespread in the 
Valencian region and used sporadically in other ceramic centres, such as Seville. Considering 
that previously referenced literature on underglaze-decorated ceramics only mentions 
transparent glazes, this underglaze decoration using a tin-opacified white glaze represented a 
technological innovation. 

Key-words: Cobalt, underglaze, tin glaze, ceramic tile, Hispano-Moresque. 
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SUMMARY 
Blue on blue (Berettino) sherds appeared in numerous production and consumption 
archaeological excavations in Lisbon and other archaeological sites in Portugal (mid 16th-beg 
17th c.). The abundance of this interesting faience lead us to compare it with similar pottery 
from other well-known production centres in Italy, namely Liguria (Savona and Albisola), 
Spain (Triana kilns) and Low Countries. 
Differences in the diffraction patterns of the sherds’ pastes from the four countries were 
observed. In most samples cobalt blue silicate (cobalt olivine) was identified in the dark blue or 
light blue glazes by the use of micro-Raman spectroscopy and diffuse reflectance spectra. 
 

 

 

 

 

 

 

 

 

 

Figure 1 – Blue on Blue 16th-17th c. sherds 

Taking into account the polymerization index (Ip), we determined Ip = 0.8 for the Lisbon blue 
on blue productions, and we estimated a 950ºC kiln temperatures.  The Spanish productions 
exhibit lower Ip ~ 0.5 to 0.7, pointing to kiln temperatures of about 850ºC-900ºC. Italian and 
the Low Countries productions also exhibit Ip ~0.5- 0.7. 
A remarkable difference in the calcite contents of the Lisbon and Seville pottery sherds was 
observed, in accordance with previous observations of high calcite contents of Seville ceramics. 
A comparison was also made for all blue on blue sherds studied here with many others 16th - 
17th c. sherds from Lisbon using bivariate plots of K/Si vs. Ca/Si. Lisbon and Seville pottery 

Seville, 16th c. Savona, 16th c. Albisola, 16th c. 

1 32

Low Countries,  
beg. of the 17th c. 

Lisbon, 16th-17th c. 

1 432
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behave very differently, whereas Italian and Low Countries sherds occupy intermediate 
positions. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Bivariate plot of K/Si vs. Ca/Si for blue on blue sherds from Lisbon, 
Seville, Savona, Albisola and Low Countries 

This work demonstrates that Lisbon was not only producing a different type of pottery but 
supplying the internal market and possibly sending large amounts of this ware to Portuguese 
overseas colonies and even to North European countries and their colonies. 

Key-words:  Portuguese ancient ceramics, Lisbon blue on blue pottery, XRD, XRF, -
Raman. 
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SUMMARY 
Jorge Colaço (1868-1942) was undoubtedly the greatest tile painter of the 20th century in 
Portugal. 
Colaço began his artistic career as a tile painter in 1904. In the same year the first great order 
arose, the panel tiles for the Lisbon Medical School, made by the Count Paçô-Vieira. The second 
one was made by Emídio Navarro for decorating the Bussaco Palace. The third order occurred in 
1905, after Fernando de Sousa, a member of the State Railways Administration, having 
knowledge of the previous tile panels produced by the artist. The quality of his drawings and 
painting was crucial for Fernando de Sousa ordering him the production of the lobby panels of 
the S. Bento Railway Station, in Porto.  
After these orders Colaço’s tile artwork became fashion and those who moved through artistic 
and literary circles, became his clients. 
Usually clients most often defined what they wanted, or alternatively they gave the master the 
option of a final decision. Generally, both by the artist will or by the client choice, every order 
was preceded by previous studies. Colaço elaborated   these studies following his imagination or 
the clients requests on watercolor or common paper. Alternatively, he transferred to the panels, 
images copied from photographs, postcards, prints, books or periodicals. 
Soon after the production of the first panels, Jorge Colaço began experimenting new painting 
techniques, or adapting the existing ones. But he became well-known mainly by his painting 
technique on glaze already cooked. This technique allowed him to remake or change the drawings 
before the tiles were last baked. The analysis made to the Colaço´s photographic collection 
belonging to the National Tile Museum, in Lisbon and to photographs published by coeval 
periodics, allowed us to confirm subsequent modifications made by the artist in his panels. The 
S. Bento Railway station is the most paradigmatic one. 
It is known that the panels were ready to be applied in 1906, but they were only placed in the 
lobby in 1915, one year before its inauguration. The final version of these panels show differences 
in some figures positions and architectonic elements when compared with the original draws. 
Where these changes made by Colaço´s choice or where they imposed by aesthetics or historic 
reasons?  
Despite the S. Bento railway station is not a single case study of this kind of practice within 
Colaços’s artwork in this communication we will highlight these issues in the framework of their 
inherent tangible and intangible values.  

Key-words: Colaço, Clientele, S. Bento Railway station, National Tile Museum, Photographic 
Sources 
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Apeiron – ᾄπειρον – and Havoc: Beauty in Aalto’s tiles 
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SUMMARY 
Classicism and medievalism come together in Modern Architecture as a symbol of the ancestry 
of man and of western civilization. Yet, such cross roads were also explored by architects to 
comprehensively develop their own styles. In addition, the overwhelming sense of an 
«international revolution» in architecture and civilization will produce a manifestation of regional 
cultures. In this context, the glazed tiles in Aalto’s oeuvre seem interesting to explore because 
they symbolise the erudition of classicism, the importance of craftsmanship and also, the 
importance of industry under the full control of human will. 

INTRODUCTION 
Had not Xenophanes created the apeiron, Aalto’s tiles would never have been created!  
The symbolic representation of the apeiron in the Doric, Ionic and Corinthian is certainly a motif 
that links them and its metamorphosis into a coloured tile that has acquired special significance 
in Aalto’s oeuvre. Yet, in Aalto the outer circle of the anathyrōsis has acquired some life of its 
own. Perhaps as a consequence of an intricate multiple reference in which post-Enlightenment 
analytical construction regarding pillars, floor slabs and walls combines with cubist ideals. 
Namely, work on the essence of the object in space-time and the expressionist unity between an 
inner and outer world of mind are to be expressed par excellence through the object. 
The presence of the tile expresses and combines different arguments where the classical tradition, 
the vernacular tradition and craftmanship coincide. Herman Gesellius, Armas Lindgren and Eliel 
Saarinen had already given a high erudite and mature interpretation of the tiles at the Helsinki 
Central Railways Station and established some equivalence in relation to materiality and aesthetic 
expression from tile to plaster and to stone.  
Aalto’s famous curved tile presents breadth that is permeable to work in a sense of scale that 
combines the Classical and the Functionalist. A sense of architectural promenade that may 
suggest a quantum continuum, and that is a multidimensional infusion of the individual into space. 
This is due to several strategies and includes the distribution of tile within space. Thereby, 
emerges the sense of tile as a structural surface that disputes its rule with both finished and coated 
layers with main structural parts of the building. All of which can be regarded as a critical 
constructivist reading, and as ornament.  

THE ROLE OF THE ORDER: PROPORTION AND ORNAMENT 
Aalto’s glazed tiles present a comprehensive criticism of the column in which it becomes a spatio-
temporal element that organises the architectural discourse and our presence in it. And Aalto used 
a few colours, too. The distance from the floor to the line where tiles start is always different from 
the distance where they end to the ceiling. There is a clear discourse that is also tectonic by 
identifying the different parts of the architectural composition of space. Yet, Aalto’s curved 
glazed tiles display a certain depth. They are actual three-dimensional elements. So, on a similar 
way to Eliel Saarinen’s green glazed tiles in the Helsinki Railway station, Aalto’s tiles construct 
a three-dimensional surface of solids and voids whose vertical expression owes much to the 
apeiron of the Greek columns. 
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Aalto’s attitude also means that he reversed the classical order extensively because the base and 
the top appear free of any ornament and the later has been moved to the body of the column. This 
means that Aalto actually had a deep knowledge of classicism and the simplification of volumes 
provided by the Architects of the Revolution was short to answer the problems of the 
Functionalism.  

GLASS STORIES: ART AND NATURE  
Aalto’s glazed tiles wouldn’t have been possible without the emergence of the new Finnish 
artistic glass that comprises a whole approach to glass materiality and colour from craftmanship, 
to design, to sculpture. This is a tradition that was renovated along with the development of 
Modern Architecture and deserves attention. This is an artistic environment where artist met, 
architects, designers and sculptors certainly worked on ideas of glass and ceramics expression 
that mingled intricately.  
Culturally, to the Finns, all development from the craftmanship to the industrial through the 
aesthetic was synonymous with Finnish sisu that can be translated as perseverance, but never-
ending-perseverance could be a better translation. If one aims at a complete and comprehensive 
story that may bring craftmanship to state-of-the-art technology, glazed tiles are certainly at the 
core of such story and Aino-Marsio and Alvar Aalto are certainly privileged actors. Aalto’s 
oeuvre also takes us to the debate of the role of classicism in Modern Architecture. The 
representation of the apeiron – ᾄ πειρον – in Aalto’s columns synthesize an ancient tempo former 
to the classical where the intellectual work and craftmanship were not two distinct ideas. Perhaps, 
there were many ways of inquiring into history, but the heuristic exploration of bricks and glazed 
tiles held by Aino-Marsio and Alvar Aalto was certainly remarkable and needs further 
exploration. 

Key-words: Aalto, Saarinen, tiles, Finnish, Functionalism 
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SUMMARY 
Portuguese 17th century majolica tiles, or azulejos, are coated with a white opaque lead-tin glaze 
typically decorated with in-glaze polychrome patterns. These tin-opacified glazes exhibit a 
heterogeneous microstructure due to the presence of the opacifying crystals of cassiterite (SnO2), 
gas bubbles and a variable amount of crystalline particles dispersed on the glassy phase. In 
archaeometric studies of glazed ceramics, the chemical characterization of the glassy phase in 
glazes provides information about the base composition of the glaze, thereby contributing to the 
distinction of production centers and periods. 
In the present study, the chemical composition of the glassy phase of glazes from azulejos dating 
from the late 16th to the early 18th centuries is presented. The glaze samples were collected from 
a set of twelve azulejos from the National Tile Museum (Museu Nacional do Azulejo), of which 
ten are attributed to Portuguese production and two have an uncertain provenance, one is 
seemingly from Portugal or Spain and the other from Flanders or Spain. The analysis was 
performed by X-ray electron probe microanalysis (EPMA) on polished cross-section samples, in 
regions free of particles and without painting, to avoid contamination by colorants. Results 
revealed that the glassy phases are lead-alkali silicate glasses with contents of SiO2 in the range 
55-61 wt%, PbO between 20-28 wt% and total alkali (Na2O + K2O) contents in the range 7.1-9.2 
wt%. The contents of CaO are very low, usually not exceeding 1.5 wt%, whereas the contents of 
Al2O3 are relatively high, in the range 4.4-6.5 wt%. The glassy phase of the azulejo presumably 
from Flanders or Spain contains a much lower content of Al2O3 (ca. 2.5 wt%) and the highest 
content of CaO (ca. 2.5 wt%) than those of Portuguese azulejos, which indeed point to a non-
Portuguese origin. The glassy phase of the azulejo from Spain or Portugal is comparable to those 
of Portuguese production. In a general way, the compositions obtained for the glassy phases of 
Portuguese azulejos show higher contents of SiO2 and Al2O3 and lower contents of CaO than the 
compositions reported for glazes of Renaissance Italian majolica from Urbino and Pesaro.  

Key-words:  Azulejos, majolica, glazes, glassy phase, EPMA. 
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SUMMARY   
Studies of provenance of ceramic items or most other heritage specimens usually rely on 
analytical quantification followed by some form of “objective” decision-making to aggregate 
clusters of (hopefully) objects with the same provenance. Such studies often produce an 
impressive array of instrumental results, out of which it is increasingly difficult to make sense, 
even when the researcher is personally certain that there must be some way to extract a measure 
of reasonably trusty conclusions from the data. Looking for objectivity to base the conclusions 
the researcher will apply a number of numerical methods some of which stemming from the 
statistical treatment of the data. However, there is a catch in all those methods and it is the same 
in all statistical decision-making: at some point the researcher is always called to make a 
subjective decision. Why exclude from a cluster another result very near its limits in the graphical 
representation? How to know whether a point included in a boundary is not actually an outlier 
from some other different cluster? Or, in general, what are the critical values of the test statistic 
that separate the rejection from the non-rejection region?  
We are not going to propose a solution ruling away all subjectivity. On the contrary, we shall 
discuss another subjective approach to help cluster glazed ceramic specimens based solely on 
spectroscopic spectra but applicable to other analytically complex objects. A compelling feature 
is that it does not require quantification, resorting directly to the graphical spectra themselves and 
the subjectivity derives from the need to verify whether the closeness between spectral results is 
sufficient to grant tentative clustering. In this method special attention should be placed on using 
the same analytical equipment and the same conditions (e.g. the same acquisition time) to acquire 
the spectra and used under the same conditions. If conditions differ, they may affect the relative 
size of peaks and the evenness of the baselines making comparability more difficult.  
Glazed ceramics offer at least two different spectra for comparison, those acquired from the glaze 
and those acquired from the ceramic body. Information from both can be useful to attribute the 
items their provenience. A similarity of ceramic bodies might suggest a same geographical origin 
and a similarity of glazes might point to the use of a same formulation or workshop. 
But spectra are not just graphs in an x-y coordinate system - peaks have a chemical meaning and 
can be translated into elemental contents if one knows the material and has the means for that 
second step. In all cases they offer a wealth of information but it is necessary to know how to 
interpret them and for that is necessary knowledge about the materials, the analytical techniques 
used, and the counterparts of the analytical results. 
In this paper, we discuss the elemental nature of glazes and ceramic bodies and explain their 
consequences on the approach proposed. Although we have also successfully used this approach 
with spectra obtained on sites with an energy-dispersive X-ray fluorescence (ED-XRF) portable 
analyser, we shall exemplify it solely with spectra acquired by scanning-electron microscopy 
coupled with energy-dispersive spectroscopy (SEM-EDS). The examples pertain to our on-going 
research with faience azulejos. 
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Figure 1 – EDS spectra of azulejo samples (red) and (green) of different provenance- the peaks 

of Si have been equalized and, as can be seen, the peaks of Al, Pb and K differ substantially. 

This is not a solve-all method but rather one that has borne fruit for an initial screening and the 
formulation of arguable hypotheses as to the possible clusters. The full method proceeds with a 
study of the morphology of the glazes, their composition as pertains the Si/Pb ratio, the ceramic 
bodies again based on the simple but highly significative ratio Ca/Si and the mineral inclusions 
found in them. But that is a subject needing a few more papers to develop… 

Key-words:  Provenance studies; majolica; archaeometry; tiles, XRF, SEM-EDS. 
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SUMMARY 
During the 19th century, tiles (azulejos) started to be used mostly in urban façades, a novel 
application that opened the way for the “faience towns”. However, by the late 1930s, azulejos 
were considered something outdated, unworthy of integration in the modern architecture [1]. As 
earlier discussed by the authors [2] with the reintroduction of the azulejo in Brazilian modern 
architecture during the 1940s, its role as a regional marker rooted in a prestigious history was 
recognized by young Portuguese architects who started integrating them in modern 
constructions in the first half of the 1950s. 
During the first years of the 20th century, the progress of Porto was marked by a significant 
urban expansion to the outlying areas with a progressive incorporation of the rural zones [3] and 
stands as a Portuguese town where modern azulejos were used not only in a striking number of 
works, but also with great creativity.  
Some studies have been undertaken, specifically in the field of art history of the modern 
movement in Portugal, with the identification of modern azulejos in public spaces in the main 
Portuguese towns [4-7]. information relating to integrated modern azulejos in Porto city is 
scant. The authors believe that these cases are worth paying attention to, not only because they 
mark an architectonic period in the city, but also because of their originality at the European 
level. The discussion considers all use of glazed ceramics with decorative content. Table 1 
shows the cases found in Porto and Vila Nova de Gaia in a first review (48 and 3 respectively). 

Table 1 – Number of azulejos found in Porto and Vila Nova de Gaia 
Cities Number of cases 
Porto 48 

Vila Nova de Gaia 3 

All cases are considered from the point of view of a street walker and sometimes a pattern can 
be found in several different buildings with different possibilities of position, creating new and 
totally different compositions (Figure 1). Occasionally the glass mosaics Evinel or even 
marmorite were used in harmony with azulejos which were options that often complemented or 
replace azulejos as linings of the modern buildings. 
One interesting aspect in Porto is the fact that several buildings have interesting azulejo 
integrations in streets of low-cost housing where a cheaper solution might be expected. Most 
cases depict a modern repetitive pattern, in general with a simple design, that may be locally 
produced and often found at street level or covering most of the façade. In most of the cases, 
such patterns are rarely seen in Lisbon and, as far as the authors know, they are not found in the 
literature.  
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Figure 1 – Three geometries of application with the same pattern. Left: R. de Júlio Dinis Nº 
896; centre: Av. da Boa Vista Nº 1624; right: Av. da República Nª 1473 (Vila Nova de Gaia) 

It is important to note that aesthetic value is decreased or even lost when the decorative glazing 
has decayed, once the impression is affected by both the alteration of colours and design and, 
even by the loss of the azulejos themselves, modifying the entire composition. Therefore, 
conservation is essential to enable the recognition of modern azulejo linings as a heritage asset 
representing a unique movement in Europe. 

Key-words:  Azulejos, Porto, modern architecture, Portugal 
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SUMMARY  
The repercussions of lichen colonization on glazed tiles have not been studied, leaving institutions 
that detain glazed tiles with the difficult decision of whether to remove the lichens or not. Glazed 
tiles are part of the cultural identity of countries worldwide where they have been traditionally 
applied and are therefore part of the Portuguese cultural heritage [1]. Glazed tiles are often located 
outdoors which causes them to be frequently colonized by lichens, which in turn interferes with 
the readability of tile claddings and can cause irreversible physical decay (Fig. 1). Given the high 
importance of glazed tiles, their preservation is an urgent need, since lichens can cause 
irreversible losses on inorganic substrata.  Lichens can be damaging on stone and ceramic roofing 
tiles, causing physical and chemical decay of the substratum due to the penetration of structures 
and acid excretion [2–4]. Although ceramics are resistant materials, outdoors they become 
exposed to diverse threats, including biodeterioration which can cause severe damages. Little is 
known about the biodeterioration of glazed tiles, compared to that of other inorganic materials 
[5]. However, the studies regarding glazed tiles have focused on the identification of bacteria, 
cyanobacteria, algae and fungi, excluding lichens which are also tile colonizers. Lichens can grow 
on various substrata, as a symbiosis of phototrophic microorganisms and a fungal partner, allows 
them to be highly adapted to extreme environments [1]. Typically the fungus is responsible for 
most of the organism’s structure providing shelter for the exchange of carbohydrate produced by 
the photosynthetic partner. Lichens can therefore inhabit a much wider variety of habitats and 
conditions.  
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Figure 1 – Tiles colonized by lichens. Hispano-mouresque tiles from Sintra National Palace (Sintra) with 

little epilithic lichen thalli, some of them coalescent (A), majolica tile from Sintra National Palace (Sintra) with big 
white epilithic lichen thalli and yellow-orange thalli of another species (B), majolica tile from Fronteira Palace (Lisbon) 

with yellow-orange lichen thalli, only on the surfaces without glaze (C) and high relief majolica tile from Fronteira 
Palace (Lisbon) with white and yellow-orange lichen thalli, only on the surfaces without glaze (D). 

The main goals of this project will be to elaborate an inventory of the type of colonizer, identify 
which organisms or organism assemblages contribute in a major way to biodeterioration and to 
establish the climatic factors related to the colonizers occurrence. In the present work a 
preliminary list of tiles claddings colonized by lichens is presented. 

Key-words: Glazed tiles, ceramic, lichens, biodeterioration 
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SUMMARY: Intending to analyse the signatures found on Portuguese azulejos since the 
beginning of the 16th century until the middle of the 18th century, this article is part of a wider 
study which aims to compare the common practices of Modern Age artists’ workshops, in terms 
of authorship, with those of the second half of the 19th century (and beginning of the 20th 
century), following a new paradigm, rooted in the establishment of Fine Arts academic teaching 
in Portugal. Conscious that studies on Portuguese azulejos rarely explore all the information 
about signatures and authorial marks, systematization of signatures as proposed here paves the 
way to the emergence of specific questions, such as: What could make a tile painter not sign his 
work?; How can we explain the larger number of signed tiles in specific periods?; What was 
the real meaning of complementing the signatures with expressions like “f.”, “fecit”, “fez” 
(did), “pintou” (painted), “inventou” (invented), “copiou” (copied), “restaurou” (restored), 
and others, particularly if we consider the fact that painters usually had apprentices and 
collaborators?; Can we really think about a conscious creative individuality behind these 
signatures?; What kind of resources and strategies have tile painters used to embellish, 
highlight or even dissimulate their authorship marks? 
 
KEY-WORDS: azulejos (tiles), painters, signatures, Portugal 
 
 

INTRODUCTION 
In the early 20th century, the authorship of the Portuguese azulejo (glazed tile) was widely 
discussed by Art History. Liberato Telles1, José Queirós2 and Vergílio Correia3 were some of 
the authors who, at an early stage of the tile studies, were more concerned with collecting lists 
of signed and dated azulejos. The compilation of signatures and related records allowed for the 
creation of artistic corpora that still help researchers in what concerns attributions, thus 
progressively increasing the number of works associated to each painter. Nevertheless, the 
studies on Portuguese azulejos rarely explore all the information about signatures and 
authorship marks, in order to overcome the mere identification of the author and the year.  
Indeed, even at an international level, many authors argue that the issue of signatures has never 
been properly explored by Art History4. However, this does not fully correspond to reality, as 
there are several reference articles on this subject discussing this particularly rich and complex 
phenomenon, which is that of signatures in painting. Issue 26 of the Revue de l'Art (1974) is 
precisely dedicated to "L'art de la signature", with ten articles on this theme. The one by Jean-
Claude Lebensztejn5 stands out for the typology enunciated, later used by many of the 
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researchers who address artists’ authorial marks. Other important essays were written by Omar 
Calabrese and Betty Giant6 from a semiotic perspective, or by Patricia Rubin7, in which she 
analyses a series of cases of Renaissance art, in an approach that goes far beyond the 
identification of signatures, putting them into context and giving them other meanings. 
Interesting to us is the evolution she traces on signatures as documents8. 
Returning to the azulejo, the present paper is part of a much wider approach aiming to reverse 
this situation by encompassing a deeper analysis on signatures in Portuguese azulejos within a 
time period running from the beginning of the 16th century to the first decades of the 20th 
century9. The choice of such a wide time-span will allow us to compare the common practice of 
the artists’ workshops of the Modern Age, in terms of authorship, granting us the opportunity to 
clearly identify periods with a larger number of signed tileworks, in contrast to others for which 
almost no authorial marks are known. Moreover, this long period of time allows us to propose a 
correlation between the greater or lesser presence of signed tileworks with the typologies of 
azulejo coverings that were predominant in each epoch and the inherent production practices. 
Also, it leads to issues of painters’ social status as well as of the artistic and cultural context. 
However, due to the constraints of an article, we will move only one step forward by 
systematizing the identification of variations, abbreviations, numbers, Latinizations, ornaments 
or complementary expressions from the beginning of the 16th century to the middle of the 18th 
century. All the information used is available online, organized in photographic albums and in a 
timeline, thus contributing to different and new data visualisations10.  

THE FIRST “SIGNATURES”  
Concerning the long history of Portuguese azulejos, and with the exception of drawings made 
by artists, architects or designers from the middle of the 20th century, pattern tiles are usually 
anonymous, either as regards the design of the compositions11 and the painting, executed 
serially and without a sense of individuality. In any case, in the 19th and 20th centuries many 
factories became "authors", identifying on the backside (tardoz) the place of production. 
However, there are different options: while the signatures of painters are included in the space 
of representation, these of the factories are usually separated from the images12 and are 
commonly more mechanical marks (made with a mould) than true signatures. In fact, they are 
often intrinsic to the object itself and are hidden from the observer, albeit in a more or less 
visible way: either before its application – in the case of tile, which is a mobile art that only 
makes sense integrated into the architecture – or in the case of a removal. 
Thus, and in an extended perspective that considers as signatures all the declarations of 
authorship, even though they may not have been made by the authors themselves13 the oldest 
authorial mark known in Portugal is of Niculoso Francisco Pisano14 (mid-15th century-<1529). 
Although the provenance of the Visitation panel (c. 1504), now in the Rijksmuseum (BK-NM-
11727) remains unknown, it belonged to D. Fernando II’s collection. As can be seen on other 
panels painted by him, Niculoso wrote his name on a phylactery – NICVLOSO ITALIANO / ME 
FECIT – out of the representation space. 
In Portugal, the first signature remaining in situ, despite of not being in its original space, is of 
Antwerpian origin. We refer to the monogram "F IAB" and the date "1558" present in an 
azulejo of the covering that tells the story of Tobias, originally applied in the Paço Ducal of 
Vila Viçosa (two panels are now integrated in the collection of the National Azulejo Museum)15. 
Considered as the first majolica decoration applied in our country, this covering was associated 
by Santos Simões to the Antwerp production and, in particular, to the Den Salm workshop, in a 
perspective followed by other researchers16. However, despite the identification of a similar 
monogram in the Antwerpian production, the meaning of the initials "F IAB" remains unclear. 
Santos Simões interpreted it as Fecit Joanes A Bogaerts, thus associating these azulejos to one 
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of the painters named Bogaerts (father and son) active in Antwerp in this period17. On the other 
hand, Claire Dumortier identifies Jan Bogaerts at the Maeght van Gent pottery, and argues that 
only the Den Salm pottery would be able to produce tiles of this technical quality, approaching 
them to others associated with the same provenance18. At the time of this commission – 1558 – 
that pottery was directed by Franchois Frans, who married the widow of Guido Andries. For 
this reason, Dumortier chooses to attribute the tiles of Vila Viçosa to this pottery under the 
command of Frans, but without recognizing the monogram, which she claims to belong to a 
painter as yet unidentified19. 
The issue of monograms related to Northern European ceramic production is very relevant in 
this context, because another codified name was found in the azulejos covering a space right at 
the entrance of the sacristy of the Convent of Graça, in Lisbon, with representations of 
Mannerist motifs20. The comparison between tile painting and archival documentation allows 
researchers to identify this "symbol" of HG and the number 4+ (and the associated name) as the 
signature of João de Góis (act 1553-c.1590). Of Flemish origin and established in Portugal, this 
"oleiro de azulejo e malega" (potter of tile and malega)21 worked with his brother, the painter 
Filipe de Góis. In this case, it should be highlighted that the signature on the tiles is not that of 
the painter, but that of the potter, at a time when the importance of pottery as a space of 
technological innovation (at the level of glazes and ceramics paints), assumes a greater 
relevance if compared with the "status" of the painter22. On the other hand, and observing the 
existing studies23, the signatures with monograms are inscribed in the tradition of Nordic 
painting and engraving, and also of the ceramic production itself, which is of particular 
relevance in what concerns the introduction of majolica in Portugal. 
The next known signature is from Francisco de Matos, who in 1584 signed the covering of the 
Chapel of São Roque, located in the homonym church in Lisbon – "FR CO DE MATOS 1584". 
Associated by other researchers to the same Matos family is the fragment with the letters TOS 
existing in Quinta da Bacalhôa, Azeitão24. 
Thus, between 1558 and 1584, there was an unfolding of the signatures in Portuguese azulejos, 
which became immediately readable, leaving "unforeseen" places or forms25, which would 
easily go unnoticed, into spaces where they are immediately visible and comprehensible, as 
happens in the Church of São Roque (see table 1). 
 

Painter Place Date Signature 
Niculoso 
Francisco 

Visitation, Rijksmuseum (BK-NM-
11727) [from D. Fernando II collection] 

 
 
1504 

NICVLOSO 
ITALIANO / ME 
FECIT 

Not identified Vila Viçosa, Paço Ducal 1558 F IAB 1558 
João de Góis 
(potter) 

Lisboa, Church of the former Convent 
of Graça, space before the sacristy  

 4+ / J(…) HG de 
g(…) 

Francisco de 
Matos 

Lisboa, Church of São Roque, Chapel of 
São Roque 

1584 FR CO DE MATOS 
1584 

Not identified Azeitão, Quinta da Bacalhôa  (…)TOS 

Table 1: 16th century signatures 

THE IMPORTANCE OF SIGNATURES IN THE BAROQUE PERIOD 
Even though some researchers who most valued signatures affirm that "from now on, tilers and 
potters have begun to date and to sign their works (...)"26, we would have to wait until the last 
decades of the 17th century to find new signatures in tile painting, again, many of foreign origin. 
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This change coincides with a significant modification in the tilework itself. From the second 
half of the 16th century until the beginning of the 17th century, a number of coverings of Dutch 
origin were applied in Portugal signed by the painters Jan van Oort (1645-1699) and Willem 
van der Kloet (1666-1747) (see table 2). At the same time, national production slowly abandons 
the polychrome patterned azulejos that had marked the previous decades and figurative 
coverings executed, like the Dutch, in blue over white, began to emerge. This opened the 
important narrative cycle marked by the full coverage of spaces or by the articulation between 
azulejos and other artistic forms, such as gilded woodwork and oil and ceiling paintings, which 
would characterize the Baroque period, highlighting it as one of the most relevant in the history 
of Portuguese azulejos. 
 

Painter Place Date Signature 
Jan van Oort Lisboa, Convent of Cardaes, Church <1687 

[?] 
J : Van : Oort / A : 
Amst : fecit : 

Willem van 
der Kloet 
 

Lisboa, former Palace Galvão Mexia, 
Chapel 

1707 Willem / van der 
Kloet fec. 

Sítio da Nazaré, Sanctuary of Nossa 
Senhora da Nazaré 

1708-
1709 

 
W. V D, Kloet f 

Table 2: 17th and 18th century foreign signatures 

Jan van Oort and Willem Van der Kloet signed their works in visible places, indicating the 
name (complete or abbreviated), associating the expression fecit or just its abbreviation – fec. or 
f. – and, in the case of the first, the abbreviation of Amsterdam, a situation that will only be 
repeated later with Teotónio dos Santos (1688-?) and the tiler Bartolomeu Antunes (1668-
1753). In the context of Van der Kloet’s works, it is interesting to note that the tiles applied in 
Portugal are signed. 
As regards Portuguese azulejo painters, it is important to analyse their signatures according to 
various criteria – textual content and placement. Let us begin by making a summary of the well-
known painters and their signed works, all of them figurative (see tables 3, 4, 5 and 6): 
- Gabriel del Barco (1648-?), was a Spanish painter who established himself in Portugal from 
1669 onwards, signed sixteen works (it is known from documentation that he painted another 
one, now lost), from the north of the country to the Alentejo, in a chronological period between 
1689 and 1700 (fig, 1); 
 

 
Fig. 1: Gabriel del Barco, Arraiolos, Church of the former Convent of Lóios 
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- Garcia Ramires, about which nothing is known other than an azulejo signed and dated 1691, 
related to an eventual commission of tiles for the former Francesinhas Convent (Lisbon), from 
which came the tile that is now in the National Azulejo Museum; 
- Raimundo do Couto (act. 1684 - m. 1711), who, like Gabriel del Barco, was also a ceiling 
painter, signed a single work possibly dated from the first decade of the 18th century; 
- António Pereira (associated by some researchers with the easel painter António Pereira 
Ravasco27) signed three azulejos coverings, one in Portugal and two in Brazil; 
 

       
Fig. 2: António de Oliveira Bernardes, Évora, Church of Nossa Senhora da Cabeça 

Fig. 3: Master P.M.P., Barcelos, Church of Terço, main chapel 

Fig. 4: Policarpo de Oliveira Bernardes, Viana do Castelo, Church of Misericórdia (photo by 
Santa Casa da Misericórdia de Viana do Castelo) 

 
 
- António de Oliveira Bernardes (1668-1732), who owned the most important painting 
workshop in Lisbon in the first quarter of the 18thcentury, even for its multidisciplinary nature – 
his workshop produced tiles, canvas and mural paintings –, signed at least eight coverings (fig. 
2); 
- Policarpo de Oliveira Bernardes (1695-1778) continued his father's workshop in the area of 
azulejos, signing works since the 1720s, a total of eight known with signature (fig. 4); 
- Manuel dos Santos signed three azulejo coverings; 
- Master P.M.P. signed three azulejo coverings whose signatures still exist, although there are 
references to other works that have disappeared (fig. 3); 
- Teotónio dos Santos (1688-?) signed two azulejo coverings; 
- Nicolau de Freitas (1703-1765) signed three azulejo coverings; 
- Bartolomeu Antunes (1668-1753), who was not a painter but a tiler, signed five azulejo 
coverings, two of which were complemented by the signature of the painter, his son-in-law 
Nicolau de Freitas. 
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Painter Place Date Signature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gabriel del 
Barco 
 
 
 
 
 
 
 
 
 

Évora, Convent of Espinheiro, main 
chapel 

 
1689 

 
B.co 1689 

Barcarena, Estate of Nossa Senhora da 
Conceição, Chapel of São João 
Baptista 

 
 
1691 

 
D. Gabriel del  / 
Barco F. 1691 

 
Braga, Church of São Victor 

1691 
[?] 

 
G. B 

Ílhavo, Church of Penha de França 1694 G.l B.co 1694 
Azulejo [MNAz, inv.º 402] 
[provenance: Manor of Santar] 

 
1695 

 
Barco F. 1695 

Lisboa, Palace of Domingos Dantas da 
Cunha, garden in Torel 

 
1695 

 
[disappeared]28 

Lisboa, Palace of Independência 1696 Gabriel  d(...)  |  Gel 
Barco. 

Lisboa, Museum of São Roque 
[provenance: house in Largo do 
Terreiro do Trigo] 

1697 G. Bco. 1697 

Lisboa, Palace of Condes da Ponte 1697 G.el del Barco F. / 
1697 

Beja, Church of Nossa Senhora dos 
Prazeres 

 
1698 

 
G.el B.c F. / 1698 

Lisboa, House in Calçada dos 
Cavaleiros 

 
1698 

 
[location unknown]29 

Évora, Church of São Tiago 1699 Gabriel del / Barco 
F. / 1699 

Lisboa, Church of São Bartolomeu da 
Charneca do Lumiar 

 
1699 

 
G.el B.co F. / 1699 

Évora, Church of São Mamede, room 
of the Brotherhood of Blessed 
Sacrament 

1699 
[?] 

Gabriel barco fez /  
na era de 1699 [?] 
(...) / / [...] qua (...) / 
esta 

Arraiolos, Church of the former 
Convent of Lóios 

1699
-
1700 

(…) Briel del / 
(…)arco F 1699   |  
GABRIEL DEL / 
BARCO F. 

Lisboa, house in São Bento area 
[MNAz, inv. 373 e 373A] 

 
1700 

Gabriel del  / Barco 
F. 1700 

Garcia 
Ramires 

Lisboa, azulejo of single figure 
[MNAz, inv. 384] [provenance: former 
Convent of Francesinhas] 

 
1691 

GARCIA RAMIRes / 
ERA de 1691 a 

Table 3: Late 17th century signatures 
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Painter Place Date Signature 
Raimundo do 
Couto 

Lisboa, Palace of Marquês de Tancos  Rm. Docotto / fecit 

 
António 
Pereira 

Brazil, Recife, Golden Chapel of 
Ordem Terceira de São Francisco 

1702 -
1703 

An.to p.ra Fec. 

Brazil, Salvador, Palace Saldanha  An.to p.ra f.ct 
Vidigueira,Church of Misericórdia  An.to p.ra f. 

 
 
 
 
 
 
 
 
António de 
Oliveira 
Bernardes 

Évora, Church of the Convent of São 
João Evangelista [Lóios] 

 
1711 

Antonius ab oliva 
fecit. 1711 

Ponta Delgada, Church of the 
Monastery of Esperança, lower choir 
and dormitory 

1712 An.to deoliura Bd.es  
/ fecit | ra Bernd. 
es  /  de 1712 

Lisboa, Church of São Domingos de 
Benfica 

 
 

An.to doliueira / 
berd.es fecit. 

Braga, Cathedral, Chapel of São Pedro 
de Rates 

 An.to doliura 
Bernd.es f. 

Braga, Convent of Pópulo, Chapel of 
Santa Apolónia 

 Antonius aboliua / 
inuentor 

Peniche, Sanctuary of Nossa Senhora 
dos Remédios 

 Antonius Aboliua 
B (…) / des, fecitt. 

Évora, Church of Nossa Senhora da 
Cabeça 

 An.to deolv.ra Bd.es 
ofes. 

Aldeia da Serra,Convent of Eremitas 
de São Paulo da Serra d’Ossa, former 
Chapel of the Bishop 

 An.to deoliura 
Berd.es / fecit. 

 
 
Master P.M.P. 

Estate of São José do Marco 
[provenance: former Convent of Nossa 
Senhora da Subserra] 

 
1713 

 
PMP. 

Barcelos, Church of Terço, main 
chapel 

c.1713 P.M.P. 

Setúbal, House of Corpo Santo c.1714 P.M.P. 
 
 
 
Manuel dos 
Santos 

Évora, former Convent of Espinheiro, 
Chapel of Senhor Morto 

 
c.1710 

m.el Dossan / to[s] 
o fes 

Olivença, Church of Misericórdia 1723 Pintou o M.el 
dossantos. / Anno 
de 1723 

Lisboa, Convent of São Bartolomeu do 
Beato 

 De M.el DosSantos 

 
S. Pedro [?] 

Coimbra, azulejos from the former 
College of São Pedro dos Religiosos 
Terceiros30 

 
1707 

S. PEDRO / 
PINTOR / SOV 
EV 

Table 4: Signatures of the Masters’ Cycle painters 
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Painter Place Date Signature 
 
 
 
 
 
 
 
 
Policarpo de 
Oliveira 
Bernardes 

Viana do Castelo, Church of 
Misericórdia 

1719 
-1721 

Policar / pus, / oliua / 
fecit. 

Braga, Church of Penha de França <1727 Policarpus aboli / ua fecit 
Almancil, Church of São Lourenço 1730 POLICARPO DE 

/OLIVEIRA BERes/ Pintou 
esta obra de azu / leio 

Setúbal, Fort of São Filipe 1736 Policarpus aBoliua Be.des 
Fecit, 1736. 

Porto Salvo, Chapel 1740 Esta obra mandarão fazer 
os devotos de Lisboa |  
Noanno de 1740 por P. D. 
Ber.des 

Viana do Castelo, Manor Barbosa 
Maciel (Museum), chapel 

  
Policarpo aboliva bdes  
pinxit 

Vila Viçosa, Church of Nossa 
Senhora da Conceição 

 Policarpo Deoliueira Bern 

Grândola, Church of Misericórdia  Policarpodeoliueyra 
Bernardes o fes, 

 
Teotónio dos 
Santos 

Viana do Castelo, Church of São 
Bento 

 
 

Theot.io dos S. tos I o 
Pintou 

Sátão, Sanctuary of Nossa Senhora 
da Esperança 

 theotonio dossantos 
opintou em Lx.ª 

Gualter Panel depicting Santa Brígida, in 
Museu Grão Vasco 

1729 S. BRIZIDA / Gter ME F 
1729 

 
 
Nicolau de 
Freitas 

Braga, Church of Terceiros de São 
Francisco 

1734 Nicolao de Freytas a fes / 
no anno de 1734 

Vilar de Frades, Church of former 
Convent, Chapel of Nascimento 

1736 Nicolao de Freitas, a 
Pintou. 

Funchal, Church of Recolhimento 
do Bom Jesus, panel on main 
chapel façade 

1744 N. S. do Monte do Carmo / 
Nicolao de Freytas Pintou 
Em Lxª no anno / de 1744 

Joaquim José 
Monteiro de 
Faria 

[mentioned by Santos 
Simões31panel depictingSaint 
Anthony, for sale in Holland in 
1949] 

1740 IOAqVIM:IOZE:MONTro: 
DE FArIA:0 FES:EM / 
Lxª: A 20 = DE 
YANEIrO: DE = 1740 / 
S:ANTONIO 

Table 5: Signatures of the Great Joanine Production’s painters 
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Tiler Place Date Signature 
 
 
 
 
 
 
 
 
 
Bartolomeu 
Antunes  

 
Vilar de Frades, Church of former 
Convent, Chapel of Almas 

1736 Bartholomeu 
Antunes a fes 
emLix.ª no anno de 
1.7.3.6. 

Matacães (Torres Vedras), Church of 
Nossa Senhora da Oliveira 

1736 B.meu Antunes / afes 
em Lix.a| Na era de / 
17.3.6 

Brazil, Salvador, Convent of São 
Francisco, main chapel 

1737 B.meu Antunes / afes 
nas olarias / em Lx.ª 
no de 1737 

Porto, Church of São João Novo, 
Chapel of Santa Rita 

1741 B.meu Antunes / a fes 
en Lx.ª nas / Olarias 
no anno de 1741 

Vilar de Frades, Church of former 
Convent, Chapel of Conceição 

1742 Bartholomeu 
Antunes / a fes em 
Lx.a nas olarias / 
noanno de. 1742 

Table 6: Tilers’ signatures 

 
Considering the contents of the signatures (see tables 3 to 6), note that all indicated their names 
mainly abbreviating first names and surnames. Only Policarpo de Oliveira Bernardes signs his 
full name at least once (Grândola, Misericordia Church). It is also in this workshop that 
signatures with Latinized names appear for the first and only time in Portuguese tiles, with three 
and four examples, respectively, for António de Oliveira Bernardes and Policarpo de Oliveira 
Bernardes. It should be noted that whilst António never Latinizes the surname Bernardes, 
reducing his name to Antonius aboliva, his son uses the same formula –Policarpus olive – but 
also other variants that include the surname. 
In the signatures of Portuguese tile painters from the late 17th and early 18th centuries, the 
general option was to use cursive, with only three cases of full capitalization of names: Gabriel 
del Barco at Lóios Convent in Arraiolos – GABRIEL DEL / BARCO F. (fig. 1); Garcia Ramires’ 
tile – GARCIA RAMIRes / ERA de 1691 a; and Policarpo de Oliveira Bernardes in the Church 
of São Lourenço, in Almancil – POLICARPO DE OLIVEIRA BERdes / Pintou esta obra de 
azuleio32. 
Unfortunately, the absence of precise dates does not allow conclusions on the changes in the 
way signatures were made by the same artist during his life, which would imply a meaning that 
escapes us. Even in the case of Gabriel del Barco, with sixteen signatures in twelve years, there 
seems to be no consistency in the alterations, which alternate between abbreviations and full 
names, although the latter option predominates since 1699 (with four examples out of five). On 
the other hand, in the case of large figurative compositions, there does not seem to be a direct 
link between the available space and the abbreviations or the use of the full names of the 
painters. In fact, there is only one signature inscribed in a "space" not made by the painter, in 
the Church of São Tiago, in Évora. There, the space available at the base of a column is 
relatively small, but this did not prevent Barco from writing his full name. 
These authorial marks were complemented by further information, and it was possible to 
identify only three cases without a complement33, and the signatures of Master P.M.P., that only 
exhibits these initials. It is worth noting, however, that there are examples by Gabriel del Barco, 
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such as in São Victor Church in Braga, where changes to the original covering are perceptible, 
thus truncating the signatures, which prevents their global reading and interpretation. 
The date of each work, which is restricted to the year, is very frequent, appearing in thirty-one 
of the sixty-six cases analysed. However, whilst Gabriel del Barco indicates the date in most of 
his signatures (12), António and Policarpo de Oliveira Bernardes are more restrained in using 
this complement, both indicating the year in only two coverings each. More sporadically, the 
year may be preceded by “era de”, “na era de”, “anno de”, “no anno de” (the age of, in the 
age of, year of, in the year of). An interesting aspect to underline here is the use of the 
expression "era", possibly as a way of conferring solemnity to these signatures since this 
expression was no longer used in Portugal since the late Middle Age. 
 

 
 
The use of verbs indicative of an action, e.g. relating to the involvement of the painter in each 
azulejo covering, are the most common signature complement, but with very different forms. 
The most usual refers to the verb fecit, which may appear in the form of an abbreviation –“f.”, 
“F.ct”– and, in Portuguese – “o fes” or “a fes”34. However, Gabriel del Barco never uses the 
word “fecit” unabbreviated, as does Antonio Pereira. 
Particularly interesting are the expressions used more rarely: António de Oliveira Bernardes, in 
the Chapel of Santa Apolónia (Church of Pópulo Convent, Braga), adds to his Latinized name 
the expression “inventor” (fig. 5); Manuel dos Santos, in Misericórdia Church in Olivença, 
indicates “Pintou o M.el dossantos” (painted by Manuel dos Santos); Teotónio dos Santos ends 
the signature always with the expression “o pintou”(painted it); and Nicolau de Freitas opts for 
this last solution in Vilar de Frades – “a Pintou”.  
Another case is that of Policarpo de Oliveira Bernardes, who in Almancil declares that he 
“Pintou esta obra de azulejo” (painted this tilework) and in Viana do Castelo, in the Barbosa 
Maciel House, adds “pinxit” to his name. 
The use of the expressions “pintou” (painted) seems to be explicit about the work done in a 
certain covering, and the apposition of these complements is quite revealing of the need to 
clarify who did what. To this extent, the hypothesis that António de Oliveira Bernardes' use of 
the expression “inventor” may indicate that in the case of the representation of the two 
moments of the life of Santa Apolónia, Bernardes was not only the painter but also the author of 
the compositions, in the sense that he did not copy or use engravings as a source of inspiration, 
a procedure that was quite usual among tile painters in Portugal. 
On the other hand, while Manuel dos Santos, in Convent of Beato in Lisbon uses the expression 
“De”(of), certainly as a way of expressing his authorship, Gabriel del Barco precedes his name 
by a capital “D.” in the Chapel of Estate of Nossa Senhora da Conceição in Barcarena (Oeiras) 
– “D. Gabriel del / Barco F. 1691”. Perhaps it was a synonymous of “Dom” and the way male 

Fig. 5: António de Oliveira 
Bernardes, Braga, Church of 
Pópulo Convent, Chapel of 

Santa Apolónia 
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Spaniards were treated in Portugal until very late, regardless of whether they were noble or not, 
therefore between them, and in a formal way, they used "D." before the name. 
Finally, it is important to mention the place where the work was performed, which appears in 
one of the signatures of Teotónio dos Santos, in the Sanctuary of Nossa Senhora da Esperança, 
in Sátão– “theotonio dossantos opintou em Lx.ª”35 –, and more frequently associated with the 
tiler Bartolomeu Antunes. In fact, in the Church of São João Novo, in Oporto, and in the 
Church of the Convent of Vilar de Frades, he even goes so far as to indicate the place of the city 
– “Bartolomeu Antunes a fes em Lx.a nas olarias(…)”. By observing other artistic modalities, 
for example, funerary art, the indication of the place had a clear advertising purpose. At that 
time, when there were no toponymic plaques or police numbers, an indication of a name and a 
city was sufficient for anyone interested in similar works to send a letter to Lisbon to an agent 
who sought the artist36. It was surely not by chance that the indication of the place where the 
work was executed appears more often associated with a tiler, who certainly negotiated also 
with non-figurative azulejos and, as such, without any signature. 
As regards the place of signatures in the compositions, it should be noted that in a number of 
cases the coverings were removed from their original sites or were significantly altered, which 
makes a consistent analysis impossible. This difficulty is particularly evident in the case of 
Gabriel del Barco who, considering the coverings still conserved in situ without apparent 
alterations, seems to have chosen discreet placements, which explains why some of these 
signatures have only recently been discovered. Looking at the set of signatures of the Spanish 
painter, one can notice that he often "opened" a space in the landscape, usually near the ground, 
or took advantage of an architectural element to inscribe his name. There is also the interesting 
case of the Room of the Blessed Sacrament in São Mamede Church, Évora, in which he used a 
roof to write a practically unintelligible phrase – “Gabriel barco fez / na era de 1699 (?) (...) / / 
(...) qua (...) / est”. These are examples of signatures in "unforeseen"37 or epigraphic38 places, as 
occurs in the Church of São Tiago, also in Évora. 
In fact, as it happened in canvas painting, most painters have opted to place the signature on the 
lower part of the compositions, which means that, in a covering, these marks remain close to the 
floor, although they may be prominent within the composition. However, if we consider that 
inside the churches the faithful would be kneeling or sitting on the floor, this positioning is not 
random or inconsequential.  
In other cases, as in the transept of the Church of São Domingos de Benfica, the signature of 
António de Oliveira Bernardes is slightly above eye level, but the fact that it is painted in blue 
over a blue background makes his name more imperceptible, a situation that is repeated in the 
chapel of São Paulo Convent in Serra d'Ossa. However, this is one of the painters who seems to 
have positioned his signature very carefully, making it visible and well readable, in an option 
that his son, Policarpo de Oliveira Bernardes, will accentuate even more. On the other hand, as 
Niculoso Francisco, António de Oliveira Bernardes is the only one to place a signature outside 
the figurative composition space, opting to highlight his name even more when he places it in 
the chapel of Santa Apolónia (Pópulo Convent, Braga) inscribed in a cartouche on the frame, in 
the axis of one of the doors (fig. 5). This fact allied to the expression “inventor”, already 
mentioned, reinforces the importance that the painter gave to this work. 
Finally, it is important to highlight the complementarity between signatures in the same space, 
as happens in Chapel of Nascimento, in Vilar de Frades, where the painter’s signatures in front 
of the tiler’s: Bartolomeu Antunes a fes em Lix.ª no anno de 1736 | Nicolao de Freitas, a Pintou. 
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DISCUSSION AND FINAL SYNTHESIS 
The present study is part of the research perspectives we have been developing related to the 
definition of the tasks of each agent in a tilework commission. However, rather than seeking to 
understand how the painter is organized and articulated with the other agents, we are interested 
in systematizing issues related to signatures on ceramic tiles, in order to be able to associate a 
series of questions for future discussion. 
As we have seen along these pages, the signatures or the authorial marks are, as expected, only 
associated with figurative coverings: in a first stage only with imported tiles and what is 
conventionally designated as the first Portuguese production, in the Mannerist taste; and, 
already in the last quarter of 17th century, related to the great narrative cycles executed in blue 
and white colours (see graphics 1 and 2). 
 

 
Graphic 1: Signatures overview showing the total number of signatures organized by centuries 

* There are also monograms in Quinta do Calhariz, dating from 1672, but their location does 
not allow us to see if it is a signature or a trademark featuring a box39. 

The older marks – the monograms – are certainly rooted in a tradition linked to Northern 
Europe, and the names of the authors are progressively unfolded. At the end of the 17th century, 
Gabriel del Barco signed a large number of coverings, and he is the painter with more works 
associated to his signature, using different variants. Like the painters of the next cycle, known 
as the Masters’ Cycle, the assumption of an authorial mark and the desire for authorship 
recognition seems obvious. If the so-called Master P.M.P. seems to use only an acronym almost 
as if it were a stamp, others use the handwriting closest to the signatures that can be compared 
with archival documents. Still others, such as the Bernardes family, Latinize the names and 
surnames, certainly as a form of association with classical and Roman tradition and a more 
erudite universe, exemplified by the “pinxit” expression used by Policarpo in Viana do Castelo 
(fig. 4) or, more generalized, the Latin form of facere – fecit. 
In the context of the Portuguese Mannerist painting of the 16th and 17th centuries (1570-1630), 
the defence of the liberality of painting and the pantry of the obligations from the mechanical 
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craftsmen related to the “Bandeira de São Jorge” was a victory of the oil painters, under the 
protests of the painters of tempera and gilders, who sought the same ascent and perks40. This 
created a distance between more erudite painting and another type linked to the decorative arts, 
which existed in theoretical terms but which could hardly be a practical reality, as can be seen 
for example in the documentation of the Brotherhood of St. Lucas, whose deed of undertaking 
allowed the entry of all those who dedicated themselves to the drawing41. 
 

 
Graphic 2: Signatures overview organized by number of potters, painters and tilers who signed 

their works and by their nationality 

 
From the second third of the 17th century these movements enter in a period of reflux and the 
defence of the liberality of painting "will be only laudatory", coinciding also with a period of 
greater number of commissions from gilding and “brutesco” painters to the detriment of oil 
painters42. 
At the end of the century two events again marked the artistic environment in Portugal, now 
with direct consequences on the azulejo painting. On 14 May 1689, D. Pedro II promulgated a 
law in favour of painting and sculpture43, "(...) excluding them from the status of mechanical 
craft and any “bandeira”, at the same time that he considered the art they exercised to be 
noble"44. It is a position that relates to broader political decision-making over who is noble45. 
The question that arises here is to see in what arena the tile painters moved, especially those 
who also engaged in other artistic modalities, including oil painting. Let us not forget all the 
attributes, so well expressed by Félix da Costa, that defined a painter, in which drawing stands 
out, considering that tile painters who do not know how to draw do not deserve to call 
themselves painters46. Years later Cirilo Volkmar Machado (1748-1823) ignores the tile 
painters (with the exception of Manuel António de Góis (1730-1790)), considering them 
unworthy to be called painters, not even referring to António de Oliveira Bernardes47. 
Thus, the signatures must be understood in this specific context in which recognizing the social 
status of the azulejo painters is difficult. In addition, they should be understood as a claim for 
recognition of an authorial mark, which distances the painters from the anonymous craftsmen, 
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to which they would be tied, even by the characteristics of the azulejos production, which 
requires the mechanical knowledge of the potter and the tiler48. However, it should be taken in 
consideration that at this time painters practiced different modalities, certainly as a skilful 
market strategy, to cope with a precarious situation. António de Oliveira Bernardes is the 
painter who is undoubtedly known to have practiced painting on easel, ceilings and azulejos, 
although he rarely combined them within the same space/work49, in a situation common to 
several painters of oil and tempera50. 
The second event referred to above is the promulgation of protectionist measures by the Council 
of State substantially on these dates, and known as the edicts of the Lisbon Customs. Thus, on 7 
August 1687, but with Customs registration on November 10, it was forbidden to bring in 
crockery and tiles from outside the kingdom, a restriction that was in force for about twelve 
years and was lifted in April 169851. It has been interpreted as an incentive for the production of 
national tiles, as part of a broader protectionist policy, and a stimulus for painters of other 
genres to also dedicate themselves to tiles52. 
Thus, it was not by chance that the first azulejo covering that is known signed by Gabriel del 
Barco dates back to 1689. Knowing that he painted in other artistic genres, there are no other 
works signed by him except azulejos, a situation that is repeated, although with occasional 
exceptions, in the case of António de Oliveira Bernardes. Although historiography insists that 
from 1700 onwards Bernardes was dedicated exclusively to tiles, known documents and works 
reveal that in his workshop different genres were practiced at the same time, but the azulejo was 
the privileged support for associating authorial marks. 
Social recognition sought by the azulejo painters of the Baroque period contextualizes and may 
explain to a certain extent the number of signatures identified53, but it does not answer other 
more specific questions and, in particular, the evidence of which only a very small number of 
works are signed. Which reasons justify the displaying of the signature in certain coverings to 
the detriment of others? Was it a selection determined by the importance of the work in the 
context of a workshop / painter? André Gonçalves, who was a disciple of António de Oliveira 
Bernardes, argued that only "invented" works should be signed, thus leaving out those that were 
inspired by engravings54. However, we easily identify the engravings that were used as the basis 
for signed coverings. On the other hand, although a systematic study on signatures in 
contemporary painting is lacking, the work of António de Oliveira Bernardes shows a single 
signature on a canvas, in Viana do Castelo – Antonius aboliva Bernardes fecit –, dated 171955. 
Is it possible to draw a geographical profile of signatures, understanding that they arise in 
strategic locations and may be directly related to issues of "advertising", as we have already 
defended elsewhere56? To this extent, by clearly identifying the author of the azulejos the 
signatures would serve as a way to make known the work of a certain painter, particularly far 
from the region where he had his workshop, paving the way for the appearance of new and 
more commissions. The signatures of the master tilers, of which Bartolomeu Antunes is an 
example, can be interpreted likewise. 
In any case, it seems indisputable that the apposition of a signature corresponds to the claim of 
individual authorship, which, in the context of the history of Portuguese tiles, explains why 
these arise in periods of accentuated and erudite narratives. This is particularly visible in the 
Masters’ Cycle, when the painters played in various arenas – oil painting and the decorative 
arts, which included the azulejo with very strong and indispensable relations with the world of 
potters and tilers. 
As the 18th century progresses, the signed works are in much smaller number and interestingly 
all the few signers were disciples of António de Oliveira Bernardes. In fact, the cycle of the so-
called Great Joanine Production did not favour the individualization of painting, and in the 
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mid-18th century signatures tended to disappear from Portuguese azulejos. The 1755 earthquake 
marked a return to patterned tiles and, in the context of Real Fábrica de Louça, ao Rato (1767-
1835), figurative production does not seem to have been signed, and no authorship marks in the 
second half of the century are known, although we recognize the rise of Sebastião de Almeida 
(1727-1779) as artistic director of Fábrica do Rato and the relevance that Francisco de Paula e 
Oliveira conferred on drawing, which he learned at his own expense57. The only exception is the 
Coimbra production and the work signed by Salvador de Sousa Carvalho58 (table 7) as well as 
the azulejos that cover the main chapel of the Sanctuary of Milagres (Leiria), executed in 1795. 
The painter José Rodrigues da Silva e Sousa (?-1824), from Fábrica do Juncal, left an indication 
of authorship at the end of the history about the sanctuary built by his grandfather, José da 
Silva: "E eu Jozé Roiz da Silva e Souza, neto do dito mestre Joze da Silva, fis este azuleijo e o 
mandei aqui colocar na Era de 1795"59. 
 

Painter Place Data Signature 
Salvador de 
Sousa 
Carvalho 
 

Museu Nacional Machado de Castro, 
provenance: Monastery of Santa Maria 
de Semide 

1784 No anno de 1784 fes 
Sousa Carvalho 

Coimbra, Casa-Museu Bissaya Barreto, 
entrance hall 

1780-
1790 

Salvador de Çousa 

José Rodrigues 
da Silva e 
Sousa 

Leiria, Sanctuary of Milagres, main 
chapel 

1795 E eu Jozé Roiz da 
Silva e Souza, neto 
do dito mestre Joze 
da Silva, fis este 
azuleijo e o mandei 
aqui colocar na Era 
de 1795 

Table 7: Salvador de Sousa Carvalho signatures 

Concluding, in spite of the different questions that still require an answer and concerning the 
situation of painters as well as the recognition of painting as a liberal art, the apposition of the 
signatures observed is indicative of an authorial intention, and reveals an attitude towards the 
work, whether is it conscious or not of an artistic personality. On the other hand, and as we 
stated, this article aims to systematize the known signatures on azulejos of the first Portuguese 
majolica production and the Baroque period, but broader research is required in which the 
comparison with the signatures and authorship marks present on tiles produced in other 
European centres is crucial.  
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SUMMARY:  The joining of the Iranian territories to the Caliphate and the spreading of Islam 
had a beneficial effect on the self-consciousness of Iranian artists. The result of this was the 
creation of the various types of designs and aesthetic effects of pottery production in the eastern 
Islamic lands of the IX-XI century. We are able to observe the variability of the principal stylistic 
features in Iranian pottery that are rooted in the fundamental changes under way in a certain 
society, its ideals, reappraisal of its values.  
This research represents a study of the glazed Iranian pottery, mainly from Nishapur (north-
eastern Iran), through the concept of artistic will, or volition - Kunstwollen.  
It will be represented through examination of the several sources of inspiration for Iranian artists 
as ways of their perception of the outside world and a subsequent transformation of the received 
ideas as impelling impetus to a transformation in art. 
 
KEY-WORDS: Iranian earthenware, ceramics from Nishapur, Kunstwollen Iranians’, 
Kunstwollen, Iranian identity 
 
 

INTRODUCTION 
The joining of the Iranian territories to the Caliphate and the spreading of Islam had a beneficial 
effect on the self-consciousness of Iranian artists. The result of this was the creation of the various 
types of designs and aesthetic effects of pottery production in the eastern Islamic lands of the IX-
XI century. 
We are able to observe the variability of the principal stylistic features in Iranian pottery that are 
rooted in the fundamental changes under way in a certain society, its ideals, reappraisal of its 
values, proceeding the ideas of  Alois Riegl and Hans Sedlmayr who are the bright representatives 
of Vienna School of Art History. 
The aforementioned changes in the spirit of people came as a consequence of the Muslim 
conquest, and in turn led to the emergence of a variety of artistic motifs in ceramics. Muslim 
conquest was the event resulting in transformation of a way of life, thinking, abilities to 
understand themselves, and with it a local population’s perception of the outside world. It is these 
changes in mindset, in turn, led to subsequent transformation of the received ideas from the 
different sources of inspiration as an impetus to a transformation in art. 
It will be represented through the examination of the several sources of inspiration for Iranian 
artists as the ways of their perception of the world. The clarity and usefulness of such approach 
will be substantiated through a study of the glazed Iranian pottery, mainly from the city of 
Nishapur. 
The present study is mainly based on the material discovered during the American excavations, 
organized by Metropolitan Museum of Art in the 1930s, and its subsequent publication by 
Ch.K.Wilkinson in 19731. In this edition, author examines a quantity of glazed and unglazed 
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earthenware excavated in the area of the city of Nishapur city. Ceramic items were divided into 
12 groups mainly based on differences in technological features such as various types of glaze, 
engobe, colour scheme.  
Furthermore, as it was indicated in aforementioned study, each technical peculiarity is associated 
with a particular stylistic solution and decorative motifs. It becomes evident, therefore, that there 
is a correlation between existing technology and aesthetic features of the item. In that regard, this 
study also aimed to find out whether the style of this pottery has resulted simply from a 
conjunction of available materials and current technology. 
The recent excavations which occurred in the area of Nishapur by the Irano-French archaeological 
mission between 2004 and 2007 also gave the meaningful finds. The project and recent 
publication of the results2 were aimed to refine the details concerning the foundation of the 
Nishapur on the one hand and to examine the ceramic production from the Sasanian times to the 
Mongol conquest on the other. Some results of this project will be presented in the following 
sections of the article. 

KUNSTWOLLEN 
As noted already, this research represents the study of the glazed Iranian pottery through the 
examination of the several sources of inspiration for Iranian artists as the ways of their perception 
of the outside world and the subsequent transformation of the received ideas as an impelling 
impetus to a transformation in art - in other words, through the concept of artistic will, or volition 
- Kunstwollen.  
It is necessary to clarify what is meant by the concept of Kunstwollen. The term ‘Kunstwollen’ 
was first formulated by Alois Riegl within the theory of art in his 1893 monograph3 on the genesis 
and the nature of Ornament. According to him, the origin of various types of ornament should be 
looked for in the attitudes towards the world of the artists who made it. The concept of 
Kunstwollen is associated with the process about how something becomes a piece of art. It is 
important to note that this process is not an imitation of nature; in contrast, it is complicated 
procedure depending on the aesthetic feeling and mindsets of the generation of people.  
In his following monograph4 (1901) the concept of Kunstwollen was regarded as an abstract 
feature of the period style cutting across different kinds of art. It represents a distinctive part of 
each period and a kind of period style. 
With regard to the translation of the term ‘Kunstwollen’ it consists of 2 words: ‘Kunst’ which 
means   ‘art, science, skill, artistry’ and ‘wollen’ – ‘to want, to need, to be intended to’. The 
semantic meaning of this word therefore refers to the internal intention, the impulse to the art. In 
the view of absence of an accurate translation in English, it is appropriate to utilize the German 
version in order not to lose philosophical aspect of that issue.  
In the view of the focus in this study on the art formation process, it is appropriate to examine 
certain historical and cultural conditions that surrounded the process of creation of ceramic items 
in Nishapur. 

HISTORICAL AND GEOGRAPHICAL BACKGROUND 
Nishapur was founded during the late 3rd century - early 4th centuries. According to some 
sources5, it was named after one of the Sasanian Kings Shapur I (3rd century) or Shapur II (4th 
century). But the results of recent excavations that were undertaken by the aforementioned Irano-
French Mission suggest that the town was founded during the end of 4th century6.  
The geographical position of the city made it a convenient and much frequented trading centre 
on the main caravan route leading to Fars, Kerman, Ray, Gurgan. Nishapur was located between 
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the mountains to the north and the desert to the south, forming a kind of a corridor for traders and 
people travelling from the areas of Minor Asia or Mesopotamia to Sogdia, India and China, and 
vice versa. In reference to this, it became clear that Yaqut, Arab scholar and geographer who was 
famous for his writings of the thirteenth century ‘Dictionary of Countries’, called Nishapur ‘the  
gateway to the east’7. 
Arabs broke into the city in the 7th century. Almost 100 years after the Arabic conquest, in the 
8th century the eastern territories of the Caliphate began to gain a political semi-independence. 
Nishapur began to play a significant political and cultural role in the region. Furthermore, it 
gained in the importance as an intellectual and scientific centre for Arab elites. All the considered 
things became possible thanks to the arrival of the Abbasid dynasty in the Caliphate.  
A point to bear in mind is that diversity of Nishapur’s ceramics related to Islamic period was 
made not earlier than the Abbasid era8.   
This state of affairs in conjunction with the mining of copper, iron, silver, turquoise created 
conditions for a rapidly developing pottery-making. As in the past, it was the most common type 
of handicraft in big cities. A thriving pottery production concerns to the late 9th – early 11th 
centuries. Incremental improvements of potter’s wheels and kilns are presented as a legitimate 
process. On the contrary, the abundance of the different types of techniques and technologies, the 
elaboration of the different glaze’s compositions, the appearance of innovations   represents a 
different picture as a more complicated phenomenon. It is suggested that there was a strong 
impetus for such technological advances. 

SOURCES OF INSPIRATION: CHINESE WORKS OF ART 
Returning to the role of the Nishapur as ‘the gateway to the east’, it is important to note that one 
of the main sources of inspiration9 for Iranian artists was China. Muslim religion, in turn, 
encouraged the search of new information and skills everywhere, as it is reflected in a well-known 
hadith: ‘Seek knowledge even as far as China’. 
The artistic search of Iranians led them to the Chinese items. They transformed them and created 
the distinctive art types of ceramic items, revising the Far Eastern tradition in order to create 
something authentic, complying with the Iranian discourse. 
It is necessary to clarify what is meant by the compliance with the Iranian discourse. There is a 
process of perception of certain forms and style as a whole. 
The perceptive side in the context of this article is Iranian culture with its artistic perception, 
which, in turn, is inherently a synthesis of the artistic aspirations of that era. Creators perceived 
new forms processing that information according to the modus of their vision. This procedure 
turned out possible by the recognition of the common elements.  The process of discerning and 
infusion of the new forms therefore is a kind of operation to find a common denominator. The 
modus of vision of the perceptive side, in turn, identifies the selection of the elements.  
It is therefore not quite a question of the influence. Shukurov, who is a historian and a theorist of 
Iranian and Eastern Mediterranean region’s art clarifies that referring to the influence of certain 
forms and styles, the perceptive side with a kind of adjustment mechanism towards the other is 
often forgotten10.  
With these points in mind, it is appropriate to begin consideration of result of comprehension of 
the Far Eastern art ideas. This result can be seen, for instance, in the case of the items inspired by 
Chinese ‘three-colour’ ware. The aforementioned Chinese earthenware, also known as ‘sancai’ 
ware, relates to the Tang dynasty (618-906). 
The external resemblance was achieved by different materials. Chinese wares consisted of kaolin 
that was not available in Islamic world where it was replaced by different clay composition. The 
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colour of this material ranged after firing from buff to red, whereas Chinese kaolin remained 
white even after firing. 
The body was covered by creamy white engobe. The engobe was applied before firing on the 
surface of item and hid the colour and porous structure of the body’s material. The second phase 
was a decorative coating: yellow, green, to a lesser extent, purplish brown were applied by the 
little spots and stripes. Finally, the glaze was applied on the item. 
The scattering of green particles does not allow an immediate detection of a prominent 
technological characteristic of lead glaze which is used for aesthetic purposes by craftsmen. The 
essence of this characteristic lies in the compositions of the paints. In contrast with the yellow 
and black paints, the green one has a copper-based composition, which runs along with lead glaze 
when firing. 
Transforming the Far Eastern ideas the artists from Nishapur combined the aforementioned 
coloristic decisions of Chinese items with the sgrafitto designs, which were scratched over the 
engobe. The lines of sgrafitto in this case turned black when the green glaze was applied11, which 
was the distinctive feature of this type of ceramic of Nishapur. 
These items, therefore, represent the manifestation of Kunstwollen. The Iranian artists possessed 
the necessary impetus to create. It was the main force, thanks to which they were in pursuit of 
ideas, not satisfying with the principles had already found.  
Iranian artists were also inspired by the snow-white items, which were imported mainly from the 
Hebei and Henan provinces12. The snow-white background of these wares became a basis for 
creation of a new ceramic’s type: a group of items with inscriptions on a creamy white ceramic 
surface covered with a transparent lead glaze. 

SOURCE OF INSPIRATION: ARABIC LANGUAGE 
Another source was the Arab world. Arabs, together with the graphic style of thinking, brought 
the order to the Iranian artistic tastes that had been formed before the birth of muslim religion. 
Iranian artistic thinking was formed through a religious mode of vision with its ritual side, 
different from Arabic. 
Iranian Kunstwollen can also be traced through the example of the ceramic items with Kufic 
Arabic inscriptions on a creamy white opaque ceramic surface. This group of ceramic items is 
significant in the context of this article not because of its technological characteristics, that were 
described by Wilkinson13, but due to its artistic decision.  
The dishes and bowls are embellished with Arabic inscriptions in black or red. An educated 
population was essentially bilingual, scholars and literary figures worked in Arabic. The texts of 
the inscriptions consist of proverbs and a variety of maxims that do not refer to religion, but as 
the embodiment of wisdom. 
Nevertheless the most essential phenomenon in this type of earthenware is the transformation of 
these inscriptions into ornament. The aesthetics of Arabic calligraphy seamlessly began to grow 
on Iranian ground, being modified over time beyond recognition. 
This is also due to the nature of the Arabic script, aspirating to ornamentation. The perception 
and comprehension of the ornament is the consequence of identification of the motifs, themes 
and also the ways of its binding by the human eye14. The rules of binding of the letters is the 
second phase after learning of the Arabic alphabet for those who wish to learn the Arabic 
language.  
Returning to the transformation of the inscriptions into the ornament, it is important to note, that 
it is the same process of adaptation of the environment complying with the Iranian discourse.  
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By the example of this group of earthenware the changes in the inscriptions transpired gradually. 
At times, in the place of the restrained, refined, unadorned Kufic inscriptions came the 
transformation of letters or parts into the zoological elements, such as waterfowls with the long 
beaks and necks. Thus the first animalistic inscriptions in the art of Islam were born, highlighting 
the secular character of this production. An absolute illegibility frequently comes along with it. 
Obviously, that is not a result of negligence, but the artistic decision. 

SOURCE OF INSPIRATION: LEGENDARY PAST OF IRANIANS 
Not only the intervening Arab ideas were transformed. The creative vision of the Iranian artists 
was able to transform the former images of the Iranian ethnos.  
A group of items depicting festive scenes, feasting, hunting, serves as an example to this. The 
representations of festive scenes often with cupbears, musicians reflect an atmosphere of 
abundance.  The hunting images also follow the themes of a horseman or a king. These subjects 
and images go back to the themes of the Sasanian silver dishes. In contrast to the Sasanian items, 
there is no dramatic component in these scenes. Furthermore, this type of style, so-called 
‘kaleidoscope’ is also the reflection of the cosmopolitan atmosphere prevailing in the cities of the 
eastern Islamic lands during the Abbasid period. 
According to Heidegger15, the tradition brings to the light the covert values of what was once, 
even if that light is the vacillating one of the day break. In the case of this group of ceramic such 
tradition is the legendary past of Iranians, as a source of inspiration for Iranian artists. 

CONCLUSION 
During the examination of some ceramics types, certain principles of the internal organization of 
the artistic process that Nishapur’s artists followed were expressed. It is also possible to describe 
the points of contemplation of reality, for the factors that apply to the processing of external 
impressions also apply to the development of works of art according to Alois Riegl.  
Iranian artists were constantly in pursuit of new ideas, not content with the style once found.  
Through their perception of the outside world they created the new forms, artistic decisions, 
principles of style.  
One of the important consequences of their search of artistic ideas and its subsequent embodiment 
was the technological development in the field of ceramics production. This is another 
confirmation that the creation of the piece of art is not only the consequence of technology and 
current materials, as Semper claimed16. In contrast, the approach of Riegl, based on the concept 
of Kunstwollen, which transcend the technology or the utility is confirmed by the example of 
Iranian ceramics. 
In the case of ceramics types discussed in the preceding sections, it is important to highlight one 
more time the force of Kunstwollen search and the artistic will for artists in Nishapur. Hardly had 
the Iranian artists appealed to foreign form when they transformed it according to the modus of 
their viewing. The same process occurs with other forms from which the Nishapur’s artists were 
seeking for inspiration. 
The ceramics of the eastern lands of the IX-XII century Caliphate is also an outstanding example 
of a combination of the Arab and Iranian worlds’ traditions. The merging of the pre-Islamic 
Iranian traditions with the graphic mindset of the Arabs stimulated the creation of the various 
types of designs and aesthetic effects of ceramic’s production.  
There is therefore some evidence to suggest that Iranian art in the first centuries of Islam had its 
own course of development based on the flexibility of culture and awareness of its own identity. 
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In this conjunction Grabar’s general conclusion on the regional nature of the Iranian art before 
Mongol conquest not being “part of the newly formed Islamic art”17 is confirmed. 
The study also revealed that the process of affirming of the Iranian identity through Kunstwollen 
can be traced in Nishapur's ceramics.  
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Tiles in the Museum of Civil Engineering 
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SUMMARY: The Museum of Civil Engineering of Instituto Superior Técnico (IST) contains a 
significant collection of elements related to the different areas involved in the Construction 
sector. Concerning the Architecture topic the Museum contains the re-creation of the work room 
of the architect Álvaro Machado, first professor of architecture of the IST, and a collection of 
drawings of his projects. The architect was the author of a vast work, and following the tendency 
of using tiles as decorative details in buildings’ facades, he applied tiles in his projects. Several 
pencil drawings, ink and watercolor on paper of architectural projects are shown in the text, as 
well as pictures of tiles applied in buildings. 
 
KEY-WORDS: Tiles, heritage, atelier of architect, projects, drawings 
 
 

INTRODUCTION 
A Museum, when inserted in a technical university, is a privileged place for the preservation of 
the historical memory concerning the construction techniques evolution along ages, including the 
progress of the architectural tendencies used in urban buildings. The construction industry has 
been evolving in teaching methods and applied technologies. The Museum presents a reminder 
of how the technology advanced to the current methodologies of work. 
The Museum of Civil Engineering contains a great set of elements offered by teachers and entities 
which is in exhibition, in a proper room, inserted within the school space. Elements such as: a 
model of the Pombaline cage, illustrating the constructive technique anti-seismic applied after 
the earthquake of 1755; a segment of an earth panel, identifying a wall constructive technique 
previous to the reinforced concrete; a massive ceramic brick of Ivry-Paris type, made in cast by 
the Lusitania factory [1]. These elements are examples that are preserved and kept in adequate 
conditions in technologic Museum space, contributing to the dissemination of the technical 
heritage and to the memory of Construction history. 
Concerning the Architecture topic the Museum contains the re-creation of the work room of the 
architect Álvaro Machado and a collection of drawings of their projects. The drawings are used 
to show how antique tendencies in architecture were and to support old methodologies of 
representing projects, as they are confronted to current definitions of Technical Drawings. In the 
context of the congress the focus of this report is the atelier of the architect Álvaro Machado and 
their projects. 

THE MUSEUM  
The Museum of Civil Engineering was inaugurated on December 20th, 1993, on the ground floor 
of Civil Engineering Pavilion of the Instituto Superior Técnico (IST). Until the creation of the 
Museum, educational materials, currently not in use, were found in professor’s offices, 
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laboratories and classrooms. Other elements of interest related to the areas of knowledge 
developed in the Department, have been donated to the Museum. 
The Museum contains a vast collection of elements related to the Construction activity [2]. The 
didactic heritage, gathered for the Museum, was located in offices, laboratories and classrooms, 
maintained by teachers and staff of the Department. Additionally, other pieces of scientific 
interest and related to the areas of knowledge developed in the Department, have been offered by 
teachers, alumni and construction enterprises. All objects were restored and kept, scheduled and 
organized properly. Each piece is identified and characterized, namely, the place of origin, the 
identification of the donor and the state of conservation when received. 
The inventory classification process follows a thematic organization related to the different 
engineering domains: Transport, Bridges, Topography, Architecture, Materials, Construction 
techniques, Drawings, Hydraulic and Soil mechanics. For all the pieces in exhibition in the room, 
a descriptive text of its features, functionality, period of use and the number of inventory was 
drawn. Regularly, the Museu room presents exhibitions of pedagogical character and is regularly 
changed in order to allow the exhibition of all its reserves (Figure 1). 
 

 
Figure 1: Out-side and in-side views of the Museum. 

As the school is a space of several international events, namely, conferences and technical 
meetings, the Museum became an interesting place for national and international visitors. 
Supporting this interest, the current direction promoted the identification of all elements and the 
linked text, in Portuguese and English. So the Museum provides to: 

 Students, an organized documentation of interest for research works conducted by 
graduate or PhD students; 

 Teachers, the complementarity of disciplines providing support to the programmatic 
curriculum, with the description of old equipment; 

 Visitors, an important collection of books, photographs, drawings, models and 
equipment related to the construction industry. 

ATELIER OF THE ARCHITECT ÁLVARO MACHADO 
Architect Álvaro Machado (1874 - 1944) was the first teacher of Architecture at the IST of the 
Technical University of Lisbon, from 1911 to 1936. The room recreates his atelier, originally 
installed in his house, in Lisbon, and the contents were offered to IST, by his daughters, in 2000. 
The work place was meticulously built by Machado, since 1910, over years of use. All the 
furniture was designed by him, and it is composed of desk, tripod support, bookcase and banks. 
The organization of the walls was the target of a careful record left by him, facilitating the 
reconstitution presented in a specific room built inside the Museum space (Figure 2). 
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Figure 2: The re-creation of the work room of the architect Álvaro Machado. 

The selected elements includes: paintings and drawings of their architectural projects; drawings 
and paintings made by colleagues and friends, namely Raul Lino, Ezequiel Pereira and Miguel 
Queriol; draft scenarios designed by his father; portraits of masters like José Luis Monteiro and 
from himself painted by Constantino Fernandes and Ferreira da Costa. Figure 3 presents pencil 
drawings, ink and watercolor on paper of architectural projects. Some of his architectural designs 
are placed in the archive of the IST [3]. 
 

 
Figure 3: Pencil drawings, ink and watercolor on paper of architectural projects. 

According to the publication co-hosted by Caldas [4], on the occasion of the atelier opening, the 
authors refer to his vast work. Some of the design works, organized in the framework of 
competitions, were also donated, complementing the furniture and belongings. In the same 
booklet, António Ressano Lamas says that the quality of the drawings and the aesthetic and 
historic interest of the environment preserved were notable and could not immediately be 
dispersed and so the IST kept their documents and projects to be consulted and they are open to 
researchers to study his work. 
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TECHNICAL DRAWING  
Alfredo Bensaude (1856-1941), the first director of Instituto Superior Técnico (IST), of the 
University of Lisbon, creates the first national technical school of engineering based in the 
international standards at the time, and contributed to introduce the Technical Drawing as an 
essential issue and training for the future engineers [5]. The interest in empowering the country 
with a good technical training of all trust contributes to develop the latent skills of its citizens, 
make a more systematized and economic industrial production and, especially, to make Portugal 
less dependent from abroad. The development of the industry is the natural and indispensable 
complement of a protectionist national policy. In such sense, it is important, in an academic level, 
to develop technological education as possible. 
The various reforms over the years, in public engineering schools, have pointed to recognize a 
faculty with theoretical and practical capabilities. In a technological school, as the IST, theory 
must be inseparable from practice. Not just the student acquiring successively during some years 
the knowledge of different disciplines of the course, it is necessary that they also get a 
homogeneous set of theory and knowledge of how to apply it. The creator of the first engineering 
school in Portugal in 1911, Alfredo Bensaude, advocated the importance of bringing theory into 
practice. The drawing is used as a way to develop components with the accuracy needed for 
students’ workshop, committing the student into the manual manufacture [6]. 
Alfredo Bensaude reported in his memories, the main guidelines that are still the current support 
of pedagogical methods of technical and scientific nature, implemented in the teaching of 
engineering in Portugal [6]. The objective proposed by Bensuade was to provide the nation with 
engineers not only with knowledge based in theory, but also with the necessary practical skills, 
that could contribute to the economic progress of the country. So students should design wooden 
models, connect metallic elements and realize chemical experiments in workshops located in the 
old IST building.In Bensaude memories he refers that today [1922] the workshops are attended 
regularly by students, wearing worker suits and working alongside with professors and 
professional craftsmen. Figure 4 presents pictures illustrating several workshops, made available 
by the archive department of the IST [7].  
 

 
Figure 4: Views of the workshops located in the old IST building. 

In the first curricular reform, Drawing became the 51st discipline of the general course of the 
Institute. It was offered to all the engineering students, and has duration of 2 academic years: in 
the first year drawing is rigorous and executed with pencil, ink and watercolor; in the second 
curricular year freehand sketching and execution of chalk drawings on cardboard were included. 
In 1918, the courses were restructured and the discipline was renamed Technical Drawing, 
corresponding to the 47th chair of the common core of all courses, with a curricular program 
consisting of 3 parts: Construction drawing; Machinery drawing; Architectural drawing. The 
Technical drawing and Architectural drawing disciplines were taught by Álvaro Machado (Figure 
5).  
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In 1911, when the creation of IST, Machado is one of the seven teachers, coming from the old 
school, which is invited by Alfredo Bensaude, as a senior lecturer of the new school, having 
taught the discipline of Architectural Drawing, until 1934. 

 
Figure 5: Architectural drawing discipline [6].  

Distinct free hand methodologies, didactic procedures of teaching technical drawing to 
engineering students, and the establishment of rules have been evolved over the years and 
centuries in the history of engineering. Bensaude contributed to establish a strategy for the 
implementation of the Technical Drawing as a science in an engineering school, that is patent in 
the vast collection of antique drawings, belonging to the Museum, preserving the memory of the 
evolution in the drawing discipline taught in the school. The Museum has a huge collection of 
drawings executed by students, dating back to the formation of the IST until after World War II 
(Figure 6). 

 
Figure 6: Drawings of wooden and metallic structures. 

Diverse type of tools used to trace drawings is also in exhibition in the Museum. The vast set of 
elements clarify, students and visitors, about the old process of drawing, based in the use of 
pencils, ink or watercolour, and how to use scale rulers, squares and "T" rulers (Figure 7).  

 
Figure 7: Antique drawing devices.  
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ARCHITECTURAL PROJECTS 
Álvaro Augusto Machado proved early to be a young architect with great imagination, but he 
expressed it in a realistic mode. He defined his work with a great intellectual and logic discipline 
that applies in the design of new architectural resolutions. He was the author of several projects 
of single-family buildings in the zone of Lisbon:  

 The Valmor prize was not awarded in 1918, possibly due to political, economic and 
social instability that struck the country, but, in 1919 the Valmor prize was awarded to 
a single-family, located in Av. Duque de Loulé, Lisboa, dwelling owned by Alfredo May 
de Oliveira with an Alvaro Machado project (Figure 8). This house had three floors of 
sober lines and presented a structure essentially urban. It was demolished in 1961 and 
gave way to a building with seven floors [8]; 

 The building of the Museum Bordalo Pinheiro was built in 1913 by the poet Santa Cruz, 
friend of Bordalo Pinheiro, with the architectural project of Álvaro Machado. He was 
awarded an honorable mention of Valmor prize of 1914The building contains a 
biographical and monographic documentation dedicated to the life and work of Rafael 
Bordalo Pinheiro (1846-1905), an important artist and politician of the 19th century [9]. 
The spoils of the Museum comprise the most complete collection of ceramic of Bordalo, 
representing his typical over-naturalism, as well as an extensive exhibition of painting, 
drawings, documents and publications (Figure 8). 

 
Figure 8: Two awarded Machado’s projects. 

 The building of the current Academic College, located at the Republic Avenue, was 
designed in 1904. In 1906 it was purchased by Madame Anne Roussel, founder of the 
school with her name, destined to be an establishment of education of female children. 
From 1920 worked on building the English College, the School Minerva and currently 
the Academic College [10]. 

 The building of the National Society of Fine Arts (SNBA), located at Rua Barata 
Salgueiro, in Lisbon, was designed by Machado, having been inaugurated in 1913 by 
the President of the Republic Manuel de Arriaga on the occasion of the 10th art exhibition 
[11]. Their projects follow the current Romanesque observed in volumetric values of 
Romanesque and the affirmation of the decorative component marked by the use of tiles. 

The architect applied tiles on façades of urban buildings. Figure 8 illustrates the application of 
some detail made in ceramic applied on façades of the Museum building. Figure 9 represents a 
picture of the SNBA building and a drawing of the architectural project. Figure 10 presents 
images with details of the tiles applied on façades of the Academic College. Figure 11 presents 
pencil drawings, ink and watercolor on paper of the architectural project of the House of Health 
Portugal-Brazil in Lisbon, showing tiles applied in facades, and Figure 12 includes a drawing of 
the project designed for Hotel of Health, in Estoril. 
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Figure 9: The SNBA building: picture, publication and drawings. 

 
Figure 10: Tiles applied in the facade of the Academic College.  

 
Figure 11: Drawings and detail of the House of Health Portugal-Brazil project [3]. 
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Figure 12: The project drawing designed for Health building Hotel in Estoril [3].  

CONCLUSIONS 
The Civil Engineering Museum contains the re-creation of the atelier of the architect Álvaro 
Machado, professor of architectural drawing and technical drawing and designer planning of 
relevant buildings. The spoil of the Museum encompasses several drawings prepared by his 
students in the disciplines of Architecture and Technical Drawing and the material used to 
represent those drawings. 
The architectural drawings outlined by the architect are part of the estate given to IST. Several 
buildings designed by the architect present tiles on facades. The drawings show also the 
application of tiles on facades, and how each ceramic element is represented in detail using 
watercolor. The tiled designs applied and the buildings are presented in the text. The quality and 
aesthetic of the drawings are evident supporting the great interest of IST to preserve these notable 
graphic works made by Machado and so it could not be dispersed. 
The Museum serves as a memory of architectural work of Alvaro Machado, represented in 
various drawings, and contributes to the dissemination of his work revealed in several buildings 
in the zone of Lisbon. 
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SUMMARY: Several books present and discuss the use of tiles (azulejos) in Portuguese modern 
architecture. However, these tend to ignore the use of other glazed ceramics of uncertain 
classification in the same context. Through the process of identification of modern azulejos in 
Portuguese cities, a new type of glazed ceramic coating has been found which may arguably be 
classified as azulejos. These are mosaics with a module of 20 x 40 mm whose units are flat 
glazed ceramics. The only difference from what we usually understand as azulejos result from 
the facial dimensions (ca. 18 x 38 mm) of those tesselae. They were manufactured at Ourém, 
Portugal, by a company named Tijomel from 1960 to 1980 and are a unique product that was 
widely used at the street level as well as in certain details of modern buildings, such as columns 
or entrance doors. Tijomel mosaics were often used with great creativity and quite striking 
results. The authors believe that this type of coating is worth considering as part of the modern 
heritage in Portuguese architecture and decoration. Therefore, the aim of this paper is to 
present and discuss for the first time the use of the Tijomel mosaics, revealing several examples 
of use. 
 
SUMÁRIO: Vários livros apresentam e discutem o uso de azulejos na arquitetura moderna 
portuguesa. No entanto, estes tendem a ignorar o uso de outras cerâmicas vidradas de 
classificação incerta, no mesmo contexto. Através do processo de identificação dos azulejos 
modernos nas cidades portuguesas, foi encontrado um novo tipo de revestimento cerâmico 
vidrado, que pode ser classificado como azulejo. Trata-se de mosaicos com um módulo de 20 x 
40 mm com unidades cerâmicas de vidro plano. A única diferença em relação ao conceito 
comum de “azulejo” resulta das dimensões (cerca de 18 x 38 mm) dessas tesselas. Foram 
produzidos em Ourém, Portugal, por uma empresa chamada Tijomel, entre os anos 1960 a 
1980 e são um produto único, amplamente utilizado ao nível da rua, bem como em certos 
detalhes de edifícios modernos, como colunas ou portas de entrada. Os azulejos Tijomel eram 
frequentemente utilizados com grande criatividade criando resultados impressionantes. Os 
autores acreditam que este tipo de revestimento merece ser considerado como parte do 
património moderno na arquitetura e decoração portuguesa. Neste sentido, o objetivo deste 
artigo é apresentar e discutir pela primeira vez o uso dos mosaicos de Tijomel, mostrando uma 
selecção de casos. 

KEY-WORDS: Azulejos, Tijomel mosaics, Modern architecture, Portugal 
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INTRODUCTION 
Several books [1-8] present and discuss the use of azulejos in Portuguese modern architecture. 
However, these tend to ignore the use of other glazed ceramics of uncertain classification in the 
same context. The glazed ceramic objects for architectural linings establish a connection with 
the surface where they are integrated, providing an aesthetic experience. The discussion of what 
is considered azulejo is difficult since it should not indeed be a matter of strict dimensional 
limits.  
The azulejo is a traditional art in Portugal, much more than an object, thus encompassing a 
wealth of shapes and dimensions. In this sense, the authors consider important to mention a type 
of glazed ceramic coating that came recently to their attention whose dimensions are different 
from the common Portuguese azulejo (ca. 140 x 140 mm). These are glazed ceramic units with 
facial dimensions 18 x 38 mm produced in many colours and abstract patterns (figure 1). These 
coatings were widely used in Portuguese modern architecture, however, apart from a slight 
reference to these mosaics found in the website of Cerâmica modernista em Portugal [9], there 
are no studies regarding these “azulejos” nor known references to them in the published 
bibliography. These unique products, manufactured from 1960 to 1980 by the extinct 
Portuguese factory Tijomel, in Caxarias, Ourém, are considered by the authors as azulejos and 
as such will be analysed t in this paper [10]. 
 

  

Figure 1: Examples of Tijomel mosaics. Left: Rua dos Olivais, Viseu; right: Rua dos 
Palomes, Torres Vedras (integrating two different patterns) 

The Tijomel mosaics are often found at street level, as in shops or in the entrance of buildings 
or lining pillars as a decorative detailing, complementing modern buildings and sometimes in 
lieu of azulejos, while aiming at the same decorative purposes. In our research, several 
Portuguese cities such as Lisbon, Porto, Torres Vedras and others were visited allowing the 
identification of many interesting, previously unknown examples, which denote a clear artistic 
intention in their integration since the colours, patterns and areas lined, create a diverse and 
often striking impression.  
All cases included in the present paper are considered from the point of view of a street walker, 
therefore excluding the more utilitarian use in interiors. Due to the high number of cases found, 
the calling to the attention of their use in modern architecture in Portugal is of particular 
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interest. The importance of bringing to light their integration is related with to the will to create 
potential interest for their preservation as cultural heritage worthy of care.   

TIJOMEL FACTORY 
Slightly mentioned in the literature, the Tijomel factory was, at a time, considered the most 
modern ceramic factory in the Iberian Peninsula [11]. Created and managed by Júlio Redol, it 
was located in Caxarias, Ourém (Central Portugal, not far from the city of Leiria) and would 
suffer from relational and economic instability after the 1974 revolution, leading subsequently 
to its closure. Through research, it was possible to find publications [11-15] related to the 
exhibition held at the Museu Municipal de Ourém: ”Ao Redol da Tijomel” following the study 
of three young designers - Mélanie Rodrigues, Luís Freire and Rúben Pereira, regarding the 
factory and the legacy left by its founder Júlio Redol. 
Júlio Redol Nunes was born in Tomar in 1915. Initially, he worked in the Prista ceramics 
factory where his dynamism and entrepreneurial spirit have revolutionized the manufacturing 
methods. Later, Redol decided to create his own factory in Caxarias and the company was 
founded in 1941 under the name “Materiais para Edificação Lda”. Only in 1961 did it become 
“Tijomel”. Located next to the railway line it had a wealth of raw materials available in the 
region, such as clays and sawmill waste, creating the ideal conditions for the industry. It 
contained two sections, the “pavimel” and “decormel” and scoped the entire production of 
ceramics, from the raw material to the final product, as well as its commercialization [11, 13] 
In its grounds, there was a canteen, medical service, school, library, constituting a model of 
social assistance unusual for the time. It would have had approximately 300 workers and some 
modern artists, such as Júlio Resende who developed projects there [11, 13]. One of his work is 
the panel "O Café" where he used glazed bricks, present in Confeitaria Sical in Porto [16]. 
Figure 2 shows a catalogue from the section “decormel” and the different types of Tijomel 
mosaics available.  
 

  

Figure 2: Catalogue from the archives of Laboratório Nacional de Engenharia Civil of 
the section “decormel” with different Tijomel mosaics available 

The factory closed in the 80's and its founder Júlio Redol died shortly afterwards. The building 
remained abandoned thereafter [11, 12]. Figures 3 and 4 offer a glimpse of the greatness of the 
factory and some spaces that survived the ruin. The entrance is all lined with Tijomel mosaics 
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(figure 4) which is very interesting since it seems to work out like a catalogue of the products or 
as an invitation for those who would go to the factory and could see a showcase beforehand. 

 

Figure 3: The factory building. Caxarias, 2018 

 

  

Figure 4: The entrance of the factory. Caxarias, 2018 

 
Figure 5 presents some Tijomel mosaics applied on the walls of the factory and the several 
possibilities of colours. Many of them have the same pattern that have been found in buildings 
of Portuguese towns screened by the authors.  
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The land around the factory was, however, divided and sold to several owners [13]. The study 
of the production of this company is particularly important given their uniqueness. Such study 
may also reflect on the knowledge of the materials and contribute to a more conscious future 
intervention of this type of coating. 
 

  

Figure 5: Tijomel mosaics applied on the walls in the factory building. Caxarias, 2018 

THE PROFUSION OF UNKNOWN CASES 
As discussed by the same authors [17], understanding the relevance of modern azulejos in 
Portugal as cultural heritage and the reason of their integration in architecture is important to 
foster their preservation. Lining or decorative detailing at street level is particularly relevant 
because its decorative intention easily reaches the viewer.  
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Figure 6: Avenida do Lago Nº 61, Estoril 

The modern Portuguese architects adopted a solution that has not been seen elsewhere and is 
routinely overlooked in Portugal. The use of Tijomel mosaics, different in dimensions or 
decorative value from common Portuguese azulejos or glass mosaics, indeed transmits a rather 
unique notion of modernity.  
The mosaic itself is very simple, it often has a background colour (blue, white, black etc) 
sometimes overlaid with areas of a different colour as can be seen in the figures. The richness of 
the application of these azulejos lies in the fact that they obtain an artistic scenario with a 
"game" of colours (figure 6) or varying the position of the mosaics (alternating vertically and 
horizontally) as can be seen in figure 7 (right), creating interesting patterns in façade areas that 
might otherwise look plain. 
 

  

Figure 7: Some (fortunately rare) examples of decayed Tijomel mosaics 

 
The conservation of this type of linings should stem from an appreciation of their unique 
aesthetics. Some cases already present degradation (figure 7), pointing to the need for 
preservation actions of this heritage. 
Several cases (78), so far never seen mentioned, of the application of Tijomel mosaics have 
been found in Portugal. These were identified in nine different localities: Porto, Viseu, Ourém, 
Torres Vedras, Lisboa, Ericeira, Estoril, Almada and Beja. Table 1 depicts the number of 
applications already identified in each of those localities, of which Porto presents the higher 
number of examples (35). Figure 8 shows their distribution throughout Portugal. 
In the following sections, selected examples of the different types of use of these coatings in 
modern Portuguese architecture are presented. They will (so to say) speak for their case.  
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Table 1: Number of cases of Tijomel azulejos found in each Portuguese city visited 

Portuguese cities Number 
of cases  

     

North 
Porto 35 
Viseu 2 
Centre 
Ourém / Caxarias 6 
Torres Vedras 2 
Lisboa 19 
Ericeira 1 
Estoril 1 
Almada 4 
South 
Beja 8 

  

Figure 8: Localities visited where Tijomel tiles were 
used  

Porto and Ourém examples 
The city of Porto was a surprise due to the high number of examples found (35 until now). In 
contrast to the azulejos commonly used in Portuguese architecture, usually covering whole 
façades, in the examples described below, there is often an intention for aesthetic appeal merely 
through small-scale details. 
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Figure 9: Rua do Visconde de Setúbal Nº 346, Porto 

Figure 9 and 10 demonstrate two different examples of Tijomel coatings integrated only in 
the entrance door of the buildings. The mosaics are very simple with a black background 
colour superimposed by odd lines in grey or fawn (figure 9) or dots of pink and white 
(figure 10). It is possible to see that there was a clear intention to decorate the surface 
appealingly, maybe for the sake of the prospective buyers and for the long-term 
appreciation of passers-by. 
 

  

Figure 10: Rua do Paraíso Nº 104, Porto 

Figure 11 and 12 are two examples were the lining covers a larger area, creating an interest in 
façades that would otherwise be plain and uninteresting. In the first case, the building is in a 
corner of the street and its unassuming modern design contrasts with the rather sumptuous 
lining at street level.  
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Figure 11: Rua 5 de Outubro Nº 93, Porto 

The mosaics in white glaze with a black line, create an aesthetic focus of attention that 
enriches the whole building. In the second (figure 12) we have a rare case of an extensive 
use of the Tijomel mosaics in the whole façade. Here the blue of azulejos only framing the 
protruding windows in the upper part of the building, contrasting with the verandas, like a 
chequerboard, creating an impact on viewers. 
 

  

Figure 12: Rua da Boa Hora Nº 2, esquina com a Rua de Santa Catarina - Porto 

 
Another example shown in figure 13 is the group of residential buildings that are far from 
appealing in which the different bold colours used on the side walls completely alters the 
perception of buildings. These three cases can be considered relevant examples since they 
express innovation through the use of these linings which do not cover the entire façade and yet 
bear an important aesthetic value and demonstrate a clear intention to decorate the surfaces 
appealingly. 
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Figure 13: Three buildings with the “azulejos” Tijomel in Porto. Rua do Seixal Nº 75 

Figures 14 and 15 depict some Tijomel coatings in different colours and patterns applied in 
buildings of Porto and Ourém, the city of extinct Portuguese factory Tijomel. 

   

Figure 14: Detail of applied Tijomel mosaics in different buildings in Porto. Left: Praça da 
Liberdade Nº 121; centre: Rua de Fernandes Tomás Nº 493; right: Rua Faria de 

Guimarães Nº 357 
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Figure 15: Detail of applied Tijomel mosaics in different buildings in Ourém. Left: Av. 
Bombeiros Voluntários Nº 55; centre: Praça da República Nº 11; right: Rua Teófilo Braga 

Nº 8 

Examples in Lisbon  
Some interesting cases were found in Lisbon and satellite localities. Interestingly, amidst the 
many patterns and colours available, the local architects and decorators often chose identical 
solutions to those found in Porto. Fortunately, the vast majority is in a good condition. Figure 
16 presents an example in Avenida de Roma in which the lining is part of a shop design and 
therefore only at street level, imparting, however, a sense of modernity in contrast with the rest 
of the building that is rather plain and devoid of decoration.  

  

Figure 16: Avenida de Roma Nº 19, Lisbon 
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Examples in other locations, such as Moscavide (in Lisbon) and at the nearby city of Amadora 
are demonstrated in figures 17 and 18. The curious of these coatings is that they are used, more 
or less sparingly, most anywhere, enriching any building where they are integrated. 

  

Figure 17: Rua Francisco Marques Beato Nº 79, Moscavide 

 

  

Figure 18: Rua Cândido dos Reis Nº 8, Amadora 
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Other types of Tijomel mosaics found in Lisbon buildings are shown in figure 19, which 
express once more a clear intention to communicate aesthetic appeal with the use of these 
coatings.  

   

Figure 19: Detail of applied glazed ceramic Tijomel in different buildings in Lisbon. Left: Rua 
da Prata Nº 269; centre: Rua Gomes Freire Nº 6; right: Rua Combatentes da Grande Guerra Nº 

43 (Moscavide) 

Interesting examples of Torres Vedras city 
In the cases found in Torres Vedras, the integration is slightly different. The mosaics were 
applied in small areas at the upper part of the buildings, such as decorative details of the 
balcony seen in figures 20 and 21. Together with the architectural aesthetic of the building 
(figure 20) their integration creates an aesthetic impact on viewers and enriches the 
constructions. 
 

  

Figure 20: Rua Dias Neiva Nº 12, Torres Vedras 
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Figure 21: Rua dos Palomes Nº 8, Torres Vedras 

CONCLUSION  
In this paper the authors present some examples of the use of Tijomel “azulejos”, small pieces 
of glazed ceramic with 18 x 38 mm that were produced in several colours and abstract patterns, 
integrated on the exterior of the Portuguese modern architecture.  
It was possible to identify, so far, 78 examples considered worth mentioning, most of which in 
Porto and Lisbon, 35 and 19 cases respectively. Most often, the applications are found at street 
level, such as in the decoration of shop fronts or the entrance of buildings.    
Exclusively and much used in Portugal at this period, the innovation is in their peculiar 
aesthetics and the way they were locally integrated to the modern architecture in Portugal. The 
possibility of different forms of application, using the same mosaic vertically or horizontally or 
mixing different colours, offer many possibilities to create a sense of Modern and impact the 
observers (figure 22). 
 

  

Figure 22: Rua da Cantina, Tijomel factory, Caxarias 
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In this sense, it is important to define their value as a cultural heritage in Portugal and to 
understand the importance of their integration in Portuguese modern architecture, as a unique 
regional trend. Those who studied modern azulejos do not seem to be aware of their existence 
and the knowledge about them is scarce or non-extant.  
The conservation of this type of linings should stem from an appreciation of their unique 
aesthetics. Some cases already present degradation, pointing to the need for preservation actions 
of this exclusive heritage, not only for their distinctiveness but also for the way they 
complement the modernity of the constructions. Therefore, calling to attention their existence 
and relevance as a heritage asset, as well as their study and conservation are essential.  
In this way, further investigations need to be carried out. The identification of more Tijomel 
mosaics integration in Portuguese cities, in order to gather a higher number of examples as 
possible and also, attempt to link to the artist / architect behind the project; understand the 
relation between the factory and the artists who developed their works there and, for azulejos 
preservation, the study of the factory production is particularly important. Such study will 
reflect on the knowledge of the characteristics of these azulejos, to later on be able to 
understand which intervention methods are the most appropriate. 
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SUMMARY:  In this article some aspects of the production technology connected with the 
preparation of the glaze and of the biscuit and with the firing cycle have been researched in order 
to better understand their effects on the morphological and chemical characteristics of the glaze 
and glaze-biscuit interface. Azulejo reproductions have been prepared by using raw and fired 
ceramic bodies glazed with either a lead-tin raw preparation or with a frit of different quartz 
grain sizes. The firing temperatures and the duration of the firing cycles have also been varied. 
The resulting cross-sections of the ceramic reproductions were analysed with SEM-EDS. 
An increase in the Pb-rich K-feldspars formed at the glaze-biscuit interface is observed as the 
maximum temperature increases and the cooling rate slows. The use of raw glazes and single 
firings also promotes the growth. 
The results led to a better interpretation of the technological fingerprint observed on historic 
glazed tiles and offer more insight into the early azulejo production technologies and on the 
nature of the glaze-ceramic interface. 
 
KEY-WORDS: majolica reproductions, azulejo, interface, production technology 
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INTRODUCTION 
When researching the origin of Portuguese faience azulejos, it was found that the earliest 
productions of the workshops of Lisbon (maybe a single workshop working since the 1550s up 
to at least the 1590s) were morphologically identifiable by a peculiar crystalline growth at the 
glaze-biscuit interface (figure 1) which usually does not occur in later productions. This growth 
was commonly seen in Hispano-Moresque tiles and has been ascribed to single-fired glazed 
ceramics. At first sight, the high quality of the painted faience glazes raises doubts on whether a 
single firing process was used in their production. To help clarifying these doubts, a research 
project was set, whose first results are here presented.  
 

  

Figure 1: SEM-BSE image of a section of an azulejo from the workshop of João de Góis 
(Igreja da Graça- Lisboa, ca. 1565) 

 
A better understanding of the glaze-ceramics interactions and the resulting interface is also 
essential to understand the azulejo as a composite material and consequently its degradation 
mechanisms, also contributing to develop better conservation attempts. The results of the 
metamorphosis supervened from the firing process also help to interpret what is seen on actual 
historic azulejos and to try to unravel their production technology.  
During firing, the glaze fuses and interacts with the ceramic body digesting it, decomposing some 
constituent phases and diffusing its elements into the glaze and vice-versa [1]. When elements 
digested from the body diffuse into the glaze crystals are formed at the interface. For similar 
systems these cristals were determined to be lead-rich potassium (K) feldspars similar to sanidine 
with a typical formula K0.4Pb0.6A11.2Si2.7O8 [2, 3]. It is this layer of neo-formed crystals that is 
commonly considered and measured as the "interface layer". In 2001, and for transparent (non-
tin opacified) high-lead glazes (70:30 up to 90:10 PbO:SiO2 wt%) Molera et al have shown that 
the sanidine-type feldspar crystals form a thicker layer for higher firing temperatures and lower 
cooling rates [4, 5].  
In this article different firing cycles (maximum firing temperature, heating/cooling rates), glaze 
preparation type (raw or frit glaze, silica granulometry) are researched aiming to verify their effect 
on the glaze-biscuit interface morphology, when tin-opacified lead glazes with a composition 
typical of the Portuguese azulejo productions from the last quarter of the 16th century azulejos 
(around 50:40 PbO:SiO2 wt%) were used.  
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MATERIALS AND METHODS 

Ceramic biscuits preparation  
A commercial calcareous paste (SiO2PT®) was used for the preparation of the biscuit. Table 1 
presents its composition according to the supplier information: 
 

Table 1: Chemical composition of the clay paste used according to the supplier in weight %. 
SiO2 
(%) 

Al2O3 

(%) 

CaO 
(%) 

MgO 
(%) 

K2O 
(%) 

Na2O 
(%) 

Fe2O3 

(%) 
TiO2 

(%) 
MnO 
(%) 

LOI 
(%) 

47.8 15.9 12.10 1.73 2.83 0.25 4.0 0.55 0.04 14.5 
 
For testing the effect of single, partial and double firings, glazes (raw and frit) were applied on to 
clay bodies that were unfired (C0), to biscuits fired at 500ºC (C1), and fired at 1000ºC (C2).  
For firing the biscuits, a firing cycle was used with a heating rate of 100ºC/h up to 500ºC (C1), 
50ºC/h between 500 and 600ºC and again at 100ºC/h up to the 1000ºC (C2). Both C1 and C2 
biscuits were maintained for 30 min at the maximum temperature (500 and 1000 ºC, respectively) 
and then allowed to cool down naturally. 

Glazes preparation 
 A typical glaze composition of tiles from the late 16th century was tentatively simulated (Table 
2). For its preparation, PbO from VWR chemicals, silica powder (FPS 180 and FPS 500) from 
Areipor, SnO2 from Merck, K2CO3 from VWR chemicals, and Na2CO3 from Riedel de Haen, 
were mixed and ground together. According to the supplier, the FPS 500 quartz grain size is lower 
than 45 µm, with 97 % below 25 µm, while for FPS 180 the grain size is lower than 150 µm, with 
45% below 53 µm and 35 % below 75 µm. Table 2 presents the resulting glaze composition 
expected.  
The glaze mixture was both applied “raw” or after a fritting procedure to the different biscuits. 
For the frit, the powdered glaze mixture was fired to 1000ºC and ground to less than 106 µm. 
 

Table 2: Expected chemical composition of the glaze in weight %. 
SiO2 

(%) 

PbO 
(%) 

SnO2 
(%) 

K2O 
(%) 

Na2O 
(%) 

39 49 7 3 2 
 

Azulejo preparation 
The “raw” and frit glaze powders were suspended in water, at approximately 1:0.5 (glaze:water) 
and applied by brush to the surface of the different ceramic bodies (C0, C1 and C2) and let to dry 
overnight. The glazes were then fired according to table 3.  
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Table 3: Azulejos Firing Cycles (FC) 

Batch 

Heating 
rate 
( ̴͂≈20-

500ºC) 

Heating 
rate 
(500-

600ºC) 

Heating 
rate 
(600-

Tmax) 

Tmax. 
 
 
 

Time 
at 

Tmax 
 

(h) 

Cooling 
rate 

(>500ºC) 

Cooling 
Time 
(h) 

FC1 100ºC/h 50ºC/h 100ºC/h 800ºC 0.5 30ºC/h 10 

FC2 100ºC/h 50ºC/h 100ºC/h 950ºC 0.5 30ºC/h 15 

FC3 100ºC/h 50ºC/min 50ºC/h 950ºC 0.5 20ºC/h 22.5 

 

SEM-EDS  
The resulting fired samples were cut and polished for observation of their cross-section by SEM-
EDS. These observations and analyses were made at the HERCULES Laboratory in Évora using 
a HITACHI S3700N Scanning Electron Microscope (SEM) coupled to a BRUKER XFlash 5010 
Energy Dispersive Spectroscopy (EDS) system. Specimens were observed uncoated and images 
were taken in variable pressure back-scattering mode (BSE) with chamber air pressure of 40Pa, 
at an acceleration voltage of 20.0 kV. The spectra acquisition was done in the same conditions 
with the detector set at ca. 8-9 mm distance from the specimen surface. 

µ-Raman spectroscopy 
Micro-Raman analysis was performed using a HORIBA XPlora Raman spectrometer, equipped 
with a 638 nm diode laser and coupled with an Olympus™ microscope. The system uses a 
thermo‐electrically cooled charge‐coupled device detector (CCD). The calibration of the 
instrument was performed with the Raman band of a silicon crystal at 520 cm-1. Raman spectra 
were acquired in the 100-2000 cm-1 region with an exposure time of 30 s and 10 accumulations. 
To avoid thermal damage of the samples, their irradiation was obtained through a 50% filter. The 
instrument itself was controlled using the LabSpec software. The collected Raman spectra were 
further processed in GRAMS (ThermoFisher Scientific™). 

RESULTS AND DISCUSSION 

Effect of silica granulometry, firing temperature and paste/ceramic 
biscuit pre-firing 
The effect of silica grain size used for the preparation of the raw powdered glazes was studied at 
two different temperatures (800ºC – FC1 and 950ºC – FC2).  
The results obtained (Figures in Table 4) show a clear difference in size of the residual non-
fused/non-dissolved silica grains in the glaze layer. Silica grains of the two raw batches (coarse- 
and fine-grained) remain less altered at low firing temperatures (FC1). At 950ºC (FC2), especially 
for the lower size silica grains, the formation of needle-star crystals was observed and these were 
identified by µ-Raman spectroscopy [6] as cristobalite (Figure 2), a high-temperature polymorph 
of silica [7]. At this higher temperature and especially for the lower silica grain size glaze, a 
higher degree of fusion/dissolution of the silica grains into the glaze matrix is visible.  
A “clean” glaze layer without any visible silica grains is observed close to the interface, especially 
evident in the lower silica grain size (FPS500) (Table 4). This clear glaze layer is hypothetically 
interpreted as a segregation layer caused by the fast filtration of the freshly applied paste (proto-
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glaze) induced by the high suction pressure of the porous paste/fired body. This layer was also 
occasionally found on 16th century Portuguese azulejos. 
  

Table 4: Raw-applied glazed replicas made with different grain size silica fired at different 
firing cycles. 

 Coarse silica (FPS180) Fine silica (FPS 500) 

 

C0 C2 C0 C2 

FC
1 

- 8
00

 ºC
 

Not done 

   

FC
2 

- 9
50

 ºC
 

    
C0 – applied on unfired paste; C2 – applied on a pre-fired paste at 1000ºC 
FC1 and FC2 – glaze firing cycles (picture magnifications are roughly similar) 

 
 
 
 

 

 
Figure 2: µ-Raman spectrum of the needle-star crystal of cristobalite formed during the 

firing cycle FC1 (950ºC). 
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Table 5: Raw-applied glazed replicas interface made with different grain size silica fired at 
different firing cycles 

 

Coarse silica (FPS180) Fine silica (FPS 500) 

 

C0 C2 C0 C2 

FC
1 

- 8
00

 ºC
 

 

Not done 

  

FC
2 

- 9
50

 ºC
 

    
C0 – applied on unfired paste; C2 – applied on a pre-fired paste at 1000ºC 
FC1 and FC2 – glaze firing cycles (picture magnifications are roughly similar) 

 
 

 
Figure 3: Interface thickness of azulejo replicas prepared with raw-applied glazes prepared with 

coarse- (FPS180) and fine- (FPS500) grained silica proto-glaze and with firing temperature 
cycles FC1 (800ºC) and FC2 (950ºC). 
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Comparison of “raw” and frit glazing 
When fritting a raw glaze, an extra fusion/dissolution of the quartz grains occurs as a consequence 
of the two-step heating and grinding of the frit. The resulting glaze may show a total dissolution 
of the quartz grains into the glass matrix or a decrease of their average size (Table 6). A larger 
increase of the interface thickness is observed when using a raw glaze when compared to its 
equivalent frit (Table 7, Figure 4). This may be due to a decrease in the effective Pb/Si ratio that 
happens in the frit glaze as a consequence of its faster fusion and consequent higher Si content in 
the fused phase. A similar effect occurs when using silica powders with different grain sizes. In 
the finer grained powder, silica is dissolved faster and at a higher extent resulting in a lower Pb/Si 
ratio. 
Figure 4 compares the interface thickness for the “raw” and frit glazes applied on to an unfired 
clay body (C0), on to a biscuit fired at 500ºC (C1), and fired at 1000ºC (C2). The results show 
that no significant differences exist between the unfired (C0) and fired at 500ºC (C1), while a 
significant reduction in the interface thickness is visible when using ceramic bodies fired at 
1000ºC.   
At the glaze firing temperature of 950ºC the formation of needle-like crystals, probably of 
cristobalite, could also be observed (Table 6). 
 
Table 6: General view of tiles with raw and frit glaze powders prepared with coarse quartz sand 
FPS180 after glazing at 950ºC, using the firing cycle FC2. 

 C0 C1 C2 

R
aw

 

   

Fr
i 

   
C0 – applied on unfired clay body; C1 – applied on a biscuit pre-fired at 500ºC; C2 – 
applied on a biscuit fired at 1000ºC (picture magnifications are roughly similar) 
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Table 7: Interface of tiles with raw and frit glaze powders prepared with coarse quartz sand 
FPS180 after glazing at 950ºC, using the fire cycle FC2. 

 C0 C1 C2 

R
aw

 

   

Fr
it 

   
C0 – applied on unfired clay body; C1 – applied on a biscuit pre-fired at 500ºC; C2 – 
applied on a biscuit fired at 1000ºC (picture magnifications are roughly similar) 

 
 

 
Figure 4: Interface thickness of azulejos prepared with raw and frit glazes with FPS180 silica 
granulometry and at a maximum firing temperature of 950ºC (firing cycle FC2). 
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Effect of slower and faster firing cycles 
When analysing the results obtained for the fritted (FC2 fast cooling and FC3 slow cooling firing 
cycles) a slight increase of the interface width is observed, as made evident by the presence of 
Pb-rich K-feldspar crystals. This effect is slightly more evident when the biscuit was fired at 
1000ºC (Table 8 and figure 5).  
 
Table 8: Interface of azulejos prepared with a frit glaze after being fired at 950ºC according to 

fire cycle FC2 (slower) and FC3 (faster). 

 C0 C1 C2 

FC
2 

- F
ri

 

   

FC
3-

 F
ri

 

   

C0 – applied on unfired clay body; C1 – applied on a biscuit fired at 500ºC; C2 – applied 
on a biscuit fired at 1000ºC (picture magnifications are roughly similar) 

 
Figure 5: Interface thickness of azulejos prepared with a frit glaze after being fired up to 950ºC 

using the firing cycles FC2 (slower) and FC3 (faster). 
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CONCLUSIONS 
The effect of firing conditions and glaze-biscuit preparation on the lead-tin azulejos interface 
morphology has been researched. Our study showed that the cross-sectional thickness and chaotic 
appearance of the glaze-biscuit interface layer does not, in itself, mean that the tile was single-
fired.  
Under the test conditions, the interface formed reached higher thickness for higher firing 
temperature and when using a “raw” vs a frit glaze as well as with a coarser silica powder.  Slower 
heating/cooling rates and the use of single (C0) and partial (C1) pre-firing temperatures also led 
to higher interface thickness.  
These morphological modifications are accompanied by significant chemical changes at both the 
glaze and ceramic levels, which may help to understand better the interactions between them. 
These aspects are currently under research and will be communicated in future papers.  
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SUMMARY: The interest in technical art-historical sources has grown in recent years as has the 
awareness that they are invaluable in improving our knowledge and understanding of both the 
composition and degradation of art objects. This research has centred on the interpretation of 
Dutch 17th and 18th century tin-glaze recipes as described in contemporary, written sources. 
Research into the raw materials described in the recipes combined with EDX analysis of a 
reference group of historical tiles enabled the reconstruction of a historical glaze, the beginning 
of an ongoing project that is exposing new information on the nature of the fluxes used in the 
recipes, in particular the sodium components. The findings expand our understanding of the 
glazes used on Dutch tin-glaze tiles and objects. 

 

KEY-WORDS: Tin glaze; Historic glaze recipes; Glaze reconstruction 
 
 

INTRODUCTION 
Researchers of historical Dutch tin-glazes are extremely fortunate in having both hand-written 
and published indigenous historical sources which document 17th and 18th century tin-glaze 
recipes as well as providing information on the production of both tin-glaze household wares and 
tiles. The findings presented in this paper are part of a broader PhD research into the production 
of Dutch tin-glaze tiles in the 17th and 18th century. While there is evidence in de archival 
documents that specific clay mixes and glazes were used in tile production, one has to consider 
tin-glaze recipes in a broader context. Although a number of productions specialised in tile 
production, many Dutch factories produced both tiles and household wares.  An initial step in the 
assessment and interpretation of indigenous Dutch tin-glaze recipes is to compare them with other 
European written sources describing tin-glaze recipes, some of which claim to document recipes 
from Delft. 

HISTORICAL TIN-GLAZE RECIPES 

The earliest records of tin-glaze recipes 
Although the treatise written by Abu’l-Qasim in 13011 is considered to be the earliest text relating to 
tin-glaze technique, the glazes discussed are compositionally closer to alkali frit glazes. Of greater 
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relevance is the three-part manuscript ‘The Book of the Potter’s Art’ written by the Italian 
Cipriano Piccolpasso (1524-1579) in circa 1558.2  Piccolpasso was known to have had contact 
with Flemish potters and there is an evident similarity between some of his recipes and techniques 
he documents and those found in the Dutch sources a hundred years later.  Interestingly, 
Vannoccio Biringuccio’s published a few years earlier in 1554,3 describes tin-glaze recipes very 
similar to those found in Piccolpasso. This either suggests that Piccolpasso had taken recipes from 
Biringuccio’s publication, or that similar recipes were used throughout Italy at the time.  A 
simplified overview of these recipes can be found in table I. 
 

Table I: Early historical tin-glaze recipes 

Recipes specifically relating to Dutch tin-glaze production 
Indigenous Dutch sources that document historical Dutch tin-glaze recipes have been mentioned 
in previous publications4. The most quoted text relating to Dutch tin-glaze production is Gerrit 
Paape’s treatise ‘De Plateelbakker of Delftsch’ published in 17945. Paape (1752 – 1803) worked 
as an apprentice decorator in a Delft faience factory from the age of 13 for a number of years, 
after which he worked as a journalist and writer. In this treatise he describes the materials and 
techniques used in the Delft faience industry at that time. However, arguably the most significant 
historical source regarding Dutch tin-glaze recipes is a 160-page parchment-bound, hand-written 
notebook kept in the archive of the Museum Hannemahuis in Harlingen6 (see figure1). The 
notebook was written between 1712 and 1720 by Petrus Sijbeda (ca.1670 - ca.1721) a factory-
owner from a family of Harlingen potters. In the notebook Sijbeda documents over 80 recipes 
from his father and other factories for tin glaze, coperta (lead) glaze (kwaart), on-glaze colours 
and kiln glaze (binnenverf), as well as providing recipes for clay mixes suitable for tiles (stenen), 
tableware (schuttels) and kiln bricks (boogstenen). The glaze recipes he describes are primarily 
from Harlingen, but some are also attributed to other production centres, notably Delft, Utrecht, 
Rotterdam, Makkum and even England. In certain cases the specific potters’ names that are linked 
to glaze recipes have been shown to be historically accurate. Many recipes are also dated, ranging 
from 1659 to 1720. Sijbeda describes the quality of the different glazes and clay mixtures and 
often the source and cost of materials. Another similar written source that is only available in 
transcript is the hand-written oven-book of another Harlingen potter Sijbrand Feitema7 dated 
1725. Figure 1 shows two recipes dated 1672 and 1674. 
Historical Dutch tin-glaze recipes can also be found in other European written sources (see Table 
II). The recipes are generally attributed to Delft which was the most important centre of faience 

AUTHOR DATE ‘MASTICOT’ (M) 
 

Proportional 
W% in 

masticot 

‘TINAS’ (TA) 
LEAD: TIN 

(weight before 
calcination) 

Prop. w%  
tinas 

FINAL 
GLAZE 

MIX  
M:TA 

Biringuccio, 
Vannoccio 

1540 3 sand:  1 wine lees 10: 3+ 100: 20 
 

5: 1 Albertus’ 
3: 1 

Pilcolpasso 
‘common 

white’ 

1558 30 sand: 12 wine 
lees 

10 : 4 17 : 12 5: 4 50: 30 
+ 8 salt 

Diderot 1756 [1]   150 Nevers* 
sand 

[2]    80 sand: 50 
soda 

*known to have a 
high CaCO3 w% 

10 
10: 6.2 

100: 20 
50: 50 

5: 1 
1 : 1 

150: 100 
+ 25 salt 
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production at the time.  The German scientist, alchemist and glass maker, Johann Kunckel, 
(1637?-1703), published a treatise in 1679 in which he provides 60 recipes for glass and glaze, 
allegedly collected in the Netherlands.8 The treatise was translated into Dutch in 1774 by an 
author under the name of AF, possibly the painter Albertus Frese (1714 – 1788)9. Information 
from Kunckel’s treatise was used for Diderot and d’Alembert’s entry on ‘Fayence’ in the well-
known ‘Encyclopédie’ published in 175610. 

 

Table II: Historical ‘Dutch’ tin-glaze recipes 

 

Figure 1: Page 25 of Petrus 
Sijbeda’s recipe book with 

Harlingen tin-glaze and clay- 
mix recipes dated 1672 and 

1674 

AUTHOR DATE ‘MASTICOT’ (M) 
 

Proportional 
W% in 

masticot 

LEAD: TIN (T) 
(before 

calcination) 

Prop. w%  
tinas 

FINAL 
GLAZE 

MIX  M:T 

Kunckel 
‘Delft’ 

1689 100 sand: 30 soda: 
40 wine lees 

 

10 : 3 : 4 100 : 33 3:1 100: 80 
+ 10 salt 

 

Sijbeda 
(average of 

recipes) 

1721 
 

[1] 300 sand: 60 
soda1: 36 potash 
[2] 300 sand: 100 

soda2 

1 Alicante soda 2 
‘English’ soda 

10: 2: 1 
10 : 3 

200: 60 3:1 100:  66 
+ 22 salt 

Diderot 
‘Blanc de 
Hollande’ 

1756 50 sand : 20 soda: 
15 potash 

(+ 6 oz. 
manganese) 

10 : 4 : 3 20 : 20 1:1 100 : 40 

Frese 
Albertus 

(Translation 
of Kunckel) 

1774 100 and: 30 soda: 
40 potash 

 

10 : 3 : 4 100 : 33 3:1 100: 80 
+ 10 salt 
(+ cobalt 

and 
copper 
filings) 

Paape 
 

1794 500 sand: 30 soda: 
60 salt 

 

10 : 0,6: 1,2 10: 3 3:1 65: 50 
(+ 0,5 
smalt 
and 

copper 
filings) 
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Dutch Tin-glaze recipes in historical context 
Looking at the historic recipes one is struck by the similarities in terminology and composition, 
despite the fact that the recipes cover 250 years and are from authors from different countries that 
have quite different backgrounds and experience with the ceramic industry. Almost all the sources 
describe the tin glaze as being made from two compounds which were made separately: the first 
is a glass frit (masticot in Dutch, marzacotta in Italian) and calcined lead and tin (tin ash or tinas 
in Dutch but only vaguely referred to as tin or latta in Italian). Masticot was a mixture of sand 
(primarily quartz) and flux (soda and/or potash and occasionally common salt), which was melted 
on the bottom of the main kiln before being broken up and ground into a powder to make a frit. 
The second lead-tin mixture (tinas) was produced from lead and tin metal blocks which were 
weighed to specific proportions before being calcined in a separate tinas oven or tin kiln (a 
separate kiln was necessary due to the emission of sulphur that would affect the glaze firing). The 
masticot and tinas powders were then combined, usually with added salt and/or potash, before 
again being melted on the bottom of the kiln (in a crucible in Italy and piled within a ‘wall’ of 
masticot powder in the Netherlands11). The melted mass was then milled, mixed with water, and 
applied to the fired ceramic. 
The glaze recipes were all measured in weight, generally in pounds (lb). The weights are 
proportional as weight measurements, (measurements in ‘pounds’ would have varied between 
countries and even cities). The masticot mixes appear to fall into two main groups.  In the Italian 
recipes, the proportion of sand to flux in the masticot is around 10: 4. This is similar in Sijbeda’s 
recipes. However, while Paape’s masticot recipe contains far less flux, the proportion of flux in 
Kunckel’s ‘Delft’ recipe is double that of the first group. This is reflected in Diderot’s and 
Albertus’ ‘Dutch’ recipes, which is not surprising considering that they sourced their information 
from Kunckel. Kunckel’s ‘Delft’ recipe is made even more questionable as it describes the use of 
wine lees (also known as tartar), the source of potash used in the wine-producing regions of the 
south. Also, the proportions of tinas to masticot in Kunckel’s final glaze recipe is exceptionally 
high.  
The proportional weight of lead and tin used to produce the tinas in the Dutch recipes is less 
variable, consistently giving proportions of 3:1 of lead and tin. The one exception is found in 
Diderot who documents the use of equal proportions, also seen in some of the earlier Italian 
recipes, which may suggest a lower tin purity. While it appears possible to divide the documented 
historical tin-glaze recipes into groups, one must be aware that these are simplified recipes. 
Piccolpasso describes a number of recipes from different Italian regions, which vary 
considerably, assumedly due to variations in the raw materials from the different geological areas.  

INTERPRETING 17TH & 18TH CENTURY DUTCH TIN-GLAZE 
RECIPES 
Having demonstrated that the Sjbeda tin-glaze recipes make sense within an historical framework, 
the next step was to attempt to interpret the meaning of the terms used in the recipes in order to 
understand the composition of the materials they describe. To do this one has to consider the 
sources and availability of raw materials at the time as well as the methods of extracting and 
refining these raw materials, taking into account probable variations in quality. 

Sand  
Sand provides an easily available source of silica (SiO2) for the production of glass and glaze.  
Sand is ground stone with a grain size varying from 0,125mm for very fine sand (125µm) up to 
1mm for coarse sand. In general sand consists primarily of silica due to silica’s chemical 
inertness, hardness, and resistance which results in a slower process of weathering.  Sand often 
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contains other common elements such as iron (Fe2O3), calcium carbonate (CaCO3) and feldspar 
(aluminosilicates rich in K, Na or Ca). Such impurities may not only affect the colour of the final 
glaze, but also function as fluxes at higher temperatures, (especially feldspar and calcium). In the 
historical recipes we see that Diderot recommends the use of sand from Nevers which is known 
to have a high CaCO3 w%. Sijbrand Feijtema mentions that sea sand was used in the Harlingen 
factories, commenting that sand from Terschelling (an island in Friesland) produces a poorer 
product than sand from The Hague (also known to have a high CaCO3 content).  

Soda 
The Dutch recipes all contain soda or zouda. The term soda suggests that the material being added 
was sodium carbonate, a common product that was easily available.  Soda had been produced and 
traded for centuries to make soap, to bleach textiles and to make glass.  

Barilla  
The earliest European glassmakers of Venice sourced soda from salt-tolerant (halophyte) desert 
or sea plants of the genus Salicornia, such as Salsola soda, known as barilla, from the salty 
morasses of the Mediterranean Sea. The best quality barilla comes historically from Alicante in 
Spain12. Alicante zouda is specifically mentioned in a number of the early glaze recipes in 
Sibeda’s notebook13.  Salsola soda  contains a relatively high sodium carbonate content (30 – 
40%) together with some potassium, calcium and magnesium carbonates14.  

Kelp  
In the early period of tin-glaze production in the 16th to mid-17th century the main source of soda 
to make glaze would have been imported barilla. From the mid-17th century, local sources of 
sodium carbonate became available in Northern Europe extracted from seaweed, primarily from 
cold-water seaweed from the Laminariaceae family, known as kelp, and the Fucus family, known 
as wrack. Sijbeda specifies the use of engelse soda (English soda). One can assume that this refers 
to soda produced from kelp. These recipes date from about 1670 which is the period that the kelp 
industry in Britain was rapidly developing.15 Kelp was first harvested and calcined by burning in 
the Scilly Islands but during the 1700’s Scotland became the main supplier. 
In 1750 Sijbrand Feytama described glaze recipes containing both Alicantsche zouda and 
Schotsch soda (Scottish soda). In the same period Diderot provides a recipe for English white 
(tin-glaze) using soda made from Normandy seaweed16.The amount of sodium carbonate that can 
be extracted from kelp or wrack is far lower than from Barilla. Robert Brill analysed a number of 
North Sea wrack samples17 concluding that they produced equal amounts of Na and K (oxides), 
which constituted between 29.2-40.7% of the total ash. Similarly, there were equal amounts of 
Ca and Mg oxides (10.7-22.8% of the total ash). He referred to the glasses produced with kelp as 
a flux as being ‘mixed-alkali’.  
In the Sijbeda recipes containing Alicante soda, not only is the w% of soda generally lower, but 
potassium in the form of pot-as (potassium ash) or wied-as (plant ash) is always added, resulting 
in a similar mixed-alkali glaze frit. In 1823 Feytema commented that one only has to use half the 
Alicante soda as it is not as ‘fat’ as the Scottish soda. Brill mentions the fact that there would 
have been variations in the composition of kelp or wrack depending on where and how it was 
harvested and at what time of year18. The fact that it was a question of trial and error can be seen 
in a Sijbeda recipes dated 1718 where different percentages of English soda are recommended 
depending on whether the soda is ‘strong’ or ‘weak’. Similarly, year later in 1719 a higher 
percentage of soda in a recipe is explained by the fact that the soda is ‘weak’. Sijbeda states that 
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if the soda used was of poor quality, the glaze would be ‘dry’, presumably meaning that it would 
lack shine. 

Potash  
Potash (K) is used in glass and glazes in the carbonate form (K2CO3), known as pearl ash or in 
the form of tartar. Wine lees, or ‘cream of tartar’ is a by-product of winemaking and a common 
source of potassium in winemaking regions, primarily consisting of Potassium bitartrate 
(KC4H5O6)19. Piccolpasso discusses three types of deposits that accumulate in wine barrels: 
tartar, argol, and lees. Ashes of wine lees can contain as much as 90 % potassium carbonate20. 
Potash is also obtained in the form of potassium carbonate or potassium hydroxide from wood 
ash (generally beach, pine or birch) and other plants such as ferns and bracken21. The wied-as or 
pot-as mentioned in Dutch sources suggests that potash was sourced from wood ash or ferns.   

Lead  
Lead oxide (PbO) has been used to create glazes for thousands of years. It is easy to apply and 
forms a glass at a low temperature. To produce the tinas, lead and tin metal blocks were heated 
in a separate (tinas) oven with tin. When pure lead is heated a yellow, amorphous powder forms 
on the surface known as litharge (lead(II)oxide). This was scraped off as it formed in the kiln. 
The Dutch terms for litharge were loodglit, goudgelit or loodas.  Sijbeda shows that that lead 
metal was obtained from different sources and was of different qualities. As well as lood (lead), 
he mentions the use of theelood (tea lead from tea chests) and oude plat lood (old lead sheet). In 
the pure lead-glaze or kwaart recipes, the use of goudgelit (litharge) was always specified.  

Tin   
As with lead, potters calcined tin metal in an oven to make tin oxide (SnO2). The sources of tin 
were limited in the 17th and 18th century. The high quality of the tin from Cornwall in England 
had been known since the Romans and is mentioned by both Pilcolpasso and Sijbeda.  Sijbeda 
describes variations in the quality of tin used for the glazes using the terms fijne tin (good quality 
tin) and keur tin (standard quality tin). He states that after English tin, the next best quality was 
from the province of Holland (two provinces in the west of the Netherlands) and the poorest from 
local suppliers in Friesland (the province in which Harlingen is situated). The different quality 
of glazes recorded by Sijbeda, ranging from sleght (poor) to high quality wit wit (white, white), 
appears largely related to the proportion of tin. Sijbeda noted that the best quality tin glaze has 
such a high proportion of tin that it is too expensive to be practical, although he later comments 
that it is worth using a good quality glaze as the wares can then be sold for a higher price. Tin 
was probably the most expensive ingredient in tin-glaze and potters did their best to use as little 
as possible.  
Figure 2 shows the w% of tin used in the dated glaze recipes in Sijbeda. The quantities refer to 
the tin in its metal form before calcination as a percentage of the final glaze mix. The final amount 
of litharge produced would have been dependent on the purity of the tin used. Taking into account 
the weight change during calcination, the tin w% is seen to range between 7 and 11. In the two 
recipes where a lower tin w% is documented, one (A) is said to be of poor quality and the other 
(B) used for an unmixed clay with a lower CaCO3 content. In the one example where a high 
percentage of tin is used (C), impure tin solder was used. Interestingly, while the w% of tin metal 
appears to remain fairly consistent in the recipes, proportion of tinas used in the final glaze mix 
(as seen in the recipes) appears to increase slightly over time, possibly suggesting that the quality 
of the tin used may have decreased. 
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Figure 2: The w% of tin (metal) calculated from the (dated) recipes in Sijbeda’s recipe book 

1670 - 1812 

Salt  
When the ground masticot and tinas powder were combined to make the glaze, common salt or 
zout was generally added before the glaze mix was melted at the bottom of the kiln. The 
proportion of salt used in the final glaze mix in Sijbeda’s recipes remained consistently around 8 
w% in the later recipes. Salt is found in almost all historical tin-glaze recipes including those in 
Pilcolpasso, Diderot and Kunckel We know that the ‘salt’ referred to is sodium chloride due to 
the fact that is it often referred to as ‘sea salt’. Of the 76 glaze recipes in Sijbeda only three recipes 
do not include salt in the final mix.  These, including the oldest dated recipe dated 1659, are all 
referred to as being poor quality glazes. Only two recipes in Sijbeda dated 1812 and 1815 include 
salt in the masticot, as does the recipe in Paape.  
There does not seem to be an explanation as to why salt was added. Logically it would have been 
added to as a source of the flux sodium However ‘soda’ was already available and used for the 
masticot (sourced from of kelp or barilla). One consideration is that the salt was cheaper, but the 
references to the advantages of using imported Portuguese salt from St Ubes show that cost was 
not the main issue. Bastenaire-Daudenart22 even states that while one can replace the soda with 
sea salt, the sand will not fuse as well with salt as with Alicante soda. The different chemical 
formulations of salt and soda result in different reactions in the kiln. NaCl melts at 801˚C at which 
point chlorine gas is emitted, a reaction that occurs fairly quickly. Sodium carbonate (Na2CO3) 
melts at 851˚C and undergoes thermal decomposition resulting in the formation of NaO and CO2. 
This process is slower, possibly providing more time for the sodium to react with the silica.  
Salt is clearly considered to be of an advantage in the glaze mix. At one point Sijbeda claims that 
the proportion of salt is responsible for the whiteness of the glaze. This idea was supported 
elsewhere by Bastinaire-Daudenart when he claimed that (common) salt was more important than 
soda or potash for the production of tin glaze. Franchet was still supporting this idea in 1911.23 
Bastinaire claims that, although soda works better as a flux, salt has the advantageous property 
of bleaching the glaze. He suggests that the reaction on heating and consequent emission of 
hydrochloric acid results in fusion of the tin, lead and silica, as well as the elimination of 
unwanted substances in the glaze, thereby ‘retaining the beauty of the product.’ He appears to 
suggest that a reaction occurs that ‘dissolves’ unwanted discolouring material in the glaze. This 
idea is supported by Prudence Rice,24 who states that sodium chloride in a glaze mix results in 
the vaporisation of traces of iron oxide with chlorine emissions during firing. The quality of the 
salt is also shown to have been an issue. In 1770 Tjallingii complains that plates and tiles were 
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discoloured vol blauw (completely blue) due to the use of allemattes zout (common salt) rather 
than imported sea salt from St Ubes in Portugal. 

Colourants 
Both Albertus and Paape mention the addition of small amounts of cobalt oxide in the form of 
smalt and copper filings in the Delft glazes. It is presumed that this was done either to whiten a 
yellow-tinted glaze, or to attempt to achieve a colour closer to that of Chinese porcelain glazes.  

COMPARISON OF THE RECIPES WITH THE PHYSICOCHEMICAL 
ANALYSIS OF DUTCH TIN-GLAZE TILES 
Another means of assessing the glaze recipes in the source documents is by comparing the 
composition described in the recipe with data on the elemental composition of Dutch historic tin-
glaze tiles from the period under study. A set of historical tiles was selected with a range of 
manufacture dates and production centres (see figure 3).  

 

 
Figure 3: Overview of tile selection analyzed with SEM-EDX 

The provenance of Dutch tiles is notoriously problematic, and the primary criteria was to find 
tiles where the centre of production could be determined with as much certainty as possible. The 
determination of provenance was made based on the decorative style, documentation, the history 
of the building where tiles had been removed, or excavation data.  The tiles were acquired on loan 
from museums or private collectors. Kiln waste from Harlingen and Rotterdam was also sourced. 
Three specific production centres were chosen: Rotterdam, Harlingen and Utrecht. Apart from 
being important production centres, Rotterdam and Harlingen were chosen due to the fact that the 
majority of historical archival sources are linked to these cities. Delft tiles were not chosen as 
Delft was not a major producer of tiles, quickly specialising in faience objects. In addition, 
provenance of early Delft tiles is notoriously problematic. 

SEM-EDX ANALYSIS 
Scanning electron microscopy (JEOL 9510LV E) coupled with an energy- dispersive X-ray 
detection system (Thermo Noran system 6) was used to obtain microstructural and elemental 
characterization of the tile set.  The analysis was performed at low vacuum (30 Pa), 10-20 kV 
high voltage and a working distance of 10 mm. All cross-section samples were imaged in back-
scatter mode which provided information on the morphology of the glazes. Semi-quantitative 
data on the elemental composition of the glazes was obtained with energy- dispersive X-ray 
detection. Concentrations are reported as oxides of elements as ceramics and glass materials 
primarily contain elements in the form of oxides. 
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Sampling 
Three samples of about 1mm (the samples included both the glaze and ceramic body) were taken 
from different areas of each tile using a drill with a 1 cm diamond disk. The samples were 
embedded in Epofix epoxy resin and polished using silicon carbide paper to 4000 mesh. EDX 
measurements were taken of three areas of the glaze and the average calculated.  

Results 
The back-scattered SEM images (see figure 4) show examples of how the homogeneity of both 
the glaze and ceramic tile improved during the 17th and 18th century.  The EDX data of the glaze 
composition was normalised to take into account the influence of the epoxy embedding material 
on the C and O measurements.  Figure 5 gives an overview of the w% of the composition of the 
historic tile glazes dated between 1600 - 1750 as oxides (SiO2, PbO, SnO2, Na2O, K2O, and CaO). 
Although the elemental composition is seen to vary, certain patterns can be observed. The w% of 
silica remains fairly constant at +/-  50%, K2O at 3- 5 %, Na2O at 2 - 3% and CaO at 4%.  The 
SnO2 w% is variable, ranging from 6 – 12w%. There appears to be a slight increase in the w% of 
tin over the period which could be seen to reflect the increase seen in the Sijbeda recipes in figure 
2. 
 

 
Figure 4: SEM backscattered images showing the examples of the glaze and ceramic 

morphology of Dutch tiles in the period: Rotterdam +/- 1620 (above), Utrecht +/- 1720 
(below) 
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Figure 5: A comparative overview of the w% of major elements (reported as oxides) 

in the reference group of Historical Dutch tin-glaze tiles from 1600 – 1720 (SEM-
EDX, JEOL 95 10LV E, low vacuum 30pa) 

RE-INTERPRETATION AND RECONSTRUCTION OF A RECIPE – A 
PILOT STUDY 
The information gained from research into the raw materials and the chemical analysis of the 
historic tile glazes was used to re-interpret one of the Sijbeda glazes in order to make a glaze 
reconstruction. The aim of the reconstruction was to assess in how far the new information 
regarding the raw material composition could be supported. 

‘A good glaze from my father’  
The re-interpretation of a recipe 
The glaze recipe chosen for reconstruction was a Harlingen recipe from page 9 in Petrus Sijbeda’s 
glaze book (see figure 6). Sijbeda writes that the recipe was used by his father to make tiles ‘bij 
mijn vader tot de fijn steentjes gebruikt’ (used by my father to make good quality tiles). The 
composition of the recipe was calculated taking into account the interpretation of the ‘soda’ as a 
mixed-flux. In addition, 6,0 w% CaCO3 was added to compensate for the 4% CaO found in all 
the historical glazes (which would have been present in the kelp ash and possibly also the sand). 
When using the EDX results of the fired glazes to calculate a raw glaze recipe, the calcium, 
sodium and potassium oxides had to be recalculated to represent the carbonate form in which they 
were present in the raw materials. Similarly, the slight difference in w% between the lead and tin 
metal proportions once they were calcined had to be taken into account. The composition of the 
glaze that would result from the re-interpreted recipe was compared with the average chemical 
composition of historic glazes (see table III). As can be seen, the interpretation of the ‘soda’ as a 
mixed-flux brings the composition closer to that of the analytical results of historic glaze, 
although the sodium w% appeared still somewhat higher in the recipes than in the historical 
glazes. The main reason for this is considered be the impurity of the soda and the fact that the 
kelp would not have consisted of pure carbonates. 
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Figure 6: Recipe on page 9 of Sijbeda’s recipe book described as a glaze ‘used by my 

father for good quality tiles’ 

 

 
Table III: Calculation of the ‘good’ Sijbeda recipe 

The glaze reconstruction 
The glaze reconstruction protocol followed the historical processes as closely as possible within 
the feasible health and practical and health and safety limitations. The glaze was produced made 
in two stages as described. The process of calcining tin and lead in an open oven was not 
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attempted due to health and safety issues. Silver sand that contained less than 1 w% iron and 
calcium was used as the zand in the recipe. The sand was analysed shown to contain less than 
1w% Fe2O3. The grain size varied between 150 and 250 microns.  Pure sodium and potassium 
carbonates were used for the soda as a mixed flux and calcium carbonate was used for the 
calcium. The tinas was made up from pure litharge (PbO) and tin oxide. Sea salt was used for the 
zout in the recipe.  When calculating the ingredients, the lead and tin quantities had to be 
recalculated as the recipes refer to the metal state whereas the oxides created by calcining were 
used for making the final glaze mix. Table III shows how the glaze recipe was calculated and 
compared with the expected fired glaze composition as well as the average of the EDX analysis 
results of historical Dutch tiles glazes (see Figure 5). The calculations were based on the raw 
materials being pure. 

MAKING THE MASTICOT AND FINAL GLAZE 
The melting of the masticot and glaze mixes was undertaken in a well-ventilated gas kiln. 
The components of the masticot recipes were mixed and piled on a bed of sand on the bottom of 
a gas kiln (see figure 7). The firing protocol was formulated from what is known about the kilns 
and firing procedures of the period25. The kiln was heated at 100˚C per hour up to 700˚C and then 
brought up to 1000˚C where the temperature was held for 30 minutes before leaving the kiln to 
cool naturally. The masticot was ground in a granite mortar and passed through a 800 µm mesh. 
It was then mixed with the tinas mixture and the sieving and firing process was repeated. The 
glaze powder was mixed with demineralized water and applied by pouring to ceramic test tiles 
that had already been produced from historical clay recipes with CaCO3 weight percentages of 
20, 30 and 40%26 after which the glaze was pared-down to a thickness of 0.8 mm (this was done 
by drawing a 8mm high glass profile across the glaze). The glaze tests were fired in a vertical 
position to 980˚C. 
 

 

Figure 7: Masticot (left) and glaze mix (right) before and after firing 

Comparing the glaze tests with historical tiles 
Figures 8 and 9 show the results which are now undergoing investigation. As can be seen, it was 
possible to achieve a successful glaze. The glaze produced on ceramic bodies made with a higher 
CaCO3 % is glossier and better vitrified. This suggests that the CaCO3 in the ceramic body 
appears to work as a flux for the glaze. Further tests are being undertaken to assess the influence 
of variation in firing temperature.    
When comparing the EDX results with those of an historical Harlingen glaze from the same 
period as the recipe, the similarity is evident, although the w% of sodium shown after analysis is 
still too high in relation to that of potassium. In addition, magnesium is missing in the glaze 
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reconstruction. As the silver sand used was known not contain any significant amounts of 
magnesium it most probably originated from the kelp. The glaze reconstruction also has relatively 
large tin oxide crystals a broader glaze-body interface, probably due to the high w% of sodium in 
the glaze which is a particularly effective flux. Further investigation needs to be undertaken into 
the composition and crystal formations at the interface. 
 

 
Figure 8: The Sijbeda glaze on test tiles (20/30/40 w% CaCO3 in the clay). The 
temperatures given are the temperature used for the initial ‘biscuit’ firing of the 

ceramic test tile. 

 

 
Figure 9: SEM-EDX analysis results of Harlingen ‘Rabbit’ tile dated 1640 compared 
with pilot reconstruction of Sijbeda Harlingen tile glaze recipe (JEOL 95 10LV E, low 

vacuum, 30pa) 
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CONCLUSIONS 
The research into raw materials, recipe re-interpretation, glaze reconstruction and preliminary 
glaze tests have provided significant new insight into the composition, sources, and influence of 
the raw materials used in Dutch tin-glaze production. Of particular interest is the source of the 
‘soda’ in historic recipes, which from the later 17th century was extracted from kelp and wrack 
and would in fact have been a mixture of sodium and potassium carbonate rather than pure soda. 
Also of interest is the significance of the sodium chloride added to the final glaze mix in most 
recipes.  Both issues are the subject of continuing research and experimentation. When 
interpreting historic glazes, it is clearly essential to consider the composition within the confines 
of sources and the purity of the materials described.  
The high w% of sodium in the simple glaze calculations is clearly not only due to the fact the 
kelp ash would not have consisted of pure soda oxides, but also due to the fact that the raw 
material obtained would have contained unburnt and carbonaceous matter. The variation in the 
composition of the kelp and wrack extracted at different points in the calendar year is now under 
investigation. It is thought that the sodium/potassium ratio varied depending when the kelp was 
harvested which may explain the low w% of the K in the reconstructed glaze. 
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SUMMARY: Since the 1980s, when conservation science started to become an internationally 
recognized discipline within the cultural heritage sector, the analytical characterization of 
ceramic manufacture processes has been of wide interest. Therefore, in the last decades, 
numerous research projects were carried out in this field, as the ones of Catapano [1] and 
Bersani [2].  
The application of analytical techniques to the study of majolica artefacts and artworks has led 
to a considerable progress in the knowledge of its production technology, as remarked by Tite 
[3]. Furthermore, these techniques allow to distinguish between objects that may have a similar 
appearance, but that were made using different raw materials. However, to obtain reliable 
stratigraphic information of majolica objects, invasive techniques are often employed, as in the 
works of Alaimo [4], Padeletti [5] and Pérez-Arantegui [6]. 
Instead, in the area of cultural heritage studies there is a special need for in-situ non-
destructive and mobile techniques, since often ceramic artefacts and artworks cannot be moved, 
as Van de Voorde reports [7]. The development and the use of such mobile devices, is therefore 
fundamental in ceramic conservation science. 
For the aforementioned reasons, in this project a state-of-the-art method for non-invasive 
visualization of (sub)surface layers present in works of art was employed for the first time. The 
aim was to study ceramic artefacts and artworks, and more specifically: six ceramic tiles of 
different origins, and an Antwerp majolica tile tableau manufactured in the mid of the 16th 
century, as suggested by Caignie [8]. Macroscopic X-ray fluorescence scanning (MA-XRF), a 
technique developed by Alfeld [9] over the last decade for the investigation of historical 
paintings, was used to: 
1. determine the characteristic elements of the renaissance majolica production process and 

the pigments that were used for the colorful motifs present on these majolica tiles; 
2. gain new insights on the late 19th century Villeroy & Boch ceramic tiles manufacturing 

process. 
Furthermore, by using the software package PyMCA developed by Solé [10], and the in-house 
written software package Datamuncher developed by Alfeld [11], a careful interpretation of the 
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ensuing elemental images allowed to visualize earlier retouchings in a detailed fashion and to 
distinguish original tiles from pieces that were introduced during nineteenth and twentieth 
century restoration campaigns. 
These results illustrate the reasons why MA-XRF is well suited for the study of (nearly flat) 
ceramic artefacts and artworks. 
 
KEY-WORDS: Ceramics, MA-XRF, Non-destructive analysis, Tiles 
 
 

RESEARCH OBJECTIVES  
Within the broad field of ceramics, this project focused on 16th century Antwerp majolica, 
probably originating from the studio of the famous Antwerp majolica maker Guido Andries 
(Guido di Savino), one of the Italian craftsmen who brought the majolica technique to Antwerp, 
transforming the city into an important center for majolica art. 
Next to that, were also investigated two industrial tiles probably manufactured at the end of the 
19th century by the Villeroy & Boch ceramic factory. 
In order to chemically characterize these materials, were performed several MA-XRF scans. 
The penetrative properties of the X-ray beam, in combination with the element-specificity of the 
collected fluorescence signals, were used to investigate the four majolica tiles present in the six 
separately scanned tiles and the Antwerp majolica tile tableau - “Saul’s conversion”, to study 
the glazing techniques employed, and to document which pigments are present in the various 
colored areas of the tiles. 
In this project we also explore to what extent MA-XRF scanning, conducted prior to a full-scale 
conservation treatment, can help answering research questions related to authenticity issues. 
Through elaboration and interpretation of the MA-XRF data, we investigate whether it is 
possible to objectively make a distinction between authentic and non-authentic tiles and to what 
extent is feasible to classify the tiles with doubtful authenticity. 

SCANNING MA-XRF ON SIX SELECTED CERAMIC TILES OF 
DIFFERENT ORIGINS 

Background 
In the fall of 2015 the AXES research group of the University of Antwerp had the opportunity 
to perform, for the first time, several MA-XRF scans on ceramic tile tableaus. Six tiles of 
different manufactures belonging to the MAS (Museum Aan de Stroom) “Museum Vleeshuis” 
collection, Antwerp, Belgium, were asked to be scanned prior to a full-scale conservation 
treatment of the renowned 16th century Antwerp majolica tableau – “Saul’s conversion”; this is 
one of the most important masterpieces of the “museum Vleeshuis” collection and was also 
partially scanned in the 2015 measurement campaign (s. chapter 3). 
A photograph of the six tiles is shown in Figure 1. The reason why the conservators asked to 
perform the MA-XRF scans of the 6 tiles has to be found in the doubtful authenticity of tiles n° 
1, nº 2, nº 5 and nº 6. 
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Thanks to Caignie [8] we know the following about the six tiles: 
a) tile n° 1 and nº 2: industrial tiles, probably made by the Villeroy & Boch ceramic factory at 

the end of the 19th century; 
b) tile n °3 and nº 4: original tiles of the 16th century Antwerp majolica tableau – “Saul’s 

conversion”; 
c) tile n° 5 and nº 6: majolica tiles that look similar to the ones of the tile tableau. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 1: Photograph of the six tiles scanned in the 2015 MA-XRF measurement campaign at 
the MAS (Museum Aan de Stroom) “Museum Vleeshuis” collection, Antwerp, Belgium. 

1 2 

3 4 

5 6 
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Experimental 
The scanner used, is an advanced version of the instrument B described by Alfeld [9]. It 
consists of a measurement head mounted on a software-controlled X-Y motor stage with an 
ESP 301 3-Axis Motion Controller (Newport Corporation, Irvine, CA, USA) with a maximum 
travel range of 57 x 60 cm (h x v). The measurement head consists of a compact 10W Rh anode 
transmission tube (Moxtek, UT, USA) operated at 45 kV and 200 μA and a Vortex EX-90 
Silicon Drift detector (SDD) with a 50 mm² active area (SII, Northridge, CA, USA) positioned 
close to the incident X-ray beam. The diameter of the diverging primary beam is reduced by 
means of a 0.8-mm lead pinhole collimator, yielding a beam size of ca 1.2 mm at the surface of 
the six majolica tiles. MA-XRF scans were performed by sweeping the measuring head 
systematically over the tiles ‘surface, as in Da Silva [12]. 
Careful positioning and alignment of the scanner ensured a stable distance of ca.1.5 cm in 
between the snout of the scanner and the tiles. Alignment was obtained by manually adjusting 
the distance between the X motor stage and the tile surface while moving the measuring head 
along the X-axis. To do so, the position of the X-motor was adjusted, while the majolica tiles 
remained immobile. During the movement, XRF spectra were recorded every 700 μm (step 
size) with a dwell time of 350 ms (real time) for each spectrum, using a DXP-XMAP multi-
channel analyzer (XIA LLC, Hayward, CA, USA). 

Interpretation of the results 
Majolica tiles n° 3, nº 4, nº 5 and nº 6 
Figure 2 shows the elemental distribution images that characterize the six tiles scanned. 
All elemental distribution images presented in this paper are related to K-line transitions, unless 
differently specified. Furthermore, in all images the minimum and maximum intensity values 
were selected in order to enhance their readability and highlight the features being discussed. 
All elemental distribution images were corrected for dwell time variations by means of the 
“dwell time AXIL” tool within the “correct” window in the software Datamuncher. 
The elements visible in the distribution images presented in Figure 2 can be related to the 
different production stages of these tiles. 
As we can objectively see, tiles n° 3, nº 4, nº 5 and nº 6 appear to have similar elemental 
distribution, suggesting that these tiles were probably manufactured with the same majolica 
technique and probably in the same period: the 16th century. If we look towards tiles n° 1 and nº 
2, their composition and probably method of manufacture are clearly different if compared to 
the four other tiles, since a different elemental distribution is present. 
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Figure 2: The six tiles scanned. Photograph and elemental distribution images of K, Sn, Pb-L, 

Si, Sb, Fe, Mn, Co, Bi-L, Ni, As, Ti and Sr. Data processed with in-house written software 
Datamuncher. 

If we look at the distribution images of the elements K, Sn, Pb and Si, their presence in the tiles 
n° 3, nº 4, nº 5 and nº 6, is consistent with the typical glazed ceramics composition until the 19th 
century, consisting of (a) a ceramic biscuit and (b) a white glaze (Figure 3). 
 

 
 
 
 

 
 
 
 

Figure 3: Schematic of layering of typical glazed ceramics composition until the 19th century. 
 
The white glaze contains lead and silicon as primary components, which can be deduced from 
the relative uniform detection of lead over the tiles in the Pb-L map (local absorption to 
pigments not calculated). Furthermore, the lead distribution allows us to readily distinguish 
between original areas (presence of lead; brighter tone), the restored one in correspondence of 
the oblique line in the tile n° 6 (where lead is not present; darker tone), and the ones where the 
glaze is missing (where lead is no longer present; darker tone). 
In the original Pb based glaze, tin was added to opacify it. In addition, the potassium map looks 
similar to the tin map, due to the presence of potassium dispersed in the glaze. 
A final thin “coperta” of transparent glaze (Pb+Si+K) may have been sprinkled over the 
surface, as it was addressed by Mimoso [13] in a paper on Flemish tiles. 
The blue decorations are characterized by the presence of cobalt, suggesting the use of smalt 
(PbO-SiO2-K2O-CoO + associate elements). Although cobalt was only recognized as a separate 
chemical element in the 18th century, its use (in the form of compounds or ores) as pigment has 
been known for thousands of years. Even at low concentration levels, it produces a noticeable 

Ti Sr 

a) Ceramic biscuit 

b) White glaze 

171Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



 
 

blue tint in an enamel. As reported by Mimoso [14], the concomitant presence of arsenic, 
nickel, bismuth and iron in the blue decorations is due to the fact that, during the 16th century 
the blue pigment originated from the cobalt ores of the Erzgebirge, showing a characteristic 
association of Co, As, Ni and Fe. Eventually it may also contain different amounts of bismuth, 
Fares reports [15], as in the case under examination, suggesting that the pigment was processed 
at a relatively low temperature and therefore that the tiles n° 3, 4, 5 and 6 are ancient and of 
similar chronology. This correlation of elements agrees with the fact that the traditional 
chromophore used for ceramic pigments with a blue tint is the cobalt ion incorporated into 
different crystalline structures (silicate, aluminate, stannate, chromite, etc.), as indicated in 
Orecchio [16]. 
From the elemental distribution images of antimony and iron in Figure 2, it is clear that they are 
elements characteristic for both the yellow and orange decorations. This evidence can be 
associated with the use of Naples Yellow (Pb2Sb2O7), and iron oxides. The explanation is 
consistent with the introduction of the yellow lead antimonate pigment in the majolica palette 
from the first half of the 15th century onwards, and with the fact that many times it has been 
found mixed together with different amounts of iron oxides, as it was found in the work of 
Cartechini [17]. 
The purplish brown decorations show the presence of manganese, indicating the use of 
manganese-rich minerals (e.g., MnO2). Manganese exists in various oxidation states and can 
incur several colors. The tone of these colors in the decorations can be modified by the kiln 
atmosphere. In a non-reducing kiln conditions, the color of manganese-containing glass is pink. 
If present from 5 to 10%, manganese produces shades of purplish brown, as it was found by 
Karasu [18]. 
The retouching in correspondence of the oblique line in the tile n°6, shows the presence of 
titanium and strontium that are likely introduced to obtain the desired pastel shades during the 
restoration, or as opacifier. 

Industrial tiles n° 1 and nº 2 
As mentioned at the beginning of this chapter, the distribution of the elements in tiles n°1 and 2 
looks singular compared to the majolica tiles n° 3, nº 4, nº 5 and nº 6. This is probably due to 
their industrial manufacture. As written by Caignie [8] the tiles are likely to have been made by 
the Villeroy & Boch ceramic factory at the end of the 19th century. 
In order to gain new insights on the manufacture of the tiles n°1 and 2, the original file from 
which the elemental distribution images of the six tiles were obtained was “cut” by means of the 
“cut-off” tool within the “correct” window in the software Datamuncher, allowing to obtain the 
elemental distribution images only for tiles n° 1 and nº 2. Practically speaking, this tool allows 
to have the intensities of the identified elements only in the area of interest (the one that is cut 
out), avoiding a misinterpretation due to the fluorescence signals of elements that are more 
abundant in the surrounding areas. This is particularly useful when dealing with images that 
give an unusual combination of elements, as in the case under examination. 
Figure 4 shows the distribution images of the elements that characterize the tiles n° 1 and nº 2. 
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Figure 4: Industrial tiles n° 1 and nº 2. Photograph and elemental distribution images of K, Sn, 
Sn-L, Pb-L, Si, Co, Cu, Zn, Sb, Fe, Ca and Mn. Data processed with in-house written software 

Datamuncher. 
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If comparing the distribution images of K, Sn, Ca and Pb in Figure 4 to those of the tiles n°3, 4, 
5 and 6 (Figure 2), these elements seem to have been barely used during the different 
production stages, confirming the more recent manufacture of tiles n°1 and 2. 
The industrial tiles have a possible layered structure of two layers, consisting of (a) a ceramic 
biscuit and (b) a white glaze (Figure 5). 
 
 
 
 
 
 

 
 
 
 

Figure 5: Schematic of layering of industrial tiles n°1 and 2. 
 
The blue decorations are characterized by the presence of cobalt, suggesting the use of a cobalt 
based pigment (CoO + associate elements). From the 19th century onwards, according to 
Schalm [19] pure industrial produced cobalt-oxide (CoO) was used. This is in correlation with 
the fact that in Modum, Norway, a plant started to process the ore under the royal patronage in 
1776 and by the 1820s it supplied 80% of all the world needs in cobalt pigment, as reported by 
Mimoso [14]. Copper is also likely to be present in the blue decorations as can be deduced from 
its distribution image. This is consistent with the use, in some recipes, of calcinated copper 
(CuO). The concomitant presence of iron is due to the fact that the cobalt pigments were most 
likely obtained from cobalt-rich minerals which are often coupled with other metal oxides, such 
as Fe. The blue decorations also show the presence of zinc together with cobalt and copper, as 
from the elemental distribution images is possible to see that the painter went twice over some 
boundary areas which are “whiter” in the maps of all three elements. 
The orange and yellow areas seem to be correlated with the distribution images of antimony and 
iron, suggesting the possible presence of Naples Yellow (Pb2Sb2O7), and iron oxides (Fe2O3, 
Fe3O4 etc.). However, this is not as straightforward to say as it was for tiles n° 3, n° 4, n° 5 and 
n° 6. As a matter of fact the Fe and Sb distribution images of tiles n° 1 and nº 2 show a high 
noise/artefact level (Figure 4). A data exploration method such as the ROI imaging tool in 
PyMCA is therefore needed in order to obtain new scientific clues on the presence of the 
elements aforementioned in the orange and yellow coloured areas. 
In Figure 6 a photograph of tiles n° 1 and nº 2 is shown, together with the points (A) and (B) 
from where the local sum spectra of the orange and yellow rich areas were obtained 
respectively. Both spectra show the presence of Pb, Sb and Fe, confirming the possible use of 
Naples Yellow (Pb2Sb2O7), and iron oxides. However, the Sb signal related to the orange rich 
area is clearly less intense if compared to the Sb signal in the yellow rich area. This is an 
indication that Sb was barely mixed with Fe to create the orange tonality, instead we can 
assume that it was used to create the intense yellow color. 
 
 

a) Ceramic biscuit 

b) White glaze 
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Figure 6: Photograph of tiles n° 1 and nº 2 with point (A) - orange rich area, and point (B) - 
yellow rich area. The local sum spectra in points (A) and (B) shows that the Sb signal is clearly 

less intense in the spectrum representing the orange rich area (A), indicating that is likely to 
have been barely used in the mixture. 

 
This can be confirmed by the Fe/Sb scatter plot in Figure 7, where it is possible to clearly 
distinguish the pixels in which Fe is present almost without Sb, and pixels where Fe is present 
together with Sb and associate them with the orange and yellow areas respectively; the 
distribution of these elements can be visualized by colouring the Co distribution image in 
Figure 7 accordingly. 
 
 
 
 
 
 
 
 
 

Figure 7: Co map colorized based on the Fe/Sb ratio to visualize the presence of Naples Yellow 
and iron oxides in the yellow and orange decorations. The (negative)values before 0 in the X, Y 

axes of the Fe/Sb graph are not shown since no relevant information were found to be there. 
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In the purplish brown decorations, we expect the presence of manganese in the form of oxide. 
However, from its elemental distribution image we can evince that manganese is hardily present 
in the purplish brown decorations. On the other hand, these areas show the presence of iron that 
could have been used as oxide in the mixture (Fe2O3, Fe3O4 etc.). Tin is also present in the 
brownish spots, as confirmed by the Sn-L map. It could have been used either to lighten the 
color or, more likely, to contain the color so that it would not diffuse out of the painted area. 

3. CASE STUDY: SCANNING MA-XRF ON A MAJOLICA TILE 
TABLEAU DEPICTING SAUL’S CONVERSION 

3.1 Background 
During the 2015 MA-XRF measurement campaign at the MAS museum, Antwerp, Belgium, in 
addition to the scans of the six tiles discussed in chapter 2, the conservators asked the AXES 
researchers to perform several scans of the renowned 16th century Antwerp majolica tile tableau 
– “Saul’s conversion”. 
During the last centuries, the majolica tile tableau, due to its poor conservation state, underwent 
different conservation treatments. Some tiles were missing, so the conservators chose to replace 
them with ones made by synthetic materials.  Furthermore, the conservators implemented 
various other conservation processes aimed to restore the original appearance of the tile tableau, 
as reported in Caignie [8]. 
Since the tableau was to be restored in 2016 prior to an international exhibition, a chemical 
investigation was thought essential in order to better understand what was done in the past and 
as documentation for the planned treatment. 
This multicolored tableau (Figure 8) consists of 98 glazed tiles and was made following Italian 
techniques. The tableau is dated 1547 and is believed to originate from the studio of the famous 
Antwerp majolica maker Guido Andries (Guido di Savino), one of the Italian craftsmen who 
brought the majolica technique to Antwerp, transforming the city into an important center for 
majolica art. 
The processing and the interpretation of the data coming from the MA-XRF scans that were 
performed on the majolica tile tableau, aimed to identify the most relevant differences between 
the pigments used in the tableau and the pigments used in the majolica tiles n° 3, nº 4, nº 5 and 
nº 6 discussed in chapter 2; as well as to compare their chemical makeup in order to identify 
pigments that are not present in the majolica tiles n° 3, nº 4, nº 5 and nº  6, and to make an 
overall distinction between the original and the restored areas in the tableau, confirming the 
presence of materials and pigments that are not present in the authentic areas. 
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Figure 8: Photograph of the Tile tableau of “Saul’s Conversion”, Museum aan de Stroom – 
MAS | collectie Vleeshuis, Antwerp (Belgium). The red shapes indicate the four scanned areas 

(see below). 

3.2 Experimental 
The MA-XRF scanner and its setup parameters for the measurements that were performed on 
the majolica tile tableau, were the same to the ones used to scan the six tiles (s. chapter 2.2). 
The majolica tile tableau was not scanned in its entirety; instead four meaningful sections were 
chosen to be scanned one at a time in a total scanning time of 9 days. 

Interpretation of the results 
The presentation of the results of the MA-XRF scans performed on the majolica tiles n°3, 4, 5 
and 6 (s. chapter 2.3.1), allowed to speak about the typical glazed ceramics composition until 
the 19th century and some of the pigments employed for the decorations at that time. 
Therefore, the presentation of the outcomes of the MA-XRF scans performed on the majolica 
tile tableau - “Saul’s conversion”, aims to underline what follows: 
 any different raw material employed for pigments present either in the majolica tile tableau 

and the tiles n°3, 4, 5 and 6; 
 any pigment that is present in the majolica tile tableau and that is not present in the tiles 

n°3, 4, 5 and 6; 
 the different elemental composition of the non-authentic areas in the majolica tile tableau 

due to earlier retouchings and pieces that were introduced during nineteenth and twentieth 
century restoration campaigns; 

 the overall presence on the tableau of the elements that characterize the non-authentic 
areas. 

Original areas 
The elemental distribution images of the four scanned areas were corrected for dwell time 
variations and stitched together by means of the in-house written software Datamuncher, to 
obtain 2790 × 815 pixel images. 
Figure 9 shows the stitched distribution images of the elements K, Co, Mn, Fe and Cu. 
 

1 3 4 2 

177Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 3 4 2 

K 

Co 

Mn 

178 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Tile tableau of “Saul’s Conversion”, Museum aan de Stroom – MAS | Collectie 
Vleeshuis, Antwerp (Belgium). Photograph and elemental distribution images of K, Co, Mn, Fe 

and Cu. Data processed with in-house written software Datamuncher. The red shapes in the 
photograph indicate the four scanned areas. 

If we carefully look towards the distribution images presented, the presence of Fe in the blue 
decorations, already associated to the smalt (Si+Pb+K+Co + associate elements), agrees with 
the fact that smalt was most likely obtained from cobalt-rich minerals and for this reason is 
often coupled with other metal oxides, such as Fe. 
Black motifs are recognized and associated with mixtures of iron (Fe2O3, Fe3O4 etc.), cobalt 
(CoO) and manganese (e.g. MnO2) oxides, as suggested by Coentro [20]. 
The green decorations appear to have been prepared on the basis of a copper-based pigment, for 
example copper oxide. 

Earlier retouchings 
In order to gain further knowledge on the elements that characterize the earlier retouchings in 
the tableau, a sub-area labelled as A, was investigated (Figure 10). 
The most relevant elemental distribution images of the area A are discussed below. 
Although the elements are often correlated to colors that are not easily discernible due to the 
limited resolution of the detail photograph, it was possible to explore the complex mixtures 
used during past restoration treatments. 
 
 
 
 
 
 

Fe 

Cu 

179Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Photograph of the Tile tableau of “Saul’s Conversion”, Museum aan de Stroom – 
MAS | collectie Vleeshuis, Antwerp (Belgium). The red shapes indicate the four scanned areas, 

instead the black, yellow and white rectangles indicate the areas A, B, C being discussed. 

Sub-area A 
Figure 11 shows the most relevant distribution images for the sub-area A marked with a black 
rectangle in Figure 10. 
 

 
Figure 11: Detail photograph and corresponding elemental distribution images of Co, Cr, As, 

Ba-L, and Ti of the area (A) indicated in Figure 10 marked with a black rectangle. Data 
processed with in-house written software Datamuncher. 

 
This area was chosen because of its singular combination of elements. 
The elemental distribution map of chromium shows its correlation to the green color, suggesting 
the possible usage of green chromium oxide (Cr2O3). This was first synthesized in the 19th 
century and therefore the material in a chromium green area should be of recent date. 
The presence of cobalt mainly in the two blue flowers suggests the use of a cobalt rich pigment 
with arsenic found as an impurity. 
Titanium dioxide (TiO2) is likely to have been used to obtain the desired pastel shades during 
the restorations, or as opacifier. The deliberate use of TiO2 indicates a decoration from at least 
the 20th century. 
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Barium, as suggested by Orecchio [16], may have been used to obtain the desired hue during 
the retouching phase (e.g. blanc fixe aka permanent white, BaSO4). The presence of barium 
confirms the hypothesized dating (20th century) for the retouchings present in sub-area A. 

Later additions 
During the restoration treatments carried out by KIK-IRPA (Royal Institute for Cultural 
Heritage, Brussels, Belgium) between 1960-1965, due to the poor conservation state, Caignie 
[8] reports that some of the original tiles of the tableau were replaced by polyester replicas. 
In order to gain further knowledge on the elements that characterize the replicas present in the 
tableau, two different sub-areas labelled as B and C, were investigated (Figure 10). 
The most relevant elemental distribution images of areas B and C are discussed below. 
Since the tiles in the areas B and C are polyester replicas, their elemental composition 
significantly differs from that of the original tiles. Furthermore, the replicas are discolored due 
to aging and probably UV light. Discerning these tiles is therefore relatively easily (see Figure 
9) and the contrast in the elemental distribution images presented below highlights this. 

Sub-area B 
Figure 12 shows the distribution images of Co, Fe, Cr and Ni for the sub-area B marked with a 
yellow rectangle in Figure 10. 
 

 
 
 
 
 
 
 
 

Figure 12: Detail photograph and corresponding elemental distribution images of Co, Fe, Cr 
and Ni of the area (B) indicated in Figure 10 marked with a yellow rectangle. Data processed 

with in-house written software Datamuncher. 
 
The cobalt distribution map suggests the presence of a blue based pigment with nickel found as 
an associate element. 
The orange decorations present in the belt of the soldier, in the foot and leg on the back of the 
soldier and in the vest on the upper part of the soldier, are likely to be correlated with the use of 
mixtures containing different amounts of iron oxides (Fe2O3, Fe3O4 etc.). 
The green decoration presents in the background of the scene is well correlated to the 
distribution map of chromium suggesting the possible usage of green chromium oxide (Cr2O3). 

Co Fe 

Cr Ni 

181Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



 
 

Sub-area C 
Figure 13 shows the most relevant distribution maps for the sub-area C marked with a white 
rectangle in Figure 10. 
 

 
 
 
 
 
 

 
Figure 13: Detail photograph and corresponding elemental distribution images of Fe, Cr, Ti, Ba-

L and Pb-L of the area (C) indicated in Figure 10 marked with a white rectangle. Data 
processed with in-house written software Datamuncher. 

 
Titanium dioxide (TiO2) appears to have been used to obtain the desired pastel shades during 
the restorations, or as opacifier. If we carefully look at the iron elemental distribution image, the 
presence of Fe is evident in the orange contours of the white motifs, probably present in the 
form of iron oxides (Fe2O3, Fe3O4 etc.). In order to imitate the orange pattern of the authentic 
tiles, to some extent similar raw materials were employed. 
However, also pigments clearly not present in the authentic tiles were employed. For example, 
chromium is present in the yellow pattern together with lead, strontium and barium suggesting 
the use of Chrome yellow (PbCrO4), Strontium yellow (SrCrO4) and Barium Chromate 
(BaCrO4). 

CONCLUSIONS 
This work proposed a reliable scientific methodology to characterize the Antwerp 16th century 
majolica production and two 19th century tiles probably made at the Villeroy & Boch ceramic 
factory. The employment of MA-XRF, with the advantage of its mobility and non-
destructiveness provided elemental identification. MA-XRF scanning is a novelty in the field of 
scientific investigations carried out on ceramic artefacts and artworks. As a matter of fact, 
chemical elements present in these type of cultural heritage objects are most of the times 
determined locally and invasively. In the first case by investigating a number of locations in a 
non-destructive manner with a portable XRF instrument, in the second case by sampling the 
object and preparing a cross section through its stratigraphy for investigation with SEM-EDX. 
MA-XRF allows to gain insights on the distribution of an element over the entire surface of a 
ceramic artwork on the one hand, and for a faster investigation without the need to transport the 
ceramic artwork from the museum to a research facility on the other. The results of this research 
project are also extremely important in conservation–restoration ceramic processes, providing 
important knowledge to conservators and restorers for the use of compatible and adequate 
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materials in future interventions. In addition, this work emphasizes the possibility to 
distinguishing the major features of the Villeroy & Boch ceramic production, poorly mentioned 
due to scarcely-existing information. The scientific investigation was also able to highlight 
similarities and differences within the composition of the investigated artefacts and enables a 
verification of the hypotheses about their attribution made on art-historical bases. MA-XRF has 
two fundamental limitations: it only offers elemental, not molecular information and contrast 
and self-absorption effects can render the detection of light elements in covered layers 
challenging. Furthermore, the elemental distribution images obtained with MA-XRF are 2-
dimensional projections with only limited depth information. These limitations can be 
overcome by combining MA-XRF with complementary techniques. This is particularly 
important since only a multi-technique approach can give a complete description of complex 
materials such as the industrial ceramic tiles analyzed. 
For all these reasons we foresee the application of MA-XRF in future projects regarding high-
profile ceramic objects, especially when a non-contact and non-invasive diagnostic technique is 
needed. 
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Mortars for the reattachment of old tiles: characteristics 
needed for preservation of azulejos claddings 
Maria do Rosário Veiga 
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SUMMARY:  Azulejos used as claddings for external or internal walls are usually attached to the 
masonry with mortar. While nowadays adhesive mortars are chosen for that purpose, in older 
times, namely until the middle of the 20th century, traditional lime mortars were used.  
One of the main causes of decay of the old azulejo claddings is the degradation of mortars, 
especially due to the repeated action of water and the attack of soluble salts.  
In those cases, the preservation of azulejos requires the reattachment with an appropriate mortar, 
compatible with the substrate and with the old tile, but also effective and durable enough.  
Which kind of mortar should be selected? If high adhesion is specified, the risk is to use a very 
stiff mortar with low water vapour permeability. Moreover, very high adhesion also promotes an 
irreversible intervention. On the opposite, a mortar of moderate mechanical and hygric (water 
absorption and water vapour permeability) characteristics, closer to the old solutions, may be 
thought to present low durability and high probability of detachment.  
In the present article the selection of the mortar to be used for the reattachment of old azulejos 
will be analysed, taking into account the knowledge about mortars traditionally used for that 
purpose, the characteristics of the mixes that should be used nowadays considering the main 
requirements of compatibility and performance. 
 
KEY-WORDS: Azulejos cladding; reattachment of azulejos; setting mortar; adhesion; 
compatibility requirements. 
 
 

INTRODUCTION   
Azulejos (glazed ceramic tiles) have been used for wall claddings in Portugal at least from the 
16th century until present. Until the 19th century they were used mainly in important constructions 
and as decorative elements in interior wall surfaces. The industrialization of their manufacture, 
which started in the 19th century [1,2,3], allowed cost reduction and democratized their use in a 
broader set of building types, including simple housing buildings, and permitted application also 
as an external façade cladding, with both protective and aesthetic functions (Figure 1). They were 
bonded with air lime mortars. 
Although azulejos claddings have proved good durability, a large number of façades with glazed 
tiles of the 19th century is now in need of refurbishment and the main damage is often the 
detachment of tiles, due to degradation of the old setting mortars, suffering loss of cohesion or loss 
of adhesion, usually due to moisture and soluble salts attack [4] (Figures 2 and 3). Hence, for 
maintenance, the reattachment of old tiles using newly prepared mortars is often needed.  
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Figure 1: Housing buildings of the period 19th 
– 20th century with azulejos cladding façades 

(Lisbon, Portugal) 

Figure 2: Azulejos cladding in a housing 
building façade with degradation due to loss 

of cohesion of bonding mortar (Porto, 
Portugal) 

Along the years the manufacturing processes of tiles evolved and the industrialized glazed tiles 
manufactured nowadays have rather different characteristics, when compared with the 19th 
century semi-industrialized ones, from the point of view of their microstructure as well as their 
decorative patterns [5]. Experimental work developed about this subject [1,6] show that the old 
azulejos (late 19th century) tested have higher porosity (aprox. 40-50%) and a narrower range of 
pores dimensions (aprox. 0.2-1 micron) with maximum concentration in smaller pore size (aprox. 
5 micron), by comparison with the modern ones, the most common presenting: aprox. 30-40% 
porosity; range of pores dimensions aprox. 0.3-4 micron; maximum concentration in aprox. 0.7 
micron. Hence, these historic azulejos have in general higher water absorption and generally 
higher capillary coefficient than the modern ones [7]. The bond between lime mortars and porous 
substrates is mainly physical, produced by the penetration of the fine particles of mortar, 
dispersed in water, into the porous structures. The connection is developed by the hardening of 
the binder inside the substrate [8,9], in this case inside the pores of the ceramic body of the tile. 

Considering also the differences between old and new walls and their behavior [10], it is clear 
that the use of modern adhesives specifically developed for the bonding of contemporary tiles 
cladding is not suitable for the reattachment of the old ones, due to incompatibility both with the 
old substrates and the ancient azulejos considering mechanical characteristics (too stiff), hygric 
characteristics (low water vapour permeability) and chemical characteristics (high salts content). 
When conservation actions are planned, it is important to analyze the behavior of the wall and 
of the whole building instead of just the connection between tile and masonry. The whole system 
masonry-setting mortar-azulejo must be considered, and the interaction of this system with the 
environment and with the building in service should be taken into account. This approach will 
ensure a better preservation of the old azulejos and a higher durability of the wall and of the 
building itself. Additionally, the focus must be made on the conservation of the azulejos, which 
have a relevant cultural value and must be protected from damage as much as possible, while the 
newly prepared setting mortar may be replaced quite easily.  

OLD SETTING MORTARS FOR AZULEJOS CLADDINGS   
Reattachment mortars are relevant components of the cladding system, although they are invisible 
for systems in good conservation conditions. In fact:  
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 they connect the elements of the system: masonry and tiles, hence they have a key role 
in the system durability: detachment means damage or even loss of the tile; 

 they control salts and of stresses transmitted to tiles;  
 they have a significant impact on the performance of the wall: water behaviour, 

deformability and stress distribution.  
 they can interfere with several functions of the cladding, including aesthetics: alters 

(sometimes subtly) the whole image of the wall / building. 
Research on old azulejos setting mortars in Portugal, in the large period between the 16th century 
and the middle of the 20th century, both in internal and external walls applications, is still quite 
restrict, but the data collected until now evidence the following characteristics [11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 5]: 
Composition: the main binders found are calcitic air lime, or, in some cases (namely in some 
Coimbra case studies), dolomitic lime; aggregates are usually siliceous sand, sometimes with a 
variable proportion of clay; the very common idea that clayish sand (saibro) was always used in 
the best preserved case studies was not confirmed; clay minerals have been found (illite and 
caulinite) but in the cases with best state of conservation (and in general in the most noble 
buildings) they were inexistent and substituted by siliceous filler or found in moderate quantities. 
Figures 4 and 5 illustrate cases of two Palaces with mortars with no visible traces of clay and 
presenting rather good cohesion, even if loss of adhesion to the tiles occurred, and Figure 6 shows 
a simpler housing building with a visible proportion of clay in the mix presenting loss of cohesion; 
lime: aggregate ratios are very diversified, mainly between 1:2 and 1:6 (in weight). 
Mechanical characteristics: Compressive strength mainly between 0.5 and 3.5 MPa. 
Hygric characteristics: Capillarity coefficient between 1 and 3 kg/m2.min1/2; Open porosity 
between 25 and 30 %. 
 

  
Figure 3: Azulejos cladding of interior wall 
panel with degradation (loss of cohesion) of 
bonding mortars due to moisture (Church).  

Figure 4: Bonding air lime mortar of interior 
wall panel without visible traces of clay 

(Palace). 
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Figure 5: Interior wall azulejo panel of a 
palace with bonding air lime mortar without 

visible traces of clay 

Figure 6: Housing building façade with 
azulejos cladding with deteriorated bonding 

mortar of lime and sand plus clay 

A chronological pattern was not found for those setting mortars. On the other hand, they show 
differentiation in composition from region to region, surely reflecting different local raw 
materials and different application traditional techniques. They also identify a correlation 
between variation in composition and in characteristics and the type of building, probably related 
with more available resources for craftsmanship and for materials when important buildings are 
concerned, such as military and religious buildings [11]. These correlation is also a trend for other 
kinds of covering mortars [21]. For example, mortars richer in binder, with lower porosity and 
higher compressive strength, were identified in fortresses and churches, in second place in other 
public buildings, such as hospitals, and finally lower mechanical characteristics and higher 
permeability were found in housing buildings [11]. 
Many of these mortars are still in good conditions, especially those of important buildings (with 
better selection of raw materials and better craftsmanship) and in the interior (less exposed to 
water). The external claddings of common buildings show often higher degree of degradation 
(figures 2 and 6).  

REQUIREMENTS 
The requirements to take into account for reattachment mortars for old azulejos are related with:  

 Compatibility – not increasing deterioration of the old pre-existent materials (azulejos 
and masonry); 

 Reversibility – allow reversion of the repair, namely permit the detachment of the 
reattached azulejo, without irreversible damage of those historic elements, for example 
for cleaning and desalinate them, or to repair the wall, or any other reason; 

 Functionality of the mortar (contribution to functionality of the cladding) – guarantee its 
foreseen functions, such as protection of the masonry and aesthetis; 

 Durability – assure integrity of the works for a reasonable period of time. 
The different types of requirements are often contradictory, so an adequate balance of properties 
must be reached. The following can be considered as the most important for reattachment mortars 
for old azulejos claddings [22, 23, 24]: 
Fresh mortar: good workability and ability to penetrate in the ceramic body of the azulejo; high 
water retention in order to avoid dessecation when exposed to suction of both the substrate and 
the azulejo ceramic body. 
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 Mechanical characteristics: enough mechanical strength for adhesion under the tiles’ 
weight (preventing falling of azulejos) and to ensure durability of the system, but lower 
than the substrate’s for reversibility and for preventing damage of the masonry; avoid 
high modulus of elasticity, in order to be able to accommodate small movements of the 
substrate without transmitting stresses to the azulejo and without loss of adherence; 
adhesion strength is a key property for durability and functionality of the system, 
however, it should not be too high, in order to prevent damaging the substrate and also 
to allow reversibility.  

 Hygric characteristics: water absorption by capillarity is not a very significant 
characteristic for setting mortars for azulejos, even for external use. On the other hand, 
the ability to dry fast and a high water vapour permeability are important factors, as the 
mortar should not act as water retainer or constitute a vapour barrier, which could 
promote concentration of moisture and affect adhesion.  

The selection of the mechanical and hygric properties should use as reference the non-damaged 
pre-existent materials: old mortar, azulejo and masonry. Although it is not always possible to 
determine the characteristics of those elements, usually there are some studies in the literature of 
similar case studies that provide some information [25, 21]. 
Chemical characteristics: all the components, namely binders and aggregates, must be free of 
soluble salts, in order to avoid contamination of the system with additional salts beyond those 
already present in old masonry. Thus, cement or hydraulic lime with high contents of salts should 
not be used (Figure 7).  

POSSIBLE SOLUTIONS   
Considering the referred requirements, it is clear that modern adhesives and cement mortars 
should not be used. The compositions of low-porosity and high strength are considered 
inadequate. 

The same goes, to a certain extent, for hydraulic lime mortars with the exception of natural 
hydraulic lime (NHL) mortars which have limited salt contents and usually more adequate 
mechanical characteristics, at least in the case of NHL3.5. 
This deserves new mortars with characteristics that do not change the mechanical and physical 
properties of the tiled façade and that remain reversible, but is also critical that they are adequate 
and effective in terms of bond, guaranteeing durability of the system [26].  

Taking also into account the knowledge of old setting mortars and performed experimental 
studies in the area, the following compositions proved to be the most adequate: 
Binders: Air lime; natural hydraulic lime (NHL); air lime and pozzolans. 
Aggregates: Well graded siliceous sand with a certain amount of fine grains; well graded siliceous 
sand with small amounts of non-expansive clay. 
The raw materials should be free of significant amounts of salts. 
Some compositions having shown good results in tests are (proportions in volume):  
Air lime: siliceous aggregate 1:2 
Air lime + pozzollan (e.g. metakaolin): siliceous aggregate 1:2 
NHL 3.5: siliceous aggregate 1:3 (use only with medium strength masonry and tiles) 
These mixes provide adhesion strength to old azulejos of 0.05-0.15 MPa, values similar enough 
to those obtained in old façades 0.02-0.07 [26]. These values are far from the requirements 
established by the European Standard EN 12004 [27] for adhesives for tiles. However, it is 
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important to point out that the scope of the standard is adhesives and not reattachment mortars 
and that specific standards for conservation of historic products are being prepared by the 
Technical Committee CEN/TC 346 “Conservation of cultural property”, of CEN (European 
Committee for Standardization). 

APPLICATION  
As in most traditional systems and always when air lime is involved, good application is a 
fundamental issue to the efficiency of the conservation work [28]. Some aspects to take into 
account are: 

 Technical skills and experience of the applicator, who should know the details for 
efficient application, such as pressure or energy of application (Figure 8); 

 Preparation of the substrate: repair (namely water infiltrations, cleaning), correct 
humidification and roughness (if necessary) to favour adhesion; 

 Preparation of the tiles, by cleaning and decontaminating the ceramic body (from salts 
and biologic colonization) and by humidifying before application; 

 Choose adequate climatic conditions and taking enough time for the several phases. 
Moreover, full design specifications are needed for adequate materials and application conditions. 
 

  

Figure 7: Azulejos façade cladding repaired 
with cementitious reattachment mortar 

showing degradation due to salts and high 
stresses 

Figure 8: Repair of Azulejos façade cladding 
with air lime reattachment mortar by a skilled 

applicator (conservator / restorer)  

CONCLUSIONS 
Old azulejos claddings, both internal panels and claddings of 19th century façades, although they 
have proved good durability, are presently, in many cases, in urgent need of repair, to avoid fall 
and loss of historical azulejos. The reattachment of old azulejos should be made with adequate 
mortars, respecting requirements of compatibility and reversibility, as well as functionality and 
durability.  
Being the connection element between tiles and masonry, reattachment mortars have important 
roles in the cladding system, contributing for durability, performance and even aesthetics of the 
façade.  

190 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



Modern adhesive mortars, or any mortars with too high strength, high stiffness, low water vapour 
permeability or significant contents of soluble salts are to be avoided. Instead, lime-based 
mortars, with moderate mechanical and hygric characteristics and free of salts, must be used. Air 
lime, air lime and pozzolan, or natural hydraulic lime (NHL 3.5) may be used as binders and well 
graded siliceous sand, with small amounts of clay or with a siliceous filler should be used as 
aggregates, providing adhesion strength to the tiles and to the masonry in the range 0.05-0.15.  
Application care and skilled workmanship are key issues. Moreover, design specifications should 
not be dismissed.    
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SUMMARY:  This communication discloses a preliminary study about the effects of CO2 laser 
irradiation on the surface of historic glazed tiles in order to test its potential for their 
restoration. The influence of the processing parameters (working distance, linear scanning 
velocity and number of laser scans) of a 25W CO2 laser upon the welding of ceramic glazed 
surfaces was studied. Tile replicas simulating 17th -18th century historic Portuguese tiles of 
different glaze compositions and pigmented – non-pigmented glazes, have been irradiated. 
Optical reflection microscopy and SEM have been used to study the resulting morphological 
alterations. The welded glaze surface appears to be greatly affected by the employed lased 
parameters but also the different composition of the glaze and the presence of pigments. In 
general at optimized conditions the welding of the glaze is obtained even if newly formed macro 
and micro- cracks are usually observed in the vicinity or at the irradiated area. Initial results 
are encouraging and further work is necessary before the on-site and real-case implementation 
of this methodology. 
 
KEY-WORDS: laser, azulejo, restoration 

INTRODUCTION 
Glazed ceramics are important items of cultural heritage interest which can constitute 
decorative and structural materials, often monumental in scope. Portuguese azulejos for 
example, are almost ubiquitously found as decoration in interior and exterior architecture and 
constitute one of the country most important expressions of a national artistic heritage. Their 
acknowledged resistance in external and moisty conditions have made them one of the preferred 
materials to protect and decorate Portuguese architectural structures. These characteristics have 
nevertheless the shortcoming that tiles are in many cases set in harsh environments subject to 
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pernicious weathering conditions. In those conditions their weathering-resistance capacity is 
limited and decreased during time when compared to their possibly “eternal” life when placed 
in non-moisture stable conditions [1]. This can be alarmingly observed by the increased 
degradation state that many historic tiles present nowadays. The harsh environmental conditions 
where many tile panels are placed; together with the restrictions as regards their move and/or 
transportation or the desire to leave them insitu increases also the demand upon their 
conservation and restoration treatments. A good restoration treatment for a tile panel in a 
museum environment for instance, will not necessarily be a good one for in-situ (sometimes 
outdoor) restoration since they need to be able to endure much harsher conditions. The lack of 
adequate conservation treatments to be applied in those settings is also a major issue and a 
constant complain of many professionals working in the field [2-4]. This lack has led us to the 
search for more efficient, compatible and durable conservation procedures leading us to explore 
the possible use of lasers for their conservation-restoration.  
This article deals with a preliminary work on the innovative study of the potentials of using CO2 
lasers for the conservation and restoration of glazed ceramics. Therefore, the application of 
laser radiation based on the controlled thermal fusion of the glaze is presented and its potential 
is discussed. 

On the use of lasers  
Lasers have been established as most valuable tools for the study and conservation of Cultural 
Heritage objects and monuments, through spectroscopic and laser cleaning processes 
respectively [5]. The use of lasers for the cleaning of ceramic glazed surfaces is a field with 
limited research and applications. However, past works by Stratoudaki´s et al [6] and Huet et al 
[7] have elaborated about the potential of using Nd:YAG and KrF lasers for removing 
pollutants from outdoor ceramics of the 19th century.  
The cleaning processes which are up to now the only laser-based conservation processes, are 
based on the laser-ablation of materials by selective interaction between a laser beam and the 
unwanted material, leaving the core object untouched. During the interaction of the laser beam 
and the material a number of effects take place based on photothermal, photochemical and 
photomechanical mechanisms while the final result depends closely to the material properties 
and the laser parameters. An optimum laser cleaning result should ensure that only the desired 
mechanism will dominate and no unwanted effects would take place i.e. no melting, fracturing 
or chemical alteration will occur to the substrate (authentic surface) after cleaning. Nevertheless 
these undesirable effects may be of some use in the conservation field and in this respect the 
capacity of lasers to melt materials has been considered in this study. 
The laser-induced thermal processing of materials has been already used since the eighties in 
industrial applications on utilitarian glass and ceramic materials. Specifically, in 1980 a patent 
has been issued on the use of CO2 lasers to repair small defects on glass [8] and in 1987 another 
patent was issued on the repair of  high melting temperature ceramic coatings such as in heat 
engines by injection and melting of a powered material [9]. Later on, the use of lasers on the 
repair of whiteware ceramic articles has also been released [10-12]. Significant work has also 
been done on the engraving, by melting of a pigmented layer, on top of a ceramic material [13 -
17]. A Nd:YAG laser ( = 10.64 μm in continuous wave mode) has also been used to print 
coloured patterns on tiles [18].  
Up to now little has been researched on the use of the thermal and melting potential of lasers in 
the conservation of cultural heritage ceramic artefacts. In 2014 Ristić et al have studied the 
impact of pulsed lasers on cleaning ceramics of historical importance [19]. Later Polić at al has 
studied the effect of pulsed lasers on the glaze surface also for restoration purposes [20]. After 
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the research made by FORTH and LNEC in 2016 a patent application (PCT/GR2016/000011) 
has been issued on the “Restoration of vitreous surfaces using laser technology” [21].  
The possibility to heat and melt a small zone of the glaze without affecting the remaining tile is 
a great advantage compared to techniques such as re-firing [22, 23]. In re-firing the entire tile 
needs to be removed from the wall and is subject to a new firing cycle. Therefore the 
information regarding the production techniques that was stored in the materials is irreversibly 
altered. When re-firing - even when selecting a presumably appropriate firing program - due to 
the heterogeneity of the tiles and other unpredictable factors provides a certain risk to the 
procedure mainly because the final results can only be verified at the end while opening of the 
kiln. With localized welding the material is only affected locally in a range and a real-time 
operation where a more controllable procedure can be applied.  
This article elaborates on preliminary studies made by these two institutions on the use of the 
above mentioned technique, namely the impact of the laser radiation upon glazed ceramic 
surfaces. The aim at this initial stage is to investigate the range of effects that may be caused on 
the glaze upon its irradiation at different laser parameters. This knowledge will allows us in the 
next stage to be able to determine the most appropriate irradiation conditions that would favour 
a “clean” melting without undesired results such as cracking and fracture, discoloration effects 
and other damages.  

MATERIALS AND METHODS 

Samples 
Glazed ceramic tile replica samples with chemical glaze compositions similar to 17th-18th 
century Portuguese historical tiles [24] were made using two tin lead white glaze recipes (R1 
and R2, Table 1). For the glazes preparation Tr29 and LT599 powdered frits from Ferro have 
been used and the chemical composition modified by adding silica powder (FPS 180 from 
Areipor), SnO2 (Merck), K2CO3 (VWR chemicals), Na2CO3 (Riedel de Haen) and CaCO3 
(VRW prolabo).  
The resulting powders have been mixed and fired at 980ºC to make a frit. The frit has been then 
crushed to a lower than 106 µm granulometry, suspended in water and applied by immersion to 
the ceramic body.  Part of the R1 samples (R1_b) where painted blue on top of the dry powder 
frit layer using a Cobalt Oxide pigment (Casa Viana). All samples have then been fired at 980ºC 
for 30 min letting the kiln to cool down naturally.  

Table 1: Theoretical elemental chemical composition of the replicas (based on the recipes) 
 Na2O 

(%) 
MgO 
(%) 

Al2O3 
(%) 

SiO2 
(%) 

K2 O 
(%) 

CaO 
(%) 

TiO2 
(%) 

Fe2O3 
(%) 

PbO 
(%) 

SnO2 
(%) 

R1 1.2 0.5 3.8 47.7 6.7 1.1 0.1 0.1 30.9 7.8 
R2 2.0 0.2 0.9 61.1 7.0 1.3 0.1 0.2 21.6 5.8 

Experimental setup and methodologies 

Laser processing 
Preliminary tests with various laser types available at IESL-FORTH proved that Continuous 
Wave (CW) CO2 lasers are the most suitable for this application. This was expected since CO2 
lasers emit in the far infrared (10.6 μm) thus causing only thermal effects on materials while the 
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CW operation does not allow high fluencies, as in the case of pulsed lasers, which may lead to 
ablation phenomena.  
A custom made laser system was used for the irradiation of the samples. The main components 
of the system (Figure 1) were a) a 25W CW CO2 laser (10.6 μm, Gaussian beam profile), b) an 
optical system for shaping and finally focusing the beam at 180mm c) flying optics (galvo 
system) to move the laser beam into the desired area and “draw” on the target the desired 
pattern and d) an elevation stage where the tiles were positioned in order to locate their glazed 
surface at the desired working distance.  
The tiles were then irradiated with the following parameters: a) 12 W laser power (fixed value 
at which the laser was found to be more stable), b) working distance (wd), that is the distance 
from the sample/tile to the lens (Figure 2), varying from 135 to 180 mm (focus), c) scan speeds 
varying of 2.00, 26.81 to 53.62 mm/s and d) 1 up to 100 scans along the same irradiation line.  
On each sample a series of line-scans was performed, the scanning travel was larger than the 
tile width, starting and ending outside the tile to ensure uniform irradiation along the whole 
irradiated line.  

Evaluation methods 
 

SEM-EDS: A JEOL JSM 6390 scanning electron microscope was used for the evaluation of the 
samples irradiation.  The SEM was operating at 20KV and a tungsten filament was used as an 
electron gun. 
 

Reflection Optical microscope: A Olympus PMG3 reflection microscope has been used to 
observe the influence of the irradiation on the surface of the glazed ceramics. 
 

µ- Raman: A compact portable Raman system with a diode laser (λexc: 785 nm) was used. The 
beam was focused on the surface of the sample to be analyzed by objective lens (x20) and the 
irradiation area had a diameter of about 20 μm. The beam power on the samples was 30mW. 
The typical exposure time was 5s, while 2scans were averaged. 

 
Figure 1: CO2 laser set-up 

RESULTS AND DISCUSSION 
By visual inspection and depending on the irradiation parameters a number of effects could be 
recorded on the irradiated surfaces such as no observable effect, areas with increased gloss, 
craquelure, loss of material and in some cases discoloration (yellowing). Fig. 2 shows 

Scanned lines 
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microscope image of the type of resulting glaze welding effects observed at the surface of the 
tiles. 

Figure 2: Microscopic observation of laser irradiation welding effects on the glazed surface for 
53.62 mm/s velocity. a) No evident effect (145wd_100s); b) Crack along the irradiation line 
(155wd_15s); Multiple crack along the line (155wd_100s); Glaze welding and partial 
detachment (165wd_100s); Almost total detachment (165wd_200s). Where ‘wd’ is the working 
distance and the ‘s’ the number of scans. 

When looking in detail, whenever melting occurred, a constant crack network was observed 
both in the interface and the vicinity of the melted and non-melted glaze (Figure 2 and Figure 
5). This crazing, was probably the result of the high temperature differences and inefficient heat 
exchange leading high thermal stresses between the two areas. At the surface of the melted lines 
a thin network of cracks was also developed. This was probably resulting from the different 
cooling rate and therefore due to the high temperature gradient between the melted surface and 
the melted inner-layers [11]. For working distances (wd) close to focus or lower velocities, 
besides melting, evaporation can be observed during the laser processing [20, 18]. The 
evaporation of glaze components, will also certainly affect the melted glaze composition. When 
irradiating, for instance glass bottles, it has been stated that alkaline and alkaline earth metal 
oxides were released leading to the decrease of the expansion coefficient of the melted glaze 
[25]. The resulting composition of the evaporated materials has not been analysed yet in our 
system but we would expect also an alteration of the melted glaze composition. A slight 
yellowing discoloration at the edges of the melted lines could also be observed. Through µ -
Raman analysis yellow lead monoxide (-PbO) could be detected (Raman shifts at 98, 158, 304 
and 351 cm-1) on the glaze irradiated samples (Figure 3).  

  

Figure 3: µ-Raman analysis of a non –irradiated and irradiated R1 glaze samples. 

145wd_100s 

 

155wd_15s 

 

155wd_100s

 

165wd_100s 

 

165wd_200s
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Through the observation of the samples by SEM the profile of the fissure system is more clearly 
observed (Figure 4). However, the depth of the melted glaze was not easily distinguished from 
the non-melted glaze and could only be estimated when a fissure occurred between both due to 
the thermal stress. As expected, in general, the melted zone was deeper and wider with 
increased energy density (close to focus, slow velocity and higher number of scans) It was also 
observed that within the tested conditions (laser parameters, glaze composition and thickness-
around 200-500 µm)) the melted glaze pool seemed not to reach the interface between the glaze 
and ceramic body.   
 

  

  

Figure 4: SEM analysis of R1 samples irradiated with a working distance/scans of 155wd/50s 
and 165wd/50s. Depending on the local the cross section is made the fissure between the melted 

and non-melted glaze can be seen or not. 

Working distance and number of scans 
Table 2 resumes the glaze surface alterations observed through reflection microscopy after 
irradiation at different working distances and number of scans at a constant velocity of 53.62 
mm/s. It is observed that with a working distance of 135 mm (far away from focus) the glaze 
shows no visible alteration (Figure 5). When increasing the working distance to 145 mm a 
crazing network is already observable along the irradiated line with a higher crack density 
generally with increased number of laser beam scans. Apparently the energy delivered by the 
laser beam using this focal distance and speed is not enough to melt it but the crack network is 
still formed from the resulting thermal shock. Only when closer to focus (around 155 mm up to 
180 mm - on focus) the glaze is melting. On average the melted line width increases when 
closer to the laser focus due to the delivery of higher amount of Energy. With 1 scan, only after 
165 mm focal distance we could detect some minor glaze welding, but at the focus (180mm) a 
relatively homogeneous melted line was already observed. A large increase in line width is 
achieved from 1 to 15 laser scans while after this number this increase is lower (Figure 5). 
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Irradiating velocity 
When decreasing approximately to half the scanning velocity (from 53.62 to 26.81 mm/s) an 
average increase of the melted line width is observed. This effect can be specially observed at 1 
scan irradiation (Figure 5, 6, 7 and 8).  
At 2mm/s and 1 scan, melting is observed at 145 working distance while at 26.81 and 53.62 
mm/s melting is observed only at 155 and 165 lens-tile distance respectively. The higher energy 
resultant from a slower velocity allows the glaze to fuse at further away from the focus and at 
the velocity of 2mm/s the amplitude of the crack network is observed to be extremely high 
(Figure 7 and 8). 
 
 

 Working distance (mm) at 26.81 mm/s 
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Figure 6: Surface analysis of R1 by optical reflection microscopy irradiated at 26.81 mm/s  

 

 

 

 

 

201Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



 

 

Figure 7: Surface analysis of R1 by optical reflection microscopy irradiated at 2 mm/s, 1 scan at 
135, 145 and 155 working distance. 

 

  
Figure 8: Effect of beam velocity and working distance on the melted line width after 1 beam 

scan.  

 

Painted surfaces 
Tiles are usually painted in one or more colours. Traditionally the pigments are applied as a 
liquid suspension to the raw glaze layer and then fired.  When firing the pigments are mixed and 
integrated into the glaze layer showing usually a decreasing  content from the surface of the 
resulting glaze layer (Figure 11) to the glaze-ceramic interface.   
The pigments will certainly change the glaze properties such as its melting point. Cobalt oxide, 
responsible for the blue colour in tiles it is known to be a fusing agent and therefore the effect 
of the irradiation at the painted areas was largely enhanced.  The average melting width was 
larger the results obtained for lower speed irradiation (Figure 6 and 10) and melting of the glaze 
was even observed for working distances of 145 and 50 scans (Figure 10).  
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Figure 10: Surface analysis of R1 painted with blue with a Cobalt Oxide pigment by optical 
reflection microscopy irradiated at 53.62 mm/s 

 

   

   
Figure 11: Optical microscopy and SEM analysis. From left to right: Working distance 165/1 
scan with a small fissure, 155wd/50 scans with complete detachment, and 165wd/100 scans 

with a small detachment. Depending on the cross section zone it can be observed the fissure of 
the previously melted glaze or not. 
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Different glaze type 
When different glaze compositions are used, a different resulting melting point of the glaze can 
affect its melting by laser irradiation. In this Case the R2 glaze originated on average a stronger 
glaze melting with melted glaze even at 155 working distance and 1 scan (Figure 12). These 
results show that the irradiation conditions would need to be tuned whenever a different tile 
glaze would be treated.  
Figure 13 depicts the average width results for 50 scans and several working distances. 
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Figure 12: Surface analysis of R2 by optical reflection microscopy irradiated at 53.62 mm/s 
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Figure 13: Effect of beam velocity and focal distance on the melted line width after 50 beam 

scans. 

CONCLUSIONS 
This present article is part of the common effort of two institutions to study the potential use of 
lasers in the restoration of glazed ceramics and dwells upon on the effect of the CO2 laser 
irradiation on the glazed surface of historic tiles. 
The laser was able to melt the irradiated areas while in certain cases undesired affects such as  
increased glossy appearance, crazing and in some cases yellowing was observed in the 
irradiated areas associated mainly with accumulated energy density.  
In general the lines irradiated with higher accumulated energy (slower speeds and closer to the 
focus) are wider but the composition and presence of pigments of the glaze (due to differences 
in the melting point) are shown to also greatly affect the melted pool. The number of scans 
seems to be determinant up to a certain point (15- 50 scans) after which no substantial gain is 
observed. Advanced methods would need to be tested to decrease and ideally eliminate the 
resulting crazing.  
The results obtained show that great care should be put in the selection of the laser parameters; 
the distance to the glaze surface plays a great role, but also velocity and number of scans. This 
optimization of parameters varies however when applying the irradiation on variations of types 
of glaze and even in different pigmented areas of the same glazed tile. An initial optimization 
would need to be made and the laser parameters adapted to the specific glaze on and pigments 
of the substrate.   
Notwithstanding the necessary optimizations, CO2 laser welding is a promising technique to 
treat ceramic tile and is a methodology that needs and deserves to be better researched.   
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SUMMARY: For glazed ceramic tiles, glaze delamination is a decay problem greatly demanding 
for effective risk-based preventive conservation. The present study faces the problem of the early 
detection of adhesion failure between the glaze and the clay substrate, exploring the potential of 
a vibro-acoustic imaging (VAI) technique in helping to prevent the glaze falls off and lacunas. 
The imaging technique is based on the Laser Doppler Vibrometry (LDV) joint to a contactless 
acoustic excitation of the tiles in the frequency interval (1 - 20) kHz. The results on historical 
Portuguese azulejos and laboratory models demonstrate that hidden cavities, a few hundreds of 
microns deep, are correctly identified and characterized. 
 
KEY-WORDS: Preventive conservation; Glaze delamination; Vibro-acoustic imaging 
 
 

INTRODUCTION 
Painted glazed ceramics and particularly architectural ceramics, such as the traditional Portuguese 
azulejos, transmit the distinctive value of the culture in which their use has been developed during 
centuries. Although azulejos are a durable architectural finishing, very often they are at risk 
because many forms of deterioration progress leading to the final loss of the painted glazed layer 
and impair the comprehension of the related pictorial program. The integrity of the tangible assets 
as well as the knowledge of the intangible aspects have been at the centre of the scientific and 
cultural debate, that led in 1994 to the Nara Document on Authenticity [1] and continued in the 
successive decades. Within the Nara’s framework, the understanding of the information regarding 
the original characteristics and the subsequent modifications are fundamental elements for 
assessing authenticity and so acknowledging the significance of those heritage assets of 
outstanding value. This specific knowledge must be considered in the heritage management, in 
the conservation and restoration planning, as well as within the inscription procedures to the 
World Heritage List. 
These principles are also supported in the Australia ICOMOS Burra Charter for Places of Cultural 
Significance, 2013, where the conservation aim is stated to retain the cultural significance and 
identity value of a place [2]. Within its vision, the understanding and interpretation of the cultural 
significance of a place, including the analysis of the tangible and intangible assets, comes before 
the definition of the policy and the management of that place. Within very structured approaches 
in the cultural heritage management, also the concept of risk is considered as fundamental. For 
instance, in the manual for heritage risk management of the Canadian Conservation Institute [3] 
the risk is defined as “the possibility of a loss of value to the heritage asset”, and the measure of 
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the integrity of both tangible and intangible assets contributes to its assessment. The risk-based 
approach helps the most appropriate heritage management to accomplish preventive conservation 
actions, or to face the uncertainties and lack of knowledge that may arise. Therefore, all of the 
above considerations mean that any analysis, operation and intervention aiming at the 
conservation of a good must be done in the awareness that preserving the matter also means to 
preserve significance and values that the good represents. 
For glazed ceramics, glaze delamination and spalling is a severe problem for the conservation 
and the preservation of their value. The high sensitivity of these assets to water-related 
deterioration is mainly associated to their structure characterized by the co-existence of the porous 
ceramic substrate, which may absorb water, and the glazed painted layer, which constitutes a 
barrier to water and to evaporation. Beside the difference of the hydric expansion coefficients of 
glaze and substrate, quite often the crystallisation of soluble salts is also present enhancing the 
damage. Another cause of damage is related to the presence of manufacturing defects such as an 
unsuitable difference in the thermal expansion coefficients of glaze and substrate [4]. The early 
detection of adhesion failure between the glaze and the ceramic substrate can improve the 
understanding of the damage progression before the glaze falls off and the lacunas impair the 
visual integrity of the artwork. Specific tools for accomplishing this task should identify hidden 
cavities a few hundreds of microns deep, when the appearance suggests integrity and the presence 
of detachments is still invisible to the naked eye. During the initial phase of the decay process, 
there might be too poor evidences allowing to correctly evaluate the actual state of the glazed 
ceramics, thus underestimating the rate of deterioration. A little decay advancement may lead to 
an abrupt increase of damage level to the heritage asset with an undesirable loss of materials, in 
particular the glaze, and a great loss of value. For this reason, specific technical tools should also 
indicate how the delamination expands, and if the probable stage of deterioration is incipient or 
advanced. 
The present study explores the potential of a vibro-acoustic imaging (VAI) technique to help 
conservation actions in preventing the loss of glaze and the formation of lacunas. The imaging 
technique is based on the Laser Doppler Vibrometry (LDV) joint to a contactless acoustic 
excitation of the tiles in the frequency interval (1 - 20) kHz. In recent researches, the authors 
gathered interesting experimental evidences that vibro-acoustic techniques in the audio frequency 
interval can reveal thin glaze delamination both in historical tiles and in laboratory models with 
artificial cavities [5]. The present study extends the limits of these previous results, restricted to 
a few representative points, moving towards the imaging technique.  
The main topic regards the laboratory validation of the proposed method to: i) reveal hidden 
cavities with different depth and shape; ii) correlate the cavity depth to characteristic features of 
the target acoustic response; iii) provide indications about the decay evolution in real tiles. For 
this purpose, two historical Portuguese azulejos and five laboratory models are analysed. 
The experimental methods and procedure, the samples, the data analysis and the results will be 
discussed in the following paragraphs, with the purpose to show that the most appropriate use of 
the vibro-acoustic imaging technique for glazed ceramic tiles lays within the initial levels of 
materials damage, when no loss or modest loss of glaze is occurred. 

VIBRO-ACOUSTIC IMAGING TECHINQUES 
Compared to other techniques, vibro-acoustic methods are particularly effective when applied to 
laminated materials and layered structures, affected by detachments and delaminations. Any part 
presenting a non-perfect adherence between adjacent elements may vibrate when exposed to 
acoustic waves. Among the most effective tools Laser Doppler Vibrometry is a well-known and 
widely assessed technique to reveal vibrations, adopted in many applicative fields with a great 
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variety of configurations [6]. Due to its high spatial resolution and non-invasiveness, laser 
vibrometry is successfully applied to cultural heritage objects (frescoes, mosaics, ceramics and 
different typology of paintings) to detect damage, and to verify the effectiveness of restoration 
interventions [7]. Moreover, when it is employed with a contactless acoustic excitation source, it 
provides accurate information with a higher level of non-invasiveness, particularly suitable for 
fragile artworks. 
For a better understanding of the samples behaviour, we recall that a delamination forms a sub-
surface air cavity that vibrates at specific frequencies when it is excited by a suitable external 
acoustic pressure field. Any such system has a number of preferred ways to vibrate that are called 
the normal modes of vibration, the fundamental mode and the high-order modes, whose 
characteristic frequencies depend on the geometrical and physical properties of the sub-surface 
cavity. For cavities having regular geometrical characteristics, approaching ideal systems, the 
frequencies of the normal modes are calculated and the displacement of the surface follows 
characteristic vibration patterns [8]. Conversely, in many real cases the irregular shape of the 
detached areas requires numerical methods for performing the vibration analysis [9]. However a 
hidden cavity can be represented as a mass - air spring system, where the mass M is concentrated 
in the superficial layer and kair is the spring rigidity of the air volume inside the cavity. For this 
system the frequency of the fundamental mode of vibration f0 (the mode with the lowest 
frequency) depends on the density of air 0, on the density of the surface layer S and its thickness 
t, and on the depth of the air cavity d, as expressed in Equation 1 
 

     td2cMk21f S00air0    (1) 

where c0 is the velocity of sound in air. The density S and the thickness t of the surface layer 
may vary from object to object, while the air cavity depth d is related to the stage of the decay 
process, from an early stage thin delamination to an advanced stage thick delamination. Equation 
1 shows the inverse proportionality between the characteristic vibration frequency f0 and the 
cavity depth d, thus as a general rule of thumb it can be stated that: 
- an incipient thin delamination will vibrate at a high frequency (low d value and high f0 value), 
- conversely an advanced thick delamination will vibrate at a lower frequency (high d value and 
low f0 value). 

Laser Doppler Vibrometry with contactless acoustic excitation 
Laser Doppler Vibrometry allows the contactless measurement of vibration velocity and 
displacement of a surface, based on the optical interferometry. A critical issue is the choice of the 
excitation source, used to induce the desired vibration in the analysed object. In literature, many 
studies can be found where different excitation tools are adopted, such us impact hammers, 
piezoelectric actuators and loudspeakers [6 - 7]. Laser vibrometry joint to a contactless acoustic 
source, that induces the desired vibration in the analysed object, becomes a powerful tool for non-
destructive evaluation and non-invasive diagnostics. 
The main element of the Laser Doppler Vibrometer (LDV) is the optical sensor head that englobes 
the interferometer [10]: the laser source emits the primary beam that is divided into two coherent 
beams of equal frequency and phase, one is the reference beam and the second is the measurement 
beam. The measurement beam is focused at the surface of the investigated object, is reflected 
back inside the optical sensor head, again into the interferometer where it is re-combined to the 
reference beam. The reflected beam carries the information about the target movement, i.e. its 
vibration velocity. After re-combination of the two beams, the difference between them is 
processed by the LDV controller processor in order to extract the target velocity and 
displacement. In particular, the velocity output from the controller provides an output voltage U 
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directly proportional to the velocity v of the vibrating surface; according to Equation 2 the 
vibration velocity is obtained by multiplying U by a constant  (expressed in mm/s/V) that 
depends on the selected range setting: 
 

v [mm/s] =  [mm/s/V] × U [V].     (2) 
In this work the velocity amplitude was measured by means of a Polytec Single Point LDV, 
composed of the optical sensor head OFV303 and the controller processor OFV-3001-S. 
A commercial Parametric Acoustic Array PAA, the Audio Spotlight by Holosonics (HAS8), was 
selected as contactless acoustic excitation source for its interesting features: a flat and small sized 
transducer (20 cm × 20 cm) characterized by a very narrow audio beam. The HAS8 source is 
equipped with a control unit that delivers an acoustic wave towards the analysed surface, and 
allows to regulate the output level and to balance the low frequency and high frequency content 
of the emitted wave. The properties and stability of the HAS8 emission were verified/monitored 
by measuring the Sound Pressure Level SPL in the audio frequency interval at the target position, 
i.e. at a distance of 60 cm from the source along its central axis. 
The optical sensor head of the LDV operated in the horizontal plane, while the acoustic source 
and the analysed sample were mounted vertically with their central axis in the horizontal plane; 
furthermore, all these elements were individually fixed on an antivibration table as schematically 
shown in Figure 1 (a, b). 
The acoustic source and the laser sensor head were located at 60 cm from the sample’s surface, 
this last mounted on a motor controlled linear guide allowing its positioning in front of the 
measuring system. A National Instruments 16-bit multifunction data acquisition board (NI-
USB6221) and a personal computer completed the measuring system, performing the acoustic 
wave generation, the acquisition of the vibration velocity and its processing. 
 

 

 
(a) 

 
(b) 

Figure 1: Scheme of the experimental setting (a), and image of the equipment during 
measurement (b). 

THE SAMPLES 
A collection of heterogeneous tiles constitutes the set of samples analysed in the present work, 
among which both historical Portuguese azulejos and manufactured laboratory models are 
included. The set of tile samples is presented in Figure 2: the laboratory models are shown on the 
left while the azulejos are on the right. The samples A1 and T3, in the upper part of the figure, 

LDV HAS8 

SAMPLE 
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were selected for their apparent integrity and used as reference tiles in the comparison with the 
other samples, shown at the bottom of the figure. The relevance of the vibrational response of the 
samples needs to be interpreted in the comparison with the behaviour of the reference tiles that is 
expected to present no vibration, or at least very little ones. Belonging to a little collection of 
azulejos dated between the 17th and the 18th century, the two samples A1 and A7 were 
considered suitable for the present study due to their presumed conservation states, very different 
at the visual inspection. A1 was selected as reference azulejo because no evident glaze 
delamination appears and an overall good conservation state can be inferred; conversely, A7 was 
selected because of the presence of an evident glaze delamination and a lacuna, while the decay 
process is likely to progress around it. 

The laboratory models include four samples with different in shape and depth artificial cavities, 
T1 - T11 - T12 - T13, and one without defects T3. The models were manufactured assembling 
thin technical glasses of the type SCHOTT D 263® LA eco (having thickness 0.7 mm, and density 
2.51 g/cm3) [11] on small clay substrates using epoxy glue. The physical properties of these 
technical glasses and of the epoxy glue allowed simulating the physical properties of real tiles in 
vibro-acoustic phenomena. The manufacturing process was carried out at room temperature using 
epoxy glue with medium drying time (30 min) to prevent cracks during the drying process. The 
main features of the samples are summarized in Table 1. 
In particular, T3 was assembled fixing only one thin glass on the clay substrate, spreading the 
glue over the entire surface. T3 does not present any cavities, so that it represents the suitable 
reference tile for the set of laboratory models. 
For the model T1 few pieces of ordinary microscope glass, 0.8 mm thick, were cut and fixed on 
the clay substrate in order to build the side walls of a square cavity. Successively, the thin D 263 
glass was fixed as capping layer upon the previous one, thus forming a hidden cavity having a 
resulting thickness of 1.3 mm. 
In order to minimize the cavity thickness, for the other three models a different manufacturing 
process was adopted, building up the cavity’s walls only with the epoxy glue. Specifically, for 
T11 a first uniform layer of glue was spread over the back surface of the thin technical glass used 
as cap layer, masking a little area to shape the cavity; after drying, a second layer of epoxy glue 
was uniformly spread over the first layer, in order to fix the whole to the clay substrate. It resulted 
a hidden square cavity having a final thickness of 0.8 mm. For T12 a similar procedure was 
followed, but only one layer of epoxy glue was spread on the back of the thin glass and suddenly 
fixed to the clay substrate before drying. Thus, it resulted a thinner square cavity having a final 
thickness of 0.4 mm. T13 was built following the two steps procedure like T11, masking a 
triangular area to shape the cavity. It resulted a hidden triangular cavity having a final thickness 
of 0.6 mm. The manufacturing process was essentially a handmade procedure, however particular 
attention was paid during any single phase in order to uniform each model’s thickness, and obtain 
flat surfaces and regular cavities as much as possible. 
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Figure 2: Collection of tile samples including five laboratory models T1 - T3 - T11 - T12 - T13 
on the left, and two antique azulejos A1 and A7 on the right. 

Table 1: List and details of tile samples under study. 
ID MATERIALS and SIZE (mm3) CAVITY 

(mm3) 
NOTES 

A1 clay with white and blue glaze 
143 × 143 × 11.6 

 Tile with no apparent 
delamination 

A7 clay with white, yellow and blue glaze 
140 × 140 × 14.3 

 Tile with significant 
delamination, and lacuna 

T1 clay substrate and glass 
68.0 × 68.0 × 9.6 substrate 

68.0 × 68.0 × 11.6 substrate + glass 

42 × 42 × 1.3 
square cavity 

0.8 1st layer glass 
0.7 cap layer glass 

2 layers of glue 
T3 clay substrate and glass 

68.0 × 68.0 × 9.6 substrate 
68.0 × 68.0 × 11.2 substrate + glass 

 0.7 cap layer glass 
1 layers of glue 

T11 clay substrate and glass 
70.0 × 72.0 × 10.5 substrate 

70.0 × 72.0 × 11.9 substrate + glass 

34 × 37 × 0.8 
square cavity 

0.7 cap layer glass 
2 layers of glue 

T12 clay substrate and glass 
71.8 × 70.6 × 10.8 substrate 

71.8 × 70.6 × 11.8 substrate + glass 

37 × 37 × 0.4 
square cavity 

0.7 cap layer glass 
1 layer of glue 

T13 clay substrate and glass 
72.6 × 70.8 × 10.7 substrate 

72.6 × 70.8 × 12.2 substrate + glass 

35 × 28 × 0.6 
triangular 

cavity 

0.7 cap layer glass 
2 layers of glue 
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EXPERIMENTAL PROCEDURE AND DATA ANALYSIS 
The experimental setup depicted in Figure 1 was adopted for testing the entire collection of 
samples. After alignment with the laser beam, the sample under study was moved along the 
vertical and horizontal axes, in the XY plane orthogonal to the laser beam, to build a 2D matrix 
of analysed points over its surface. The acoustic source and the LDV sensor head were kept fix. 
For each point of analysis, the measuring procedure consisted in feeding the acoustic source with 
pure tones of audible frequencies, in the wide interval 1 kHz up to 20 kHz depending on the 
sample, radiating the acoustic wave towards the sample and acquiring the velocity output voltage 
from the LDV controller. Details of the measurement settings used for each sample are 
schematically reported in Table 2. 
 

Table 2: Measurement settings used for the different samples. 

ID MATRIX FREQUENCY RANGE LDV RANGE 

T1 5 × 5; 25 points; 15 mm step (1 – 10) kHz; 100 Hz step 5 mm/s /V 

T3 5 × 5; 25 points; 13 mm step (1 – 10) kHz; 100 Hz step 5 mm/s /V 

T11 5 × 5; 25 points; 13 mm step (1 – 16) kHz; 100 Hz step 10 mm/s /V 

T12 5 × 5; 25 points; 13 mm step (1 – 20) kHz; 100 Hz step 10 mm/s /V 

T13 6 × 6; 36 points; 10 mm step (1 – 20) kHz; 100 Hz step 10 mm/s /V 

A1 7 × 7; 49 points; 20 mm step (1 – 16) kHz; 100 Hz step 10 mm/s /V 

A7 9 × 9; 81 points; 15 mm step (1 – 16) kHz; 100 Hz step 10 mm/s /V 

 

The single point measurement provided the vibration velocity expressed as function of frequency 
vi(f), in mm/s, where the index indicates the i-th point. A suitable data post-processing was 
applied to the set of functions in order to transform them into a set of matrices useful to provide 
the images in specific frequency bands. The main steps of this data processing are described 
hereafter, and schematically reproduced in Figure3. 
For a specific sample, the starting dataset is the collection of functions vi(f) for the number of 
measuring points: 

a) After a background noise subtraction, to improve the quality of the resulting images, the 
functions vi(f) are processed in the following way: the whole frequency interval is 
divided into narrower bands f (nominally 1/3 octave bands that are commonly used in 
many acoustics applications) represented by their central frequency fcn; inside each 
frequency band the maximum velocity value vi

max is extracted and associated to fcn. The 
use of the maximum value guarantees that all velocity profiles are well reproduced 
without any loss of information, also those profiles presenting very narrow peaks. 
At this stage the intermediate dataset is a collection of discrete functions vi

max (fc1, fc2, 
…, fcn) reproducing the same profile of the original functions through a smaller number 
of data points. 
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b) The successive step consists in the arrangement of the new values vi
max in the final 2D 

matrix corresponding to each frequency band fcn. 
The output dataset is a collection of matrices Vmax [fn]: 

c) These matrices are displayed as vibro-acoustic images (after the application of a bi-cubic 
interpolation to improve the final image quality), thus representing the response of the 
analysed sample in the different frequency bands. The experimental results are presented 
as colour maps superimposed on the sample photograph. For the sample under study, 
the colour scale of the map is specifically selected in order to range from blue (zero 
vibration velocity) to red (corresponding to the highest vibration velocity value). 

This procedure gives the advantage of dealing with a small number of images that represent the 
entire and potentially meaningful frequency interval. 
 

 

Figure 3: Scheme of the data post-processing, from left to right, transforming the initial datasets 
of vibration velocity in simpler matrices, finally displayed as vibro-acoustic images. 

RESULTS AND DISCUSSION 
In the present paragraph the sequence of vibro-acoustic images are reported for each sample from 
Figure 4 to Figure 10. The sequences report the most significant frequency bands, covering the 
entire extension of the frequency interval used in the tests and evidence the bands where the 
normal modes of vibration are clearly visible. The frequency resolved images are presented in the 
small format, while the most relevant one, where the velocity peak falls, is bordered in white and 
also reproduced in wide format. The velocity peak and its corresponding frequency band are also 
reported aside as an additional information. 
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Figure 4: Vibro-acoustic images on T3, in the most significant frequency bands. The velocity 
peak falls in the 8000 Hz image, bordered in white and reproduced in wide format. 

The colour scale used for T1, T3 and T13 ranges from 0 mm/s (bleu) to 0.35 mm/s (red), that is 
near the velocity peak value found on the samples with cavities, while the values for the 
intermediate levels (green and yellow) have been selected to correctly visualize the behaviour of 
other relevant points. Similarly, the colour scale used for T11 and T12 ranges from 0 mm/s to 0.7 
mm/s, with the intermediate levels scaled according to the same principle. Again, the colour scale 
used for A1 and A7 ranges from 0 mm/s to 0.35 mm/s, as for the first models, but with slightly 
different values for the intermediate levels. 
As expected, the reference model T3 (Figure 4) does not present much relevant features compared 
to the other samples: the velocity values are one - two orders of magnitude lower than the values 
found in the other models, and this issue confirms its correct behaviour as reference.  
The images obtained on the laboratory models with hidden cavities (Figure 5 to Figure 8) indicate 
a considerably different behaviour with respect to the reference model T3. The fundamental 
vibration mode is clearly visible (at the lowest frequency band with non-zero vibration velocity), 
together with some higher modes in the images corresponding to the multiple frequency bands.  
They also show the discrimination of the hidden cavity from those points, on the same sample, 
where the glass is glued to the ceramic body and presents a perfect adherence. The availability of 
models with cavities a few hundreds of microns deep allows to demonstrate that the vibro-
acoustic imaging in the audio frequency interval successfully reveals the position of thick and 
thin delaminations, and approximately identifies their shape and extension. As expected, the 
significant frequency band grows as the cavity depth decreases. 
 

REFERENCE 

T3 

 

vmax = 0.038 mm/s 

@ 8000 Hz 

216 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



  
 

   

   

   

Figure 5: Vibro-acoustic images on T1, in the most significant frequency bands. The velocity 
peak falls in the 3150 Hz image, bordered in white and reproduced in wide format. 

  

 

T1 

 

vmax = 0.337 mm/s 

@ 3150 Hz 
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Figure 6: Vibro-acoustic images on T11, in the most significant frequency bands. The velocity 
peak falls in the 4000 Hz image, bordered in white and reproduced in wide format. 

  

 

T11 

 

vmax = 0.667 mm/s 

@ 4000 Hz 
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Figure 7: Vibro-acoustic images on T12, in the most significant frequency bands. The velocity 
peak falls in the 4000 Hz image, bordered in white and reproduced in wide format. 

 
 
  

 

T12 

 

vmax = 0.537 mm/s 

@ 4000 Hz 
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Figure 8: Vibro-acoustic images on T13, in the most significant frequency bands. The velocity 
peak falls in the 12500 Hz image, bordered in white and reproduced in wide format. 

 
 
 
 
  

T13 

 

vmax = 0.348 mm/s 

@ 12500 Hz 
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Figure 9: Vibro-acoustic images on A1, in the most significant frequency bands. The velocity 
peak falls in the 10000 Hz image, bordered in white and reproduced in wide format. 

  

REFERENCE 

A1 

 

vmax = 0.116 mm/s 

@ 10000 Hz 
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Figure 10: Vibro-acoustic images on A7, in the most significant frequency bands. The velocity 
peak falls in the 5000 Hz image, bordered in white and reproduced in wide format. 

  

A7 

 

vmax = 0.342 mm/s 

@ 5000 Hz 
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The evidences derived from the vibro-acoustic images are integrated by another comparative 
analysis of the samples. For the laboratory models, Figure 11 shows the function v(f) acquired on 
the most representative points, i.e. the centre or the cavity’s centre for T13 , and allows us to 
examine the main features of these curves. Firstly, we notice the low T3 profile (black line) along 
with its proximity to the background level (grey line; it is obtained from a standard measurement 
on any point, without activating the acoustic excitation). The four models with cavities, displayed 
with coloured lines, present velocity peak values two orders of magnitude higher than the T3 
level. Finally, we observe the expected shift of the main velocity peak towards higher frequency 
values as the cavity depth decreases, according to Equation 1, and already evidenced in the vibro-
acoustic images of the four models. 

 

 
 

 

Figure 11: Comparison of the vibration velocity (a) corresponding to the most representative 
points of the five laboratory models (b). The nominal values of the cavity thickness and the 

measured frequency of the main peaks are also indicated for each model. 

Regarding the two azulejos, we notice in Figure 9 the absence of relevant vibrations in A1 in all 
frequency bands, except in a relatively high frequency band (10 kHz). The sample A1 does not 
present any other relevant feature, although the light vibration evidenced in the 10 kHz image 
denotes the presence of a thin delamination and suggests the potential effect of an incipient decay 
process. For the purposes of this study, A1 still constitutes a good reference in the comparison 
with A7, although not a perfect reference (i.e. zero/negligible vibrations in all analysed frequency 
bands). Conversely, the sample A7 presents a number of critical areas, shown in Figure 10: 
despite the equal probability that the delamination progresses all around the lacuna’s perimeter, 
the images indicate that the decay process is mainly advancing in the third quadrant, at the 
bottom-left sector of the tile, with another critical point in the first quadrant along the narrow 
stripe near the upper-right border. 
As for the laboratory models, the function v(f) acquired on the most representative points of the 
two azulejo samples are shown in Figure 12. Due to the irregular shape of the delaminated areas, 
the A7 curves do not present any narrow peak, but more irregular profiles. Also in this case two 
orders of magnitude separate the A7 curves from the A1 curve, except at 10400 Hz where the 
narrow peak of A1 reaches a significant value. 
Considering all these aspects, in real cases a vibration in the high frequency bands can be 
reasonably ascribed to very thin cavities due to early stage delamination process, as for the sample 

(a)                                         (b) 
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A1. A vibration in the low frequency bands can be related to severe damage and relatively thick 
cavities; in this case, higher modes of vibration should also be visible in the images corresponding 
to the multiple frequency bands, as for the sample A7. It follows that the method seams a useful 
tool for following the evolution of the decay process, from early stage to advanced decay. This 
task can be done: 
- at a specific time, analysing the complete set of images looking for vibrations visible only at 
high frequency (early stage decay), and those spreading at low frequency (advanced decay); 
- over a suitable period of time, periodically repeating the experimental test on the same area 
looking for significant changes: the widening of an existing delamination, or the enhancement of 
its thickness indicated by the main velocity peak shifting towards lower frequency values, 
according to Equation 1. 
 

 

 
 

 

Figure 12: Comparison of the vibration velocity (a) corresponding to the most representative 
points of the two azulejo samples (b). The frequency of the velocity peaks are indicated. 

Finally, the relevant parameters characterizing the seven samples and their behaviour are 
schematically reported in Table 3. 

Table 3: Characteristic quantities relative to the samples and their behaviour. 

ID VELOCITY PEAK FREQUENCY CAVITY DEPTH 
T3 Ref 0.038 mm/s 8900 Hz  
T1 0.337 mm/s 3000 Hz square 1.3 mm 
T11 0.667 mm/s 3700 Hz square 0.8 mm 
T12 0.537 mm/s 4100 Hz square 0.4 mm 
T13 0.348 mm/s 11400 Hz triangular 0.6 mm 
A1 Ref 0.116 mm/s 10400 Hz  
A7 0.195 mm/s; 0.342 mm/s 5100 Hz; 8500 Hz  

(a)                                         (b) 
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CONCLUSION 
The proposed imaging method based on Laser Doppler Vibrometry was validated on laboratory 
models, simulating the physical response of real glazed tiles, and on historical Portuguese 
azulejos. Four laboratory models were purposely manufactured with artificial air cavities of 
different shape and depth, ranging from 0.4 mm to 1.3 mm, while a reference model was prepared 
without any cavity. The experimental results provide a clear picture of the cavities vibration 
induced by the acoustic excitation. The cavities were correctly localized, and characterized in 
relation to their shape and thickness showing the enhancement of the vibration frequency as the 
cavity thickness decreases. Additionally, the results obtained on the historical azulejos confirmed 
the localization of a significant delamination in one sample, while disclosing an unexpected 
vibration at high frequency in the second sample. Although the appearance of this second antique 
azulejo suggests a state of integrity, the instrumental analysis calls the attention to a potential 
decay process at an early stage of development. Thus the two azulejo samples seem positioned at 
two different stages of the glaze delamination process: one at an advanced stage with visible glaze 
loss, and the other at an incipient stage invisible to the naked eye. 
The opportunity to detect hidden glaze delaminations a few hundreds of microns deep opens up 
new questions concerning both technical and theoretical issues. One issue regards the meaning of 
early detection in terms of cavity depth, corresponding to an initial phase of decay. The 
implications of this issue lead to other problems, for conservators-restorers and heritage scientists, 
related to the possible interventions on the asset. If a starting delamination process is detected, 
the subsequent issue regards the best conservation actions aiming to prevent its progression or 
slow down its rate of development. Other questions concern the integration of this knowledge 
with other information, within sustainable monitoring solutions. 
Actually, the laboratory analysis realized for the present investigation can be also carried out 
onsite on extended surfaces, on real azulejo panels, with the enhancement of its benefit. Despite 
the powerfulness of the LDV due to its high spatial resolution and the non-invasiveness, some 
drawbacks concern the relatively high cost, the need for highly accurate device-target alignment 
and for expert operators. Further efforts are required to move towards simpler and low-cost 
configurations to plan more sustainable preventive conservation. The present study constitutes an 
important knowledge base also for the implementation of other and low-cost technique, such as 
the acoustical imaging method based on the acoustic energy absorption evaluation, developed by 
the same authors, already employed in explorative studies on glazed ceramic tiles. 
Some final considerations lead us to recognize the most effective use of this diagnostic tool during 
the phase when the potential decay effect on the heritage asset is still little, and no-loss or modest 
modest loss of glaze is occurred. This is widely true for those heritage assets, like painted glazed 
ceramics, for which the preservation of their tangible integrity and authenticity are a pre-requisite 
for the acknowledgement of their outstanding value. 
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SUMMARY:  This contribution concerns research conducted to assess the use of computer-
match pigment selection (CMPS) in order to overcome illuminant metamerism. During the 
reinstatement of missing glazes, metamerism is a common troublesome feature faced by 
ceramic conservators. The colour of restored glaze areas (predominantly those with blue hues), 
in-painted using pigment mixtures in a polymer medium, often matches the original glaze under 
the lighting of the conservation studio but appears different in other lighting conditions. 
Previous research has demonstrated the potential of CMPS to provide non-metameric pigment 
combinations which match the original glazes for all light sources but the implementation of 
this in practice has necessitated further experimentation in conjunction with conservators. 
The resultant research findings centre on the evaluation of a range of CMPS matching recipes 
for two blue standards, carried out by four ceramics conservators. The blue standards consisted 
of a monochrome blue glazed tile and a glossy blue paint sample from a commercial paint 
company’s swatch colour fan. The results reported cover: 

- the ease of achieving a good colour match from the CMPS recipe pigment 
percentages, 

- comparisons of the CMPS colour matches with corresponding results using 
conservators’ own pigment choices, 

- the potentiality for selection of a small palette of the most suitable pigments for non-
metameric matches of blue ceramic glazes, 

- the factors which need further development to facilitate implementation of the CMPS 
approach for glaze restoration.  

 
KEY-WORDS: metamerism, colour-matching, in-painting, blue glazes 
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INTRODUCTION    
Although the principles and usefulness of computer-match pigment selection (CMPS) for 
ceramic glazed restoration have been described in previous publications [1,2], the success of 
CMPS relies on the ability of conservators to implement the approach routinely.  Ease of 
implementation depends on several issues, all of which were explored in a Dutch research 
project, Delftglaze [3]. This project combined experimentation by ceramics conservators with 
relevant support from conservation and colour scientists in order to investigate the following 
topics:   

- methods for measurement of reflectance spectra of ceramic glazes, 
- the consistency of reflectance spectral data obtained by different instruments, 
- the ease of sharing reflectance spectral data transmitted between researchers using the 

internet, 
- the refinement of the CMPS software, 
- the ease by which conservators can achieve good visual replication of ceramic glazes 

by means of pigment recipes suggested by the CMPS software. 
In this paper, only the last of these topics is addressed in a bid to advance our long-term goal, 
namely to provide ceramic conservators with widespread and easy access to the benefits of 
CMPS and in so doing to render obsolete concerns about metamerism for ceramic glaze 
restoration.  In order to accomplish this it has been necessary for the research to focus only on 
one essential component of an ideal pigment/polymer glaze restoration, namely that the hue of 
the restored area matches that of the glaze in all lighting conditions (i.e. does not suffer from 
illuminant metamerism).   
In this context, it is important to stress that, in order to achieve a perfectly matching glaze 
restoration using pigmented polymers, ceramic conservators must replicate not only the hue but 
also the depth of shade, lightness, translucency, gloss and other features of the original fired 
glaze.  To achieve success in matching all of these prerequisites requires conservation skills 
developed through extensive experience.  For a full appreciation and scientific understanding of 
the relevant descriptive terms of visual appearance the monograph by Johnston-Feller [4] is 
invaluable, especially when supplemented by two more recent texts [5,6] which in combination 
successfully demystify the complexities of colour science.  
In relation to the present research, it is of interest that, from the practitioner’s point of view, the 
colorimetric terms describing colour differences dL*, dH*, dC* - differences in lightness 
(lighter/darker), hue (redder/yellower/greener/bluer) and chroma (stronger/weaker) - are 
supplemented by workers in the paint, printing and dyeing industries by other descriptive terms 
with a more immediate relevance to the achievement of coloration in practice.  These terms 
include the dyeing descriptors ‘fuller/thinner’ in place of stronger/weaker and the corresponding 
terms ‘more or less pigmented’ in the paint and printing fields.  Associated industrial colorists’ 
terms include the designation ‘cleaner/dirtier’ which reflects the notion of the effect of changing 
the colormetric terms L* and C* simultaneously.   The theoretical relationships between these 
terms have been described [7,8].     
In the research described below, we are particularly concerned with variations in hue, dH*, the 
colorimetric term primarily associated with metamerism. In the experimental testing of the non-
metameric pigment recipes generated by the CMPS computer program, the team’s conservators 
focused on achieving a matching hue and were less concerned with optimising the lightness, L*, 
and chroma, C*, as well as the other features such as translucency which are essential for 
optimal glaze reinstatement. 
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For glaze reintegration, ceramic conservators used a wide palette of pigments and individual 
pigment choices are very much a matter of personal preference.  In conjunction with these 
colorants, a small range of polymers, notably acrylic and epoxy resins, are used as suitable 
glazing or filling mediums into which the colorant is blended.  For health and safety reasons, 
acrylic aqueous emulsions are currently favoured over solvent-based systems and in recent 
years the availability of pigmented commercial retouching glazes avoids the necessity for 
conservators to blend dry pigments with a clear polymer glazing medium. 
Within this framework, an experienced ceramic conservator can match the glaze appearance 
perfectly but has, unfortunately, no guaranteed control over one essential feature, namely that 
the match be non-metameric.  Illuminant metamerism occurs when the in-painted zone matches 
the glaze hue in some but not all forms of illumination.  Countless pigment combinations will 
match the glaze’s hue perfectly in daylight, the most common illumination for restoration, but 
many of these combinations will be metameric.  
The avoidance of metamerism is also important in other branches of conservation and has been 
most commonly addressed in publications with reference to easel paintings. This topic was well 
tackled by Staniforth in practice-oriented research which proposed suitable pigments for 
avoiding illuminant metamerism in painting restoration [9]. For ceramic restoration, the 
situation is more complex since conservators must use pigments to match not a paint layer but a 
fired glaze, with all the subtle variations in appearance that results from kiln glaze chemistry. 
No published information exists on pigments which achieve good non-metameric colour 
matching in ceramics conservation. Nonetheless, guaranteed avoidance of metamerism is 
possible in principle by the use of computer-match pigment selection, CMPS [1,2].   
The CMPS methodology involves the measurement of the reflectance spectrum of the glaze in 
question and the selection of pigments from a computer database by means of specially-
designed computer software which can predict the appearance of both the glaze and all possible 
matching pigment recipes under three diverse lighting conditions.  The CMPS software selects 
non-metameric pigment recipes based on the three illuminant sources; D65 (daylight), F11 
(fluorescent) and A (tungsten). The software judges the recipe to be non-metameric when, for 
each of the three illuminants, the overall colour difference (dE*) is predicted to be low enough 
for a visual colour match to the standard. 

EXPERIMENTAL 
The assessment of ease of implementation of CMPS recipes focused on two different blue 
samples.  Firstly, in order to provide a challenging test for the CMPS colour-matching trials, a 
monochrome tile was chosen with what was considered to be a difficult-to-match glaze colour 
because of the purple tint of this blue.  Since there were different fragments of the same tile, 
these could be distributed by mail to the conservators for matching.  Secondly, a glossy swatch 
card sample from the Jotun paint company was selected in order to explore possibility of 
distributing easily-available, glaze-like, uniformly blue-coloured standard samples to many 
conservators in future colour matching trials. This sample nicely complemented the tile in that 
its printed blue colour was judged by the participating conservators as more easy to match.  
Colour measurements were made using a handheld spectrophotometer.  Colour measurements 
and pigment recipes were prepared by the team’s colour scientist (JN) using the CMPS 
software.  Four conservators (IG, MS, BdV, HD) were involved in making matches using the 
computer-generated recipes as well as those judged by eye using the pigments and binding 
mediums with which they were most familiar.  Coordination of the testing programme was 
undertaken by NT.  This collaboration thus involved a varied partnership of a colour scientist, a 
conservation scientist and four conservators, working in five locations in the United Kingdom 
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and the Netherlands.  Discussions took place on a face-to-face basis and by Skype and e-mail 
communication, resulting in extremely fruitful exchanges over the issues discussed below.  
Throughout the many months of the study, these interactions gave rise to small revisions in the 
computer software to create a more helpful version of both the recipe print-out and the 
presentation of the relevant colormetric parameters for the results of the trials.  

Apparatus, computer software, and materials 
The spectrophotometric measurements were made using an X-Rite SP68 integrating sphere 
portable spectrophotometer. Measurements, made with specular reflectance included and a 
5mm aperture, were the average of three readings on 6 different spots of the painted patches and 
3 different spots for the standards. Photography was undertaken with a Nikon D800 camera 
with 105mm Nikon macro lens, ISO 100, aperture f10 using Profoto flash units with light box 
diffusers. For each match, the standard and painted patch were photographed in one shot. All 
shots were supported by inclusion of a GretagMacbeth mini 24 colour checker. 
The CMPS program and the colorant database with which it is associated have been previously 
described [1]. This database of colorants comprises dry pigments favoured by ceramic 
conservators as well as a selected set of colorants which had been previously tested for good 
lightfastness in epoxy resin [10]. The Cromophtal range used consists of pigments pre-dispersed 
as a paste in di-octylphthalate [10].   
Three commercial polymer resins, all supplied for conservation-restoration, were used for 
preparation of the test paint matches, namely two acrylic polymer emulsions (Golden Porcelain 
Restoration Glaze and Rustins Quick-drying Water-borne Acrylic Ceramic Glaze) and one 
epoxy resin (Fynebond). 

Preparation of CMPS recipes 
The CMPS standard recipes were all prepared by the developer of the software (JN) using the 
X-Rite SP68 reflectance spectra of the monochrome blue tile and the blue Jotun RAL5010 blue 
swatch card shade. In order to explore the usefulness of different colorants in the database, 
several non-metameric CMPS recipes for each standard were produced for the conservators to 
use in the colour matching testing (Table 1).  

Preparation of the matching paint patches  
The CMPS recipe gives the precise relative weight percentages of the pigment which should be 
used to achieve a non-metameric match with the standard. Since it is extremely difficult to carry 
out precise weighings of the very small amounts of pigment needed to prepare a single batch of 
the mixture for an individual test, the following variations were evaluated: i) use of precisely 
weighed amounts (to 3 decimal places) of pigments, ii) use of a coloured pie chart to represent 
the required proportions of the pigments, iii) mixing the pigments by eye, using the 
conservators’ colour-matching skills to achieve a good match. Additionally, for comparison 
with normal practice, a variant of iii) involved the conservators’ usual range of pigments instead 
of the CMPS database pigments. 
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Table 1: Computer match pigment selection recipes (Matches 1, 2 and 4)  and 
conservators’ pigment recipes (Matches 3 and 5) for the monochrome tile and Jotun paint 

sample RAL5010. 
Standard Match  Recipe 

  Pigment A Pigment B Pigment C Pigment D Pigment E 

Monochrome 
tile 1 

Cromophtal 
Blue A3R 

(Ciba-Geigy) 
Carbon Black 

Orasol Red 
BL 

(Ciba-Geigy) 
 

 

Monochrome 
tile 2 

Cromophtal 
Blue A3R 

(Ciba-Geigy) 

Prussian Blue  
(Kremer) 

Cromophtal 
Violet B  

(Ciba-Geigy) 

Orasol Red 
395 (Kremer) 

Zinc White 
(Cornelissen) 

Monochrome 
tile 3 

Dark 
Ultramarine 

(Cornelissen)  

Ultramarine 
Violet 

(Cornelissen) 

Irgazine Ruby 
DPP 

(Kremer) 

Titanium 
White 

(Kremer) 

 

Jotun paint 
RAL5010 4 

Cromophtal 
Blue 4GNP 

(Ciba-Geigy)   
Carbon Black  

 Cromophtal 
Violet B 

(Ciba-Geigy) 
 

 

Jotun paint 
RAL5010 5 

Ultramarine 
Blue 

(Golden) 

Cobalt Blue 
Turquoise 

Dark 
(Kremer) 

Synthetic 
Indigo 

(Cornelissen) 

Lemon 
Yellow 

(Cornelissen) 

Titanium 
White 

(Golden) 

Assessment of the quality of the painted matches 
The closeness in hue between the standard and the painted pigment/polymer patch was assessed 
from spectrophotometric measurements made using the X-rite SP68 instrument. The various 
reflectance spectra are illustrated in Figures 1-5. Because the lightness was not a criterion that 
the conservators took pains to match, the measured reflectance spectra of the painted patches 
were mathematically adjusted so that they simulated the lightness value, L*, of the standards. 
This simulation was made by a change in the relative thickness of the paint layer by means of a 
Lambert’s law type of calculation. Figures 1-5 depict these adjusted spectra and the parameters 
in Table 2 are derived from these spectra. The CMPS software enables colorimetric parameters 
for three standard illuminants (D65, A and F11) to be derived from the spectral reflectance 
measurements, thereby enabling the quality of the conservators’ trial paint formulations to be 
compared to the standard in all three lighting conditions.  
There are several different methods of producing a metamerism index (MI), i.e. a numerical 
quantification of illuminant metamerism [11]. As well described by Badcock [12], equations 
and methods of assessing metamerism have been produced based on two approaches, either on 
the colour differences of the samples under different light sources or on the differences in the 
reflectance curves of the pair of samples. The present conservation research has the aim to 
assess the success of the trial paint patches in avoiding metamerism. We have chosen to 
quantify this, not by a conventional MI but, more straight-forwardly, by the value of the 
difference in hue, dH*, between the standard and the painted patch for each of the three 
illuminants.  
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Figure 1: Reflectance spectra for the monochrome tile and pigment match 1, adjusted to a 
uniform lightness for the standard and the conservator’s matching paint. 

 

Figure 2: Reflectance spectra for the monochrome tile and pigment match 2, adjusted to a 
uniform lightness for the standard and the conservator’s matching paint. 

 

Figure 3: Reflectance spectra for the monochrome tile and pigment match 3, adjusted to a 
uniform lightness for the standard and the conservator’s matching paint. 
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Figure 4:  Reflectance spectra for the Jotun paint sample RAL5010 and pigment match 4, 
adjusted to a uniform lightness for the standard and the conservator’s matching paint. 

 

Figure 5: Reflectance spectra for the Jotun paint sample RAL5010 and pigment match 5, 
adjusted to a uniform lightness for the standard and the conservator’s matching paint. 

 
Table 2 L* a* b* (D65, 10°) and dH* values for conservators’ paint matches for the two 
standards; the monochrome tile and Jotun paint sample RAL5010.  dH*(max) and dH*(min) 
represent the maximum and minimum differences in hue between the standard and paint match 
under illuminants D65, A and F11.  dH*(D65) is the difference in hue between the standard and 
paint match under illuminant D65.  

Samples/Match L* a* b* dH*(max) dH*(D65) dH*(min) 
              
Monochrome tile, match 1 34.03 8.67 -27.59 1.07, A -0.74, D65 0.49, F11 
Monochrome tile, match 2 34.03 6.65 -25.13 -1.97, D65 -1.97, D65 -0.57, F11 
Monochrome tile, match 3 34.03 13.73 -33.66 4.12, A 1.89, D65 1.89, D65 
Jotun paint sample 
RAL5010, match 4 36.78 -2.83 -25.27 1.32, D65 1.32, D65 0.68, F11 
Jotun paint sample 
RAL5010, match 5 36.78 -3.51 -25.27 1.46, A 0.62, D65 0.39, F11 
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Table 2 reports dH*(max), the maximum difference in hue from the standard. Also listed in this 
column is the illuminant with which that value is associated. In the final column of Table 2, 
dH*(min) is reported to indicate the closest match in hue between the standard and the painted 
patch along with the illuminant that gives rise to this. 

RESULTS AND DISCUSSION 
The results reported represent a relatively small but representative sub-set of the pigment 
recipes derived for the two blue standards and the many conservators’ attempts to match the 
colour of the standards with these CMPS recipes and with their own pigment choices. This sub-
set of results allows attention to be focused on the main conclusions arising from the testing 
campaign’s primary goal; to evaluate the success and the ease of implementation of the CMPS 
recipes by a range of conservators with different backgrounds and experience, in comparison to 
the pigments they normally use for colour matching during glaze reintegration.    
The reflectance spectra in Figures 1-5 illustrate the painted patch matches for the two standards; 
the monochrome tile, Figures 1-3, and the Jotun commercial paint sample, Figures 4,5. (The 
corresponding pigments in the five recipes are given in Table 1.) These spectra provided the 
reflectance data from which the colorimetric parameters in Table 2 were derived using the 
CMPS software.  
In no case is there a perfect overlap between the reflectance spectrum of the standard and that of 
the matching painted patch but the pair of spectra in Figure 4 match very closely indeed. The 
similar pair in Figure 5 also match exceedingly well throughout most of the visible spectrum 
but display a significant mismatch at the red end of the spectrum, above 650nm. Table 2 reports 
the corresponding numerical values which can be used to gauge the quality of the match and the 
tendency to display illuminant metamerism for the standard vs each painted patch. For the 
former pair, the maximum difference in hue, dH*(max), is 1.32 whereas dH*(max) for the latter 
pair is 1.46. Both pairs can be considered as good non-metameric matches. The first was 
prepared using a CMPS recipe, the second with the conservators’ own choice of pigments. The 
appearance of these matches in illustrated in the photographic comparisons of Figures 6E and 
6F.  
In contrast, the corresponding dH*(max) parameters for the monochrome tile matches in 
Figures 1 and 3 demonstrate the not only the value of CMPS but also the highly metameric 
results that can occur with conservators’ own pigment matches. These matches were prepared 
by the same conservator. Match 3 utilised personal-choice pigments whereas for Match 1 the 
CMPS recipe was used. In both cases the pigment blends were gauged by eye. The respective 
dH*(max) values were 4.12 and 1.07. The very discordant appearance of the Match 3 in 
tungsten light and the acceptable appearance of the same match in daylight are illustrated in 
Figures 6C and 6D. 
The monochrome tile Match 2, prepared with a different CMPS pigment recipe by a different 
conservator, also displayed an acceptable, though rather less good, hue match under all three 
lighting conditions, with a dH*(max) value of -1.97 in daylight (see Figure 6B). 
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Figure 6: Photographic comparisons of the standards and paint matches.  From top to 
bottom: A.  Monochrome tile and pigment match 1 in daylight.  B.  Monochrome tile and pigment 
match 2 in daylight.   C.  Monochrome tile and pigment match 3 in daylight.  D.  Monochrome tile 
and pigment match 3 in tungsten light.  E.  Jotun paint sample RAL5010 and pigment match 4 in 

daylight.  F.  Jotun paint sample RAL5010 and pigment match 5 in daylight. 
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CONCLUSIONS 
The conclusions from the four conservators involved in the trial was that CMPS offers a 
valuable means to achieve close, non-metameric matches in hue to the standards. A helpful 
feature is the restriction of the recipe to a small number of pigments which modify the hue of 
the selected principal blue component. However, implementation of the CMPS recipes was not 
totally straight-forward, partly because the team’s conservators were unfamiliar with some of 
the CMPS pigments and their working properties. For example, although the low reflectance at 
the red end of the visible spectrum make the Cromophtal blue pigments a very useful addition 
to ceramic conservators’ palette of pigments, the pre-dispersed versions give very intense 
coloration thereby making it difficult to moderate their impact in achieving the correct matching 
blend of the computer-generated pigments. In addition, not all colorants in the database blend 
equally easily with currently-preferred acrylic emulsion retouching formulations. This database 
was set up before the general preference, as a result of health and safety considerations, for 
aqueous polymer emulsions. Complete dispersion, an essential factor for the success of the 
CMPS recipes, is less easily achieved with aqueous systems.  In particular, Orasol red did not 
easily provide an immediate total coloration with the acrylic emulsions. Better dispersion was 
achieved with epoxy resin but, nonetheless, there was a tendency for the recipes mixed by 
weight to be deficient in the red component. This was less troublesome when the conservators 
used their colour matching experience to gauge the ratios of the CMPS pigments. It was a 
general conclusion that the final hue was most accurately reached by small modifications, 
judged by eye, of the initial blend of the CMPS pigments based on the precise percentages 
given in the CMPS recipe.  
Since the main weakness in ease of implementation of the CMPS methodology is associated 
with the measurement and blending of the pigment recipe, future research will focus on 
minimising these difficulties by means of especially pre-mixed pigment/polymer medium 
blends for a restricted set of database pigments of optimal usefulness.  
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SUMMARY:  When Glazed wall tiles are exposed outdoors, biological colonization and 
consequently biodeterioration may occur. Due to the lack of knowledge on the biodeteriogens 
affecting these assets, the characterization of microbial communities growing on Portuguese 
glazed tiles from Pena National Palace (Sintra) and Casa da Pesca (Oeiras) was carried out by 
culture and molecular biology techniques. A laboratory-based colonization experiment was then 
designed based on the results obtained in the case studies. Bioreceptivity and biodeterioration 
patterns of glazed wall tile models produced in laboratory were evaluated. Finally, mitigation 
strategies were tested in the field, specifically on glazed tiles from Casa da Pesca. This work sums 
up and analyses the results obtained in the case studies and laboratory experiments previously 
published by the authors. 
 
KEY-WORDS: glazed tiles, ceramic, microorganisms, biodeterioration and bioreceptivity 
 
 

INTRODUCTION 
Glazed wall tiles, in Portuguese designated as “azulejos”, are ceramic plaques usually covered by 
a vitreous coating (glaze). Glazed tiles are architectural ceramic materials which are employed as 
a facing over another building material. Besides other advantages, glazed tiles increase 
impermeability, cleanability and mechanical resistance of surfaces and have low maintenance 
cost. However, the application of tiles goes far beyond practical purposes; their aesthetic function 
has particular relevance which explains their artistic and historic value. The variety of colours, 
glosses and iconography of these ceramic elements make their usage associated with an aesthetic 
intention. Throughout history glazed tiles were applied worldwide. In Europe their application 
was more extensive in countries such as Portugal, Spain, Italy, France and Holland, being today 
considered important cultural heritage assets [1–3]. 
Living organisms can interact with the surface of inorganic building materials on which they 
develop, altering their physical and chemical properties [4,5]. These undesirable alterations, 
defined as biodeterioration can result in physical, chemical and aesthetical damages affecting the 
value of cultural heritage assets. The interaction between organisms and substrate are complex 
mechanical, physical and chemical processes, which often occur simultaneously. The general 
mechanisms of biodeterioration of some inorganic building materials, such as stone have been 
investigated by several authors [5–9]. However, little is known about ceramic biodeterioration in 
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comparison with stone biodeterioration. In fact, few studies have dealt  with glazed tile 
biodeterioration, as shown in the literature review on biodiversity, biodeterioration and 
bioreceptivity of architectural ceramic materials [10].  

Understanding the relation between material properties and biological colonization is a crucial 
aspect in order to determine how microbial colonization can be mitigated. Guillitte (1995) 
proposed the concept of “bioreceptivity” which is the ability of a substrate to be colonized by 
organisms based on its intrinsic properties: (i) primary bioreceptivity refers to colonization of 
new material based solely on its intrinsic properties, (ii) secondary bioreceptivity refers to the 
colonization ability after a substrate has undergone a process of ageing and (iii) tertiary 
bioreceptivity refers to the colonization after a substrate has been submitted to a conservation 
treatment [11]. Yet, bioreceptivity of glazed tiles with traditional composition had not been 
analysed. 
In order to deepen the knowledge on glazed wall tile biodeterioration and to start answering some 
of the crucial questions, namely which microorganisms colonize tiles? How and to which extent 
are these microorganisms affecting the substrate? How can glazed wall tiles be protected from 
these deterioration agents? A multiphase approach was designed.  

METHODOLOGICAL APPROACH 
A multiphase approach was outlined in order to start answering the above mentioned questions 
(Fig. 1). First, biodeteriogens and biodeterioration patterns in real case studies were investigated 
to identify the microbial communities dwelling over glazed wall tiles and understand their impact 
on the tiles. Second, a laboratory biodeterioration and bioreceptivity experiment was carried out 
so as to determine the after-effect of microbial colonization on glazed tiles. Third, three 
commercial biocides and a TiO2 nanoparticles treatment were tested on densely colonized 
majolica tiles from Casa da Pesca (Oeiras). The effectiveness was evaluated in terms of 
inactivation of the microorganisms and long-term effect. 

 
Fig. 1: Scheme of the methodological approach outlined to study glazed tile biodeterioration. 

1. Case studies: Pena 
National  Palace and 
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3. Mitigation strategies 
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CASE STUDIES: PENA NACIONAL PALACE (SINTRA) AND CASA 
DA PESCA (OEIRAS) 
Two monuments with tiles showing evident biological colonization were selected to be studied: 
Pena National Palace (Sintra, Portugal)[12] and Casa da Pesca (Oeiras, Portugal)[13]. Both the 
selected tile claddings presented dense microbial biofilms covering the tiles ‘glazes (Fig. 2). 
  

 
Fig.  2:  Glazed tiles with biological colonization. Tile from Pena Nacional Palace with dark green 

microbial biofilme (A) and Tile from Casa da Pesca in Oeiras with dark dense microbial biofilm (B) 
(black line 1 cm). 

The aesthetic biodeterioration caused by the development of these microbial biofilms on the tiles 
severely compromised its visual appreciation (Fig. 2). The historical tiles from Pena National 
Palace are located in the Triton tunnel being an unique example of nineteenth century glazed wall 
tiles attributed to the ceramist Wenceslau Cifka (Fig. 2A)[14]. The ceramic wall tiles from Casa 
da Pesca (formerly a part of the Marquis de Pombal Palace) represent a more common typology 
of Portuguese glazed tiles (Fig. 2B). 

Characterization of the microbial communities 
A polyphasic approach, combining traditional culture and molecular biology methods was 
applied for microbial characterization. Currently, the characterization of the colonizing organisms 
is achieved combining: i) cultivation and classical taxomony for identification of the culturable 
microorganisms and allows the identification of new species [15] and molecular biology techniques 
widely applied in the field of cultural heritage for microbial diversity assessment, including non-
culturable microorganisms  [16].  
In both case studies the results revealed a biological patina consisting of fungi, microalgae, 
cyanobacteria and bacteria [12,13]. The fungi composing the biofilms presented some resemblance. 
Actually, both biofilms had abundant dematiaceous fungi with brown hyphae. Many of these 
isolated fungal strains belonged to the same family, the recently described  Neodevriesiaceae 
family that includes of the former Devriesiaceae family [17]. In fact, the first described members 
of the Devriesia genus which are now part of the Neodevriesiaceae family were heat-resistant 
fungi isolated from heat treated soils [18]. Indeed, glazed surfaces exposed to direct sunlight during 
hot seasons can achieve relatively high surface temperatures. The heat and drought resistance of 
these organisms and other rock-inhabiting fungi that can develop in desert areas could explain 
their ability to colonize glazed wall tiles. 
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In the case study regarding the Pena National Palace biofilm, some of the fungal strains that were 
isolated by culturing methods and grown in laboratory belonged to an unknown species. These 
fungal strains were later described and classified, as a new species named Devriesia imbrexigena 
A.J.L. Phillips & M.L. Coutinho [19]. Other fungi were also detected on the artistic tiles of the 
Pena National Palace, but only by DNA based methods which belonged to the phyla Ascomycota 
(Capnobotryella sp., Stigmina sp., Capronia sp., Umbilicaria calvescens, Hortaea thailandica 
and Saccharata sp.) and Basidiomycota (Fellomyces sichuanensis and Kockovaella schimae)[12]. 
The culture and DNA-based analyses of the biofilm from Casa da Pesca revealed the presence 
of fungi namely Neodevriesiaceae sp. 1.  (close related to Neodevriesia  xanthorrhoeae),  
Devriesia modesta and Neodevriesiaceae sp. 2.  Only a minor proportion of the DNA sequences 
corresponded to unclassified Ascomycota from the Capnodiales order [13].  
In general, the biodiversity of photoautotrophs in the biofilms collected from Casa da Pesca tiles 
[13]  was lower in comparison to the microbial diversity detected on the glazed tiles from Pena 
National Palace [12]. According to Macedo et al. (2009)[20], environmental conditions and site-
specific characteristics, such as solar irradiation, rain and  wind exposure have a strong influence 
on the development of photosynthetic communities when compared with the substrate properties. 
The analyses of the biofilm from Pena National Palace revealed the presence of a high variety of 
phototrophic microorganisms belonging to Cyanobacteria (Nostoc sp., Tolypothrix sp. and 
Chroococcidiopsis sp.) and Green algae (Oocystis solitaria, Chlorella saccharophila, Chlorella 
ellipsoidea, Apatococcus lobatus and Trentepohlia sp.). In contrast, the phototrophic diversity 
was low in the brown biofilm from Casa da Pesca, which included the chlorophyta Phycopeltis 
sp. and the cyanobacterium Iphinoe sp.  
Microscopy observations of the biofilm samples were also conducted, light microscopy of the 
biofilm samples from Pena National Palace tiles revealed the presence of species of green algae, 
which were not detected by molecular methods. A close interaction was observed between the 
Trebouxia cells with hyaline fungal hyphae (Fig. 3A), suggesting a lichen-forming process. 
However, no well-developed lichens were observed on the wall tiles. The dematiaceous fungi 
with brown hyphae which had similar morphologic features to the Neodevriesiaceae specimens 
identified by DNA-based analyses. These fungi were surrounding dead cells of green algae (Fig. 
3A).  

 
Fig. 3: Micrographs of the biofilm samples observed by light microscope. (A) Pena National Palace 

samples with dematiaceous fungi with brown hyphae and (B) Casa da Pesca samples with Phycopeltis 
arundinacea cells and brown hyphae of a dematiaceous fungi. 
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In the biofilm samples collected from the Casa da Pesca tiles, the green alga Phycopeltis 
arundinacea (Montage) De Toni [21,22] was observed in large quantities, as also detected by 
molecular biology methods. The Phycopeltis arundinacea cells were surrounded by 
dematiaceous fungi with brown hyphae (Fig 3.B). Although a close interaction between fungi and 
algae was observed, no lichens or lichenization process were identified in this biofilm[13]. 
The direct microscopic observations of photosynthetic microorganisms and fungi allowed the 
recognition of pre-lichenization processes, interactions among microorganisms and an estimation 
of the organisms’ proportion in the biofilm. Additionally, culture and molecular methods allowed 
the individual identification of the members of the biofilm. The three step methodological 
approach involving direct microscopy observations, culture and molecular methods provided an 
accurate identification of the tile colonizing microorganisms.  

Biodeterioration Patterns 
In both case studies not only dense colonization was observed over the glaze surface, but 
colonization also occurred within fissures (Fig. 4). The colonization within fissures, named 
chasmolithic colonization, may cause the disintegration of the substrate as a result of volume 
changes, penetration in the ceramic matrix and release of metabolic substances, such as organic 
and inorganic acids [23]. Although the observed colonization within fissures could be related with 
the flacking of the glaze observed on the wall tiles from Pena National Palace and Casa da Pesca, 
no conclusions can be drawn without further laboratory testing.  
 

 
Fig. 4: Micrograph of a glaze sample from Pena National Palace. (A) glaze with colonization 

within the fissures. (B) under view of the same fragment with biological colonization in the ceramic body. 

The high diversity of microorganisms on what seems to be an inhospitable substrate, such as lead-
based glazed tiles, confirms the importance of understanding the relationship between substrate 
and microorganisms. 
The analysed case studies demonstrated that the development of biofilms over glazed surfaces is 
influenced by specific environmental conditions, such as surrounding vegetation, shelter from 
rain, low solar irradiance (facing north) and surface relief. For both case studies, the walls facing 
south showed less colonization or even no colonization on the glazed tile surface. 

LABORATORY-BASED EXPERIMENTS 
To understand the role of phototrophic microorganisms and fungi on the deterioration of the 
majolica glazed tiles, the laboratory biodeterioration experiment was performed. New tile models 
were produced in laboratory and used as test substrate to assess the biodeteriogenic action of these 
microorganisms on the glazed tiles. 
In the field of conservation sciences understanding how the conservation state influences 
bioreceptivity is extremely relevant. Therefore, half of the produced glazed tile models were 
artificially aged.  

A B 
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Tile Models 
Glazed wall tiles models were produced in laboratory with a commercial ceramic paste (PF, SIO-
2 CERÁMICA COLLET S.A., Spain) was kneaded manually, rolled-out and cut into squares 
(approximately 2.5x2.5 cm). At the center of each square a concentric circular depression was 
made to better sustain the microbial suspension that would be inoculated. After air-drying the 
ceramic body was fired at 950 ºC (100 ºC per hour and 1 hour dwell). The lead–tin majolica 
model glaze was prepared by adjusting the composition of the commercial frit TR29 (Ferro) and 
pure raw laboratory materials. The glaze was applied by pouring the raw glaze suspension over 
the dry ceramic body. After 24 hours air-drying tiles were fired at 980 ˚C (100 ˚C/h heating rate 
with 1 h dwell at 980 ˚C).  The ageing to study the secondary bioreceptivity [11,24] was achieved 
by chemically corroded by immersion into alkaline NaOH solution (pH 10) during 10 days. 
Afterwards, the samples were rinsed with distilled water and air-dried. To simulate mechanical 
decay, the samples were submitted to thermal shock, though cycles (n=3) of heating (150 ºC) 
during 20 minutes and directly followed by immersion into ice-cold water. A more detailed 
described is made in previous Coutinho et al. [25]. 

The chemical composition of the pristine and aged glaze  is presented in Table 1 [25].  The 
characterization of tiles from Pena National Palace showed a glaze composition of an alkali-lead 
silicate glaze, commonly applied in the majolica production technique [26]. The main difference 
was related to the proportions of some oxides, namely Na2O, K2O and Al2O3. 

Table 1: Chemical composition (wt. %) of the glaze analyzed by µ-PIXE in pristine (n = 3) and aged (n = 
3) tile model samples. Mean values are presented together with the standard deviation (SD) and ANOVA 

results [25]. 
Oxides (wt. %) Pristine (mean ± SD) Artificial/Aged (mean ± SD) 

Na2O 0.3 ± 0.04 0.3 ± 0.06 

MgO 0.4 ± 0.03 0.4 ± 0.01 

Al2O3 3.4 ± 0.30 3.2 ± 0.10 

SiO2 47.0 ± 2.70 45.2 ± 5.20 

Cl 0.1 ± 0.05 0.1 ± 0.10 

K2O 1.5 ± 0.10 1.3 ± 0.01 

CaO 1.0 ± 0.08 1.1 ± 0.10 

TiO2 0.1 ± 0.02 0.1 ± 0.01 

Fe2O3 0.2 ± 0.01 0.2 ± 0.03 

SnO2 10.2 ± 0.10 10.0 ± 1.00 

PbO 35.7 ± 2.50 38.0 ± 4.50 

Values in the same row were not significantly different by the Tukey HDS test at p < 0.05. 

 

The main intrinsic physical features, namely hydric properties viz. water absorption by capillarity 
and water vapor permeability, capillary coefficient and surface roughness (Ra),  of the pristine 
and aged tile models are summarized in Table 2 [25].  
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Table 2: Average and standard deviation (±SD) of capillarity coefficient (Q), water vapour permeability 
coefficient (Δ) and surface roughness (Ra) of pristine (n=3) and aged (n=3) samples [25]. 

Model tile Q (g.m-2.s-1/2) Δ (Kg/m.h.Pa) Ra (Å) 

Pristine 1.3±1.4(a) 1.5×10-10±4.6×10-11(a) 12.6±3.2(a) 

Artificial/Aged 10.8±6.1(a) 3.9×10-10±1.3×10-10 (b) 13.0±1.4(a) 

 Values followed by the same letters in brackets in the same column are not significantly different by the Tukey HDS test at p<0.05. 

 
The artificial ageing of the tile models promoted changes in the microfissures network[25]. 
Although the glaze is an impermeable coating, the presence of surface flaws, such as pitting or 
fissure network on the glaze results in some permeability even in the pristine glazes (Table 2). 
However, a higher density of microfissures and wider fissures were visible on the surface of the 
aged tile models due to the ageing process (Fig. 5). Consequently, the main differences in water 
permeability though the glazed surface of the pristine and aged tiles could be justified by the 
differences in the fissure network of the glazes. 

 

 
Fig. 5: Illustration of the pristine and aged tile models surface with an example of the micrograph of the 

surface obtained by SEM. 

Inoculation of tile models 
The biodeterioration and bioreceptivity experiment with the pristine and artificially aged glazed 
tile models was performed by inoculating half of the samples with a multi-species 
photoautotrophic culture (Trentepohlia laginefera, Chlorella ellipsoideia, Apathococcus 
vulgaris, Nostoc microscopicum) and another set of samples with an axenic culture of the fungus 
D. imbrexigena. This fungus was previously isolated from glazed tiles from Pena National Palace 
[19]. The experiment described in Coutinho et al. (2016) [25] was made with two sets of inoculated 
pristine and aged tile samples and a third set which was used for control samples without 
inoculation (Fig. 6). All samples (inoculated and control samples) were kept under the same 
laboratory environmental conditions (22–23 ºC and 75–95% RH) during the incubation period 
(12 months). 
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Fig. 6: Experimental design of the bioreceptivity and biodeterioration experiment 

Post-experiment observations and results  
For determining bioreceptivity it is necessary to quantify the extent of colonization. Growth of 
organisms was estimated by quantifying the extent of biofilm surface coverage area using digital 
image analysis, the chromacity by measuring the colour and calculating the biomass by measuring 
chlorophyll a fluorescence [25].  
Results showed that the pristine tile samples inoculated with phototrophic microorganisms 
showed lower bioreceptivity than the aged tiles, as expected. Other studies with phototrophic 
microorganisms also concluded bioreptivity can be correlated to properties related with water 
movements though the substrate [27]. For the samples inoculated with fungi, no significant 
differences could be detected regarding the bioreceptivity of the pristine and aged tiles. 
Considering that fungi are heterotrophic microorganisms, their development on inorganic 
substrates without any input of organic matter may have hinder their growth.  
Scanning electron microscopy (SEM) observations showed dense microbial colonization growing 
over the glazed surfaces on both pristine and aged tiles samples. Regarding the experiment with 
phototrophic microorganisms, chasmoendolithic growth within glaze fissures was observed in 
both types of inoculated samples (Fig. 7).  
 

  
Fig. 7: SEM images of majolica tiles models after the biodeterioration experiment. (A) Growth of 
microorganisms within a fissure of a pristine model glaze with EPS indicated by arrows and (B) 

fingerprints of oval shaped cell on the glaze surface after removal of the biofilm. 

The adhesion of phototrophic microorganisms by extracellular polymeric substances (EPS) to the 
glaze and their penetration into fissures was noteworthy (Fig. 7A). After the removal of the 
biofilms with cotton swabs soaked with a water-ethanol solution, imprints of rod-shaped cells 
were observed, indicating the etching of the glaze by the inoculated phototrophic microorganisms 

A B 
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(Fig. 7B). The chasmolithic growth and release of organic acids could lead to glaze detachment 
as observed on the tiles from Pena National Palace. 
Regarding the fungi inoculated samples, no penetration was observed on the glaze fissures. 
However, calcium oxalate, a mineral of biological origin, was detected over the glaze surface on 
both pristine and aged samples. Fungi seemed to be less invasive colonizers; however the 
detection of oxalates indicated that this compound could chemically interact with the glaze 
substrate inducing chemical biodeterioration[28].  
The laboratory-based experiments demonstrated the damage potential of the tested 
microorganisms (Phototrophs and fungi) on the tile surfaces. 

BIOCIDAL TREATMENTS ON THE MICROBIAL COMMUNITY FROM 
CASA DA PESCA 
Four different treatments were tested in situ on the biofilms growing over the glazed wall tiles 
from Casa da Pesca [13]. A photocatalyst compound, Titanium dioxide P25 nanocrystalline anatase 
(TiO2) with a specific surface area of 50 m2 g-1 and particle size of approximately 20 nm (Degussa, 
Frankfurt, Germany),  treatment was prepared in an aqueous suspension 1% (w/v), which was 
previously tested on an outdoor cultural heritage asset [29]. The three commercial biocides, 
commonly applied conservation and restoration interventions of monuments were: i) Preventol® 
RI 80 (hereinafter Preventol), composed of alkyl-benzyl-dimethyl-ammonium chloride and 
isopropyl alcohol (Lanxess, Leverkussen, Germany); ii) Biotin®T (hereinafter Biotin), which 
contains alkyl-benzyl-dimethyl-ammonium chloride, octyl-isothiazolone and 3-iodo-2propynyl-
butylcarbamate (C.T.S., Spain), and iii) Albilex Biostat® (hereinafter Albilex), containing alkyl-
benzyl-dimethyl-ammonium chloride and dihydroxide chromium (H2Cr2O7) (2:1) (Albishausen, 
Usingen, Germany). All commercial biocides were applied using the concentrations specified in 
the manufactures’ instructions: 2% (v/v) for Biotin, 2% (v/v) for Preventol and 1% (v/v) for 
Albilex. Each treatment was applied directly to 3 tiles with a paint-brush until soaking as 
previously described in Coutinho et al. (2016)[13]. 
The evaluation of the efficacy of the biocides was based on several parameters: (i) the biofilm-
covered area, colour and opacity of the biofilm to evaluate the efficacy in removing the biofilm 
from the tile surface; (ii) the microbial diversity before and after the biocide treatments to evaluate 
the effect of biocides on microbial community; and (iii) the viability of the photosynthetic 
components of the biofilm by monitoring the Chorophyll a fluorescence by epifluorescence in 
order to monitor the biocidal effect.  
Preventol was the most effective biocide against the detected microorganisms followed by Biotin 
at the concentration tested (Table 3). Both biocides had also as a result lowering the opacity of 
the biofilm which allowed to see the underlying drawing. However, the biofilm was not removed 
from the surface, a thin layer of biofilm debris continued attached to the glazed surface. Albilex 
seemed to have little or no effect on the microbial biofilm under the tested conditions. However, 
it must be highlighted that even the most efficient tested biocides showed no long term protection 
as recolonization by phototrophic microorganisms was detected 6 months after biocidal 
application both by DNA-based methods and by epifluorescence[13]. These results are 
demonstrative of the limited time scale effect of the tested biocides. Lixiviation by rain and 
consequent decrease in concentration of Preventol and Biotin might have allowed the 
recolonization of the treated substrates by microorganisms. 
The TiO2 nanoparticles were not effective in the inactivation of the microorganisms, although 
their antimicrobial mechanisms have been recently described[30]. However, TiO2 had a physical 
action on the biofilm causing its detachment from the substrates without the aid of any mechanical 
method. 
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Table 3: Resume of the results obtained in the biocide experiment[13]. 
 

 

FINAL REMARKS 
This work provides the first comprehensive approach on the bioreceptivity and biodeterioration 
of majolica glazed tiles combining field surveys (case studies) and laboratory-based experiments. 
Glazed tile biodeteriogens were identified in two cases studies (Pena National Palace and Casa 
da Pesca) and tile biodeterioration observed in colonized samples were reproduced under 
laboratory conditions. 
An integrated approach of the complex microbial communities found on glazed wall tiles was 
achieved. Microscopy techniques combined with culture and molecular methods allowed the 
identification of the microorganisms forming the biofilms from Pena National Palace and Casa 
da Pesca, as well as the recognition of interactions among different microbial groups.  
The primary bioreceptivity of tiles to phototrophic microorganism and fungi was evaluated on 
tile models produced in laboratory by inoculating them with a culture of phototrophic 
microorganism and an axenic culture of fungi, respectively. Secondary bioreceptivity to 
photoautotrophic colonization revealed that aged tile samples had higher bioreceptivity compared 
to pristine tiles, which was mainly due to the physical properties of the aged tile models, such as 
higher capillary coefficient and water vapour permeability coefficients. The evaluation of the 
primary and secondary bioreceptivity of glazed tiles to fungi showed no significant differences. 
The laboratory-based biodeterioration experiments have demonstrated the damaging potential of 
phototrophic microorganisms on glazed wall tiles. The most evident change of the tested 
microorganisms was physical due to the chasmoendolithic growth on fissures. This might led to 
physical damage on the substrate, like the deterioration patterns observed in Pena National Palace. 
In contrast, fungi were not able to cause physical damage on the substrate, but their exudates, 
particularly oxalic acid was able to react with calcium leading to formation of calcium oxalate. 
The cleaning and inactivation of a biofilm is a complex issue, since the inactivation of 
microorganisms depends on several factors. Our data on the in situ application of biocides on 

Degree of change: •-not detectable; *- few; **- significant and ***-drastic. 
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colonized wall tiles from Casa da Pesca revealed that the most efficient tested biocides (Preventol 
RI 80 and Biotin T) showed no long term efficiency. However, the combined application of TiO2 
nanoparticles would represent a promising strategy for biofilm removal as this photocatalyst 
compound caused the detachment of the biofilms without the aid of any mechanical method.  
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SUMMARY: The remains of the Santana Convent, Lisbon, which was founded in ca 1562 and 
active until the end of the 19th century, underwent two major excavation campaigns in 2002 and 
2009/2010, which revealed several structures and a vast amount of archaeological materials. 
Amongst those, a collection of almost ten thousand tile sherds stand out. This assemblage 
comprises the entire chronology of the convent occupation, with examples from every different 
evolution stage in Portuguese tile production during the convent’s long history. 
 
KEY-WORDS: Lisbon’s Convento Santana, Early Modern Archaeology, Pattern tiles; Figurative 
tiles 
 
 

CONTEXT OF THE FINDINGS 
This paper stems from the study of the numerous archaeological materials unearthed in the 
excavations of the Santana Convent in Lisbon. Given the sheer size of the collection, the task of 
studying this assemblage is laborious and time consuming and, therefore, still unfinished, despite 
the efforts of a multidisciplinary team. Thus, the data presented here is preliminary, and the 
overall numbers or some details may be further rectified. 
To comprehend this tile assemblage is important to bear in mind the chronology of foundation, 
abandonment and refurbishing of this convent. The year of 1562 marks the entrance of the first 
nuns and the convent was occupied until the death of the last one in the late 19th century in the 
wake of the dissolution of the monasteries in Portugal. The convent was then partially demolished 
and turned into the Real Instituto Bacteriológico de Lisboa (Royal Bacteriological Institute of 
Lisbon) and later on Institudo Bacteriológico Câmara Pestana (Câmara Pestana Bacteriological 
Institute, from now on referred to as IBCP), after the proclamation of the Portuguese Republic in 
1910.  
Through the available documentation, we know of at least three large construction and 
reformulation campaigns, in 1674-1681, 1707 and 1729. Another campaign took place after the 
earthquake of 1755, since it affected the buildings greatly [1]. 
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In 1880, after the dissolution of the convent, a great number of tiles from Santana were taken to 
the Madre de Deus convent, in Xabregas (the future Museu Nacional do Azulejo, MNAz, the 
National Tile Museum), which was itself undergoing a process of remodelling, with the 
contributions of other convents [2]. 
The excavation in the Santana Convent took place in two different campaigns in the context of 
the transformation of the former IBCP space into new facilities for the Faculdade de Ciências 
Médicas da Universidade Nova de Lisboa (Nova Medical School). The first occurred in 2002, 
focusing on an area already cleared of buildings, and acted almost as a preliminary survey for 
archaeological potentiality. The second campaign took place between 2009 and 2010, 
encompassing the remaining area of the IBCP, at the same time as the actual construction works. 
Several original structures of the convent were found, such as part of the cloisters (with graves 
within it), three wells, rooms and garden constructions, part of a subterranean water conducting 
channel and several cess pits formed from the 17th to the 19th century. 
 

 

Figure 1: Plant of the exhumed structures. 

The first archaeological campaign (2002) 
The first work focused on an area mainly corresponding to the cloister and part of the church, 
which explains the large amounts of tiles collected, some of them whole. Most of them were 
found inside a large well, which was partially filled during the IBCP conversion works, although 
made sometime during the convent’s occupation. That information is presented more thoroughly 
in table 1, with the amount of tile fragments per place (or locus) identified during the excavation. 
The description “grid squares” concerns an area with some, hard to identify and overall not 
noteworthy, structures of the convent, which was excavated according to a pre-defined grid 
system, following a serial numeration. 
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Thus, none of the tiles of this campaign were found in situ, nor directly associated to any 
structures, so their original placement within the convent is almost impossible to ascertain. 
 

Locus Map location Number of fragments % 
Well 1 A 5938 89.37 
Pit 4 B 23 0.35 
Pit 5 C 1 0.02 
Grid squares N/A 439 6.61 
Surface finds N/A 243 3.66 
Total N/A 6644 100 

Table 1: Amounts of tile fragments, per locus, found during the first excavation campaign. 

The second archaeological campaign (2009/2010) 
As mentioned above, the second archaeological campaign accompanied the construction works 
and encompassed all the remaining area of the IBCP. 
3271 tile fragments were recovered during this campaign period, but this number is not closed 
since the treatment and analysis of these materials is not yet concluded, with a substantial number 
of materials still to be washed. Among those, there may be some tile fragments. 
 

Locus Map location Number of fragments % 
Sector II D 129 3.94 
Channel area E 98 3.00 
Stable F 894 27.33 
Cistern G 98 3.00 
Compartments H 46 1.41 
Pits (6 and 7) I and J 234 7.15 
Ossuary under the arch 
(Pit 11) 

L 52 1.59 

Tiled floor area (Qs 271-
274) 

M 974 29.78 

Well 2 N 567 17.33 
Well 3 O 2 0.06 
Reception area P 7 0.21 
Necropolis area, graves 
and ossuary 

Q 110 3.36 

Surface finds N/A 60 1.83 
Total N/A 3271 100 

Table 2: Amounts of tile fragments, per locus, found during the second excavation campaign. 
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The loci with the highest number of tiles are a paved indoor area underneath the Institute’s parking 
lot and a garden range under the stable (identified as M and F in the map, respectively). Both 
were not greatly affected by the conversion of the convent into the IBCP, since the buildings on 
top of them had no basement, and that is why these were also the only places where in situ tiles 
were found. 
According to the plants of the convent from 1871 and 1910, these spaces were devoid of 
constructions. Nevertheless, the excavation revealed some structures we have interpreted as 
gardens and/or a “casa de fresco”, both very popular features in baroque architecture, in the stable 
area (F in the map, Figure 2.3) and the tiled floor area beneath the IBCP parking lot (M in the 
map, Figure 2.1 and 2.2).  
The other loci mentioned in table 2 either have residual numbers of tile fragments, or are clearly 
filled with debris at a later date, such as well 2, (identified as N in the map) or even the result of 
soil disruption, the case of pit 11, which was purposefully created during the construction of the 
IBCP and placed under a loadbearing arch (identified as L in the map). It was originally an 
ossuary fashioned by human bones, coming from the disruption of the cemetery, and a debris pit 
with a large amount of materials on top of that. 
The number of farmsteads in and around big cities in Portugal is significant, reflecting the high-
society taste for the countryside. We should keep in mind that this particular convent was 
inhabited by the daughters of the nobility and they were certainly used to a high standard of living. 
Convent gardens reminded the community of the pleasures of profane life, not necessarily with 
the goal of spiritual salvation, but they were also a space for introspection and the encounter with 
God. 
There are several examples of tiles used in garden benches, flowerbeds and other architectural 
elements in different points in the country, such as the Nossa Senhora do Desterro Convent, in 
Monchique [3], or the recreational farmstead of the Archbishop of Braga [4]. 

DIACHRONY OF THE DECORATIONS 
The tile assemblage from Santana Convent spans the entire chronology of its occupation, 
indicating the change in taste in society and, above all, the economic capacity of the monastic 
community. 
For the time being, only the data from the second campaign regarding tile types and decoration 
is available but it is assumed to be representative of the whole collection. The amounts of 
fragments for each type are presented below, in table 3. 
In addition to the tile fragments gathered during the excavation works, we will also be including 
information regarding tile panels we safely know were once placed in the Santana Convent and 
were taken to Madre de Deus Convent in Xabregas in the late 19th century, during its refurbishing 
to become the IBCP. This information is clearly stated in a report written in 1907, listing and 
describing these tiles, and the places where some of them were later placed in Xabregas [9]. 
We believe this information is vital to comprehend the overall tile decoration of the convent, 
because there are some types of tiles we have not found during the excavations, but were taken. 
Each case will be presented in its chronological timeframe. 
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Tiles typologies Number of 
fragments 

% 

Hispano-Moresque tiles 1 0.03 
Checkered geometric (enxaquetado) tiles  386 11.80 
17th-century polychromous pattern tiles  205 6.27 
17th-century monochrome pattern tiles  197 6.02 
18th-century blue and white figurative tiles  242 7.48 
Albarrada tiles 194 5.93 
18th-century frame tiles  945 28.89 
Single figure tiles 279 8.53 
Sponged tiles 61 1.86 
Polychromous 18th and 19th-century figurative 
tiles  

5 0.15 

Indeterminate 756 23.11 
Total 3271 100 

Table 3: Amount of tiler per decorative type, from the second archaeological campaign. 

16th century 
Only one small Hispano-Moresque tile fragment was found (Figure 2.4). It was produced with 
the cuerda seca technique and was unearthed on a pit created by overturned soil during the 19th-
century works (as were most pits). 
Given its production type, it is most likely Spanish in origin, from Seville (Triana), since there 
are no known kilns where cuerda seca tiles were produced in Portugal. The decoration is 
phytomorphic and finds an excellent parallel in the Manueline cloister of the Pena Palace, Sintra, 
although we cannot be sure if those tiles were originally from this palace or applied later in the 
19th century by order of King Ferdinand II. [5] However, this kind of tiles are not uncommon in 
Portuguese church walls and altars from the 16th century. 
Two interesting tiles from this period also deserve a mention. These were found in one of the 
largest pit like deposit of materials (the ossuary under the arch, pit 11) created in the 19th century. 
They are the earliest examples of tiles in the maiolica technique in Santana and present all the 
characteristics of a 2x2 pattern tile, with a polychromous phytomorphic central motif and a 
chronology from the second half of the 16th century (see Figure 4.5). They were produced in 
Talavera de la Reyna, Spain, and are not common in Portugal but were popular in Spain after 
their use in the Escorial Palace in 1570 [6]. Later on, during the 17th century this pattern was 
slightly adapted and incorporated into the Portuguese pattern repertoire, in both polychrome and 
blue on whit. [7]. 
Blue, white and green geometric checkered (enxaquetado) tiles were also found, the first two in 
higher number. It is plausible to assess that the convent tile wall covering in the 16th century was 
a geometric scheme, since they comprise 11% of the total amount, as seen in table 3. This 
conclusion is further supported by the three small sets of enxaquetado tiles still held together by 
mortar (Figure 3.1). These decorations have a chronology from the end of the 16th century until 
ca 1634-1640, and is quite common on Portuguese churches and monasteries [8]. 
In addition to the tiles found during the archaeological excavation, we know that several similar 
tiles were taken to the Madre de Deus Convent in Xabregas in the late 19th century, some of them 
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were reapplied in the Saint Auta cloister, where they still are today, occupying a total area of 38 
m by 3 m [9]. 

17th century 
Panels 
It is noteworthy that no fragment from a 17th-century figurative panel was found during the 
excavations. However, in the list of tiles taken from the Convento Santana to Xabregas in the late 
19th century, eight such panels are mentioned. These are described as small, unartistic, the images 
lacking in proportion and expression, painted in blue, yellow, purple and green, two of them 
showing the dates of 1635 and 1640. The themes are religious in nature and typical of this period: 
a monstrance surrounded by angels holding candles, Saint John the Baptist, Holy Family, a sphere 
with the inscription “IS”, Saint Didacus (better known by his Spanish name Diego) and Saint 
Anthony, the most venerated Portuguese saint [9]. 
The first of the panels listed above, the monstrance, has been positively identified and published 
[10]. The panel with the MNAz inventory number 131, with a monstrance and the caption “LSO 
SANTISIMO SACRAMTO”, identified by the museum’s researchers as coming from Santana, 
might match the one described in the 19th-century list as only a monstrance, not mentioning the 
caption which is quite visible. 
The panel with the Holy Family described in the list of tiles taken to Xabregas, in our opinion 
matches the panel with the inventory number 170 from MNAz, which is presented as having an 
unknown origin. [11] Although we are aware that this is a very common depiction, we believe 
that it might have been originally placed in the Santana Convent. 
As for the panel showing Saint Didacus, who is not a usual representation in Portugal, it is 
described as having a religious habit and the inscription “S. Diogo”, which is exactly the same as 
panel nº 140 from MNAz, and given its rarity, we believe it might have come from Santana 
Convent. Furthermore, the MNAz panel was first published, in 1995, as originally having been 
placed in Casa Pia de Lisboa but in 2012 that information was changed to unknown provenance 
[12]. 

Patterns 
In this study of 17th-century pattern tiles we follow the typology and nomenclature created by 
Santos Simões in 1971 [13]. 
Pattern tiles represent 12.3% of the total amount, with 402 examples, divided into two groups: 
polychromous and monochrome: the first with 205 and the second with 197 individuals. So far 
53 distinct patterns were identified, most of them with few copies each, approximately half having 
less than 5. We have recognized 24 polychromous patterns (P-11, P-43, P-73, P-74, P-84 P-314, 
P-387, P-388, P-391, P-604, F-10, F-13, F-14, F-22, C-1, C-36, C-43, C-71, C-82, C-91, C-
115/118, B-1, B-18 and B-29), 14 monochrome patterns (P-68, P-211, P-212, P-219, P-318, P-
376, P-475, P-489, F-19, C-4, C-27, C-66, B-38 and B-59A) and 15 which, despite having been 
registered as polychromous by Santos Simões, present a monochrome version (P-107, P-119, P-
206, P-370, P-389, P-401, F-17, F-39, B-32, C-12, C-69, C-95, C-96, C-97 and C-123) and of 
these six present both forms (P-206, P-370, P-401, C-96, C-97 and F-39) (see Figures 3.2, 3.3, 
3.6, 4.1, 4.2, 4.3 and 4.4). 
Similarly, we have found some variations to the patterns listed by Santos Simões. This is not 
surprising, since this researcher worked in the decades of 1960 and 1970 and he only registered 
patterns still in place during his travels and inquiries. This fact has been acknowledged by 
researchers dealing with this type of tiles [14]. 
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Despite the numbers being somewhat similar (see table 3), there are far more polychromous 
patters than monochrome patterns in this assemblage. Thus, each blue and white pattern has many 
more specimens each, especially if we take into account that the pattern examples now in MNAz 
we safely know came from the Santana Convent, are 2x2 blue on white, and cover a considerable 
surface. It is close to the P-206 pattern (Figure 4.2), with a central camellia or magnolia motif, 
particularly popular during the reign of King John IV (r. 1640-1656) and with a symbology akin 
to roses, that is a connotation to the Virgin Mary and perfectly adequate for a convent whose 
invocation is Saint Anne [14]. In fact, this decorative family is the most represented one in this 
collection. 
The large amount of patterns with very few individuals may indicate a deliberate dismantlement 
of patterns tiles before the 19th-century partial Santana Convent demolition. 
As for typologies, we find the entire pattern spectrum in this assemblage, with 28 patterns, 7 
friezes, 16 frames and 6 bars, which is the usual proportion. 
Most patterns are of the 2x2 type (51 out of 55), two are 4x4 and only one is 6x6. The use of 
“smaller” patterns may be connected to the place they occupied in the convent, or even to a 
decorative programme where each pattern was confined to a small area, like only one wall, since 
4x4 and 6x6 schemes are meant to cover large spaces [15]. 
Chronology wise, we also find the entire spectrum of pattern production. It begins with caixilho 
compósito compositions, continues with 2x2 patterns which appear around 1620, 4x4 from 1630 
onwards, as well as 6x6, both still sporadically used in the 1670’s. Blue on white appears around 
1680 and continues into the beginning of the next century [16]. 

18th century 
Figurative panels 
The largest amount of tiles found in the 2009/2010 campaign relate to 18th-century panels and 
their frames. Panel tiles represent 7.48% (242 examples) and frames 28.89% (945) of the total 
amount (see table 3).  
Frames present some variations to baroque winding acanthus leaves, but with a certain coherence. 
There is a degree of diversity of corner elements, with mascarons (grotesque faces) (Figure 3.4), 
flowers and putti (Figure 3.5). Most show characteristics of the first half of the 18th century, so 
we might associate them to the 1707 and 1729 renovation campaigns in the convent.  
As for the panels themselves, the tiles are very fractured and the compositions, and overall 
themes, are very hard to assemble or even understand. Up until now only a small panel from this 
campaign was put together, found in the stable area. It depicts a lady, richly dressed and holding 
a martyr’s palm branch and standing in front of a tower, with a small lightning bolt to her left 
side (Figure 5.1). Given these attributes, we believe that the panel represents Saint Barbara. The 
characteristics of the composition point to a chronology of the second quarter of the 18th century. 
The 1907 list we have been alluding, with the tiles taken to Xabregas, mentions the transfer of 
three small panels of the same size representing Saint Michael, Tobit and the angel and the 
archangel Raphael [9]. Quite possibly these and the panel found during the archaeological 
excavations were part of the same set. 
Despite not being able to restore any other compositions, we would like to draw attention to two 
interesting and with high technical quality tiles. The first (Figure 3.8), found in the stable area, 
presents thin deep blue brushstrokes and depicts part of a building with a portal in the Manueline 
style, with part of a female religious image to the left side, over a decorated corbel. That lady 
seems to be sitting on an armchair and holding a small child on her lap, which is the typical 
representation of Saint Anne, the patron of the convent. The images we have of the convent from 
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the 19th century show a very different façade than the one showed in this tile, which is closer to 
the architecture of Madre de Deus in Xabregas, or even that of the Hospital Real de Todos os 
Santos, Lisbon, whose representation in a tile panel from ca 1740, from the famous tile painter 
P.M.P, now in display in Museu de Lisboa – Palácio Pimenta, closely resembles the tile fragment 
in this assemblage [17]. The fragment might depict a reality of the Santana Convent we do not 
know of and was modified later on, or even destroyed by the 1755 earthquake. It may even 
illustrate an imaginary or idealized space, perhaps narrating a real or biblical event like the panel 
from the Santa Marta Convent (now a civil hospital) depicting the moment when Saint Clare of 
Assisi casts out the troops of the Holy Roman Emperor Frederick II, standing in front of the 
Monastery of San Damiano (Saint Damian) [18]. 
The other tile worth mentioning, also unearthed in the stable area, shows a male image, slightly 
less skilfully drawn but still with high quality and detail. It is safe to say that both tiles belong to 
separate panels. The man portrayed wears a wide brim hat and holds something we cannot see 
behind his back, possibly being a street vendor (Figure 3.7). 
In the first excavation campaign of 2002, some interesting 18th-century panel tiles worth 
mentioning were found. One shows the head and torso of an angel playing trumpet, it has very 
thin brushstrokes and delicate features, with a strong contrast of light and dark conveying volume 
and texture, especially in the wings (Figure 3.9). 
Also from that campaign two complementing tiles were found, showing a blue on white 
composition with a human faced and bird winged putto on top of a tulip and other smaller flowers 
tied with a bow and apparently coming out of what seems to be a bottleneck. Its chronology 
should be the first half of the 18th century. The tulip is not a usual subject in Portuguese art in 
general, and finds its way into Portuguese single figure tiles through Dutch influence. This tulip 
in particular is very realistic and its best parallel is a frieze of 33 polychrome tulips made in Hoorn 
ca 1630-1650, a period known for a tulip craze and might be the inspiration for this panel [19] 
(Figure 5.5). 
Besides the other tile panels taken to Xabregas we have already mentioned, eleven others are also 
featured in the 1907 list, some of them incomplete and one with a large size 2.70 m x2.37 m, 
although not mentioning the decorations. [9] We can speculate if the tiles collected during the 
archaeological excavations are the missing ones from said list. We cannot but associate this 
information with the panels displayed in the “D Manuel” room in MNAz, where we find six 
panels originally from the Santana Convent. In fact, they were cut apart and dismembered to fit 
the walls and the spaces between the windows, depriving them of their original character [2]. 
They would probably have a frame, which might have been left in the convent. The large panel 
in the room far exceeds the measurements mentioned in the list, as it has 2.94 m by 7.56 m since 
no decorations are mentioned in the list, it is impossible to be sure. 

Single figure tiles 
The 2009/2010 campaign unearthed 279 single figure tiles, corresponding to 8.53% of the total 
amount (see table 3). We have stablished four main motifs, from highest to lowest amount: 
flowers, animals, boats and anthropomorphic depictions. These are, indeed, the most common 
themes, alongside buildings and fruit baskets [20]. 
We have not identified caricatures like the ones found in the São João de Tarouca Monastery, 
perhaps because that was a male religious institution and those tiles could be considered rude and 
unladylike [21]. 
Flowers dominate this production, with carnations, tulips, lilies and daisies in similar proportions 
(Figures 3.10 and 3.11). As for animals, this assemblage comprises mostly dogs, all of them sleek 
greyhounds running and with pointed ears, and undefined wading birds in various positions, 
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perhaps herons (Figure 3.12). One tile shows an owl surrounded by foliage (Figure 3.13), and 
another a rabbit or hare, with long ears and a short tail (Figure 5.2).  
The tiles representing boats all present the same typology: in profile, with two triangular sails and 
highly stylized (Figure 5.3). Lastly, there are two tiles with human depictions, both incomplete 
and male (Figure 5.4).  
As for the tiles’ chronology, the owl seems to be the oldest one, because it does not present any 
corner element. All the others have them, one is a four-petal flower with a circle in the centre, 
clearly inspired by Dutch prototypes and slightly earlier than the other corner element, the typical 
star with a dot at the centre and corners. 
Since most of the monastic complex was demolished and occupied by the IBCP, it is difficult, if 
not impossible, to identify which places within the convent had this type of tiles. We know they 
were profusely used in kitchens during the reign of King John V (r. 1706-1750) such as the Trinas 
Convent in Lisbon [22]. From the 1755 earthquake onwards, during King Joseph reign (r. 1750-
1777), these tiles were placed in less noble areas such as corridors, walkways and staircases [20]. 

Albarradas  
Lastly, we have to mention the albarrada compositions, heirs to the 17th-century polychromous 
tradition, representing a large trophy like vase, with flowers and fruits, usually surrounded by 
birds. In the first half of the 18th century, only in blue and white, those compositions were widely 
used as connecting elements between larger figurative compositions [23]. 
In the 2009/2010 excavation campaign 194 were found (5.93%) consistent with albarrada 
compositions (see Table 3). 
In the 2002 campaign a composition with 4x3 tiles was unearthed, showing a large trophy like 
high vase, with mascarons as handles, over a small pedestal surrounded by wide winding 
acanthus leaves and putti holding an element which would appear in other tiles (Figure 4.6). It is 
possible that it would be a footer for a larger composition, perhaps even the one on display in 
MNAz. 
We have written information concerning a tile panel with a “trophy” located beside the grave of 
the poet Camões, placed there by the poet Miguel Leitão de Andrada (1553-1630) [24]. The 
designation of “trophy”, somewhat vague, might indicate an albarrada composition, with a high 
footed vase and two handles (akin to a volute krater) and similar to the formal model for trophies. 
This tile typology knows its production peak in the third quarter of the 17th century, but it was 
already fashionable in the first half of that century. This chronology fits in with the placement of 
those tiles in the Santana Convent. Even though we do not know the precise date when this panel 
was placed, it would have to be between the death of Camões in 1580 and the death of Andrada 
himself in 1630. 
This type of compositions could have been used in sequence, creating some kind of frieze, like 
the one we find in the São Quirino Church, in Sobral de Monte Agraço, dating from 1738, 
complete with a frame of winding acanthus leaves [25]. 

ESTIMATE COVERED AREA 
Assuming that all tiles obey the standard measurement of 14 cm on each side, that is 0.0196 m2 
in area, we can estimate the approximate area covered by tiles in Santana Convent.  
Thus, the complete 22.000 tiles we know were sent to Xabregas in the late 19th century [9] should 
cover around 418 m2. We do not know if this number includes the panels in display in the “D. 
Manuel” room in MNAz, but that is unlikely given the lack of information regarding that 
particular decoration in the 1907 report, so we are estimating that area as well. The large panel 
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measures 2.94 m x7.56 m (22.23 m2) and the lower frieze has the same width and 8 tiles in height, 
so 1.12x7.56 m (8.47 m2). The opposite wall is harder to measure due to its wide windows. 
Conceptually, for the purpose of this exercise, we assume that the windows take up around 20% 
of the wall space, which would give a number of around 24.56 m2. The third wall of that room 
presents a panel measuring approximately 11.17 m2. All of that added gives an area of ca 66.43 
m2.  
The 9.915 tiles (even though we are counting here all tile fragments, that number should not be 
far from the truth, because an extensive work of collages was made) accounted for as of yet in 
both archaeological campaigns amount to 188.38 m2.  
Adding all these areas, we get ca 672.81 m2 in tile covered area in the Santana Convent. Of course 
not all tiles were used simultaneously, given the disparity in chronology within the tile collection. 
However, spaces showing diverse types of tiles, with different chronologies, are not unheard of. 
Stating that all the tiles we found were in the walls during the late 19th century refurbishing works 
is probably going too far, but we do know that all the tiles taken to Xabregas were still on its 
walls [9]. So, tiles with different chronologies would have been on display in the 19th century, 
with examples from the 16th, 17th and 18th century still in their places.  
This exercise is purely theoretical, and is meant provide a perspective on the size covered by tiles 
in this convent, a feature which is not usually regarded. We believe that this is a viewpoint worth 
exploring as the research develops. 

SOME CONCLUSIONS 
At this point in the study of the tile assemblage from the Santana Convent we can draw some 
conclusions. The purposeful removal of several tile panels during its adaptation to IBCP in the 
last years of the 19th century greatly conditioned the formation of archaeological strata, which 
explains the lack of tiles from figurative compositions from the 17th and 18th centuries. This 
absence is particularly notorious regarding central motifs, since a significant number of frames 
from those periods were found. It is also true that some tiles might have been stolen during those 
troubled times in the 19th century, and that matters would have been even worse if the people in 
charge of renovating the Madre de Deus Convent in Xabregas, the future MNAz, had not taken 
tiles from Santana Convent for storage [9]. Unfortunately, at the same time several other convents 
throughout the country were going through the same fate and information got lost and scattered. 
Maybe one day we will know all the tiles originally placed in Santana Convent. This event, along 
with the possibility of theft after the dissolution of the convent, or even before that, create an 
undertone to the study of its archaeological finds, since they might really not correspond to the 
reality. 
The decoration of each space within the convent will probably remain unknown to us due to the 
changes in the 19th century. What we can surely say is that a wide surface would be covered, and 
that specimens from different chronologies would be in use simultaneously, as happens in almost 
all spaces with such a long diachrony.  
It would be of great importance if it could be uncovered with certainty which tiles now in the 
MNAz’s old fund came from Santana Convent, in order to create a more realistic panorama of is 
tile decoration and ideological programme, since, for now, we find a dichotomy between 
Franciscan and Marianne imagery, as was alluded before, in a clear discourse between the 
invocation and the religious affiliation of the convent. The efforts of the “Devolver ao Olhar” 
project have been extremely important towards that, by finding the origins of some panels and 
assembling others, still with an unknown origin, which may well be the Santana Convent, such 
as the recently rediscovered panel showing the birth of Saint Anne, where a triple reference to 
her name stands out [26]. 
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The lack of Hispano-Moresque tiles 16th-century tiles and the presence of enxaquetado tiles, and 
the two Spanish majolica tiles lead us to believe that the first tile covering was comprised of 
enxaquetado tiles, certainly a taste-based option, since other possibilities were available at the 
same time, and the community had the economic means to choose. 
In the 17th century the convent was decorated with pattern tiles, punctuated by small evocative 
tiles depicting saints and religious imagery, which were still in place in the 19th century, when 
they were taken to Xabregas. Perhaps we can relate this redecoration with the convent’s 
expansion works that took place in the 1670’s and 1680’s, a period when blue on white was 
becoming the norm. 
The 18th century is the period from which the largest number of tiles was found, although we 
could only place together a small panel depicting Saint Barbara. The high number of frames 
would be connected to the purposeful removal of figurative panels in the late 19th century. Also 
from this period, we found a significant collection of single figure tiles, with different motifs, 
which would have been placed in less important spaces within the convent. Probably this 
perceived lack of importance and aesthetic value was the reason they were not taken to Xabregas. 
We can safely say that many rooms in this convent had their walls covered with tiles, which 
would cover more than 650 m2, from its foundation until its dissolution and that several changes 
took place throughout time.  
Despite what we do not know regarding the convent’s architecture and tile covering, it is 
important to recognize that, as with several other monastic houses, it would have tiles in its 
church, garden, cloister and perhaps other common spaces such as the kitchen, refectory, 
staircases and walkways. 
Thus, more than 32.000 tiles were used, creating a valuable collection, not only for its number 
but also for the quality of many panels, which reflect this particular Portuguese taste, able to 
transform the architectural austerity of a religious space, bringing life and rhythm to its walls, 
coolness to warm months. In short, the convent was, in the Portuguese case, a space of social 
gathering offered by the parlour in European courts [27]. 
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Figure 2 – 2.1: Overall view of the tiled floor area (M in the map); 2.2 – Detail of the in situ tiles in the 

tiled floor area (M in the map); 2.3: Detail of the garden area beneath the stable (F in the map); 2.4: 
Hispano-Moresque tile fragment. 

 

262 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 
Figure 3 – 3.1: Group of three exaquetado tiles still hold together; 3.2 – 17th century pattern tile, C-36; 3.3 
– 17th century pattern tile, P- 119; 3.4 –Corner element of a 18th-century frame depicting a mascaron; 3.5:  
Corner element of 18th century frame depicting a putus 3.6: 17th century pattern tile, C-43; 3.7: Fragment 
of a 18th-century panel tile depicting a man; 3.8: Fragment of a 18th-century panel tile depicting part of a 
building; 3.9: 18th-century tile with a musician angel; 3.10: Single figure tile with a flower; 3.11:  Single 

figure tile with a flower; 3.12: Single figure tile with a bird, possibly an heron; 3.13: Single figure tile with 
a bird, possibly an owl. 
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Figure 4 – 4.1: 17th century pattern tile, P-388; 4.2: 17th century pattern tile, P-206; 4.3 –17th century 
pattern tile, B-29; 4.4: 17th century pattern tile, double F-14; 4.5: Polychromous 16th century tile from 

Talavera de la Reyna; 4.6: 18th-century composition with an albarrada in the centre and flanked by two 
angels. 
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Figure 5 – 5.1: Small panel depicting Saint Barbara; 5.2: Single figure tile with a rabbit or hare; 5.3: Single 

figure tile with a boat; 5.4: Single figure tile with a man; 5.5: Two 18th-century composition with a tulip 
and an angel. 
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SUMMARY:  The first documents referring to lead glaze ware production in Lisbon go back to 
the 16th century with the reference to green glazed pots, mentioned the Lisbon Potter's 
Regulation. Although no kiln site producing exclusively lead glaze wares was actually found in 
Lisbon some evidence suggest that these objects may share the same kilns with redware 
production. The most frequent shapes are large flared bowls, cooking pots, jars, plates and 
chamber pots, in green and/or yellow, among other forms used in domestic activities. This paper 
aims to present the types of objects produced by Lisbon potters, discussing production techniques, 
shapes and function as well as other glazed objects used in Lisbon households based on vessels 
found in two archaeological excavations in Lisbon, in Carnide and Rossio, reflecting domestic 
activities from approximately 1580 to 1755. 
   
KEY-WORDS: pottery; lead glaze; green glaze, vessels; domestic consumption 
 
 

INTRODUCTION 
In 1572 the Lisbon Potters’ Regulation divides the craft officials between redware, green glazed, 
white glazed and roof tile officials (louça vermelha, louça verde vidrada, louça branca vidrada 
and telheiros). This is one of the first documents in Lisbon mentioning the production of lead 
glazed wares (Correia, 1926). Older documents are known in other parts of the country such as 
in Coimbra where a 1556 regulation already mentions the production of lead glaze, calling the 
craftsman as malagueiros (Carvalho, 1921). Based on archaeological evidence the production 
and widespread consumption of Lisbon lead glaze may have started during the second half of 
the 15th century although an earlier production of lead glazed green objects should not be put 
aside, considering it may have occurred in other areas of the country, although further evidence 
is necessary to interpret this possible phenomenon (Ferreira et al., 2016). In the Tagus valley 
area kilns producing lead glazes have been found at least in Alenquer (Cardoso, et al., 2016), 
Mata da Machada (Carmona e Santos, 2005) and Santo António da Charneca (Barros et al., 
2012). The majority of these findings correspond to 16th century debris areas although an earlier 
production could go back to the 15th century.  
In some kiln sites in Lisbon, dated from the 15th century, it is not rare to find biscuit fire objects, 
possibly indicating that those recipients would be glazed afterwards, nonetheless the presence of 
lead glazed objects in the kiln wasters is rare and it is impossible to determine if those were 
produced in that particular kiln or not.  

268 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



The 1572 document, possibly not the first to be made but the one which survived, can in fact 
give us important information about craft organization and the importance of lead glaze 
production. The organization of the lead glazed potters is quite similar to the redware and tin 
glaze potters. Every year two of the craftsmen were chosen to be the craft judges. The role of 
these two men were to serve as inspectors making sure that production was controlled and 
followed the established rules. They actually had to be called every time a kiln was opened after 
fire so they could check if production was being made as ordered by local authorities. If the craft 
followed the same rules as the Coimbra craft even the amount of clay and sand would be 
regulated (Carvalho, 1921). This was actually quite possible considering that the document states 
that sometimes potters did not produce the pots according to their own regulation, suggesting 
that each craft might have had its specific documents (irem ver o tal forno se a louça é feita 
desenganadamente como lhe manda seu regimento por serem informados que os ditos oleiros 
muitas vezes fazem a louça de maneira que tanto que a poem no fogo estala assi por ser mal 
cosida como por ter pouca areia). 
All the objects produced in Lisbon had a red micaceous fabric varying from light red (2.5 YR 
2/4 MSCC) to dark brown (5YR 5/4 MSCC) in colour. The sherds present a homogenous fabric 
with small-medium quartz, lime and micaceous inclusions. The pots were all wheel thrown 
showing rilling marks on the interior surfaces.  
One of the main responsibilities of these judges was to examine who was able to become a lead 
glazed potter by signing a letter. In order to be one any craftsman had to know how to prepare 
the clay, build the object, prepare the glaze, glaze the recipient and fire it (“Item saberaa 
enfornar, vidrar, e cozer”). But he could just not simply acquire the glaze mixture already 
prepared since he had to know how to use a small kiln in order to oxidize the lead and transform 
it into dust (Item saberaa fundir o chumbo en hua fornalha de modo que se faça em poo muito 
meudo e se pineire), he also had to learn to grind and sieve the sand (Item saberaa moer a area 
que se lhe bota e peneirala) and add the right amount of copper oxide to give it a green colour 
(Item saberaa deitar lhe o cobre por seu peso). Although no yellow or brown glazes are 
mentioned in this document they are frequently found in Lisbon domestic environments and 
sometimes even associated to kiln wasters (Fig. 1). Paste observation makes us conclude that 
these were also made in Lisbon, thus although the regiment does not mention yellow glazed 
pottery. These objects are mostly associated to the second half of the 17th century onwards.  
This document is also very specific concerning what type of objects the potters had to do in order 
to pass the exam: alguidares grandes e pequenos (large and small flared bowls),  frigideiras 
(frying pans) and tijellas de fogo (cooking bowls), but also panellas de mea arroba cada hua 
(large boiling pans) panellas mais pequenas e de toda a sorte (smaller boiling pans) almotolias 
grandes e pequenas (large and small bottles), tachos (cooking pots) enfusas de toda a sorte (all 
types of jars) pratos de toda a sorte (all types of plates) canos para telhados de cinco palmos 
(pipes to be used in roofs), malegas grandes que chamão vermelha (large bowls), escudelas de 
feição de porcelana (bowls shaped as porcelain) and hu servidor (a pot which could have many 
functions including being used as a chamber pot).  
The majority of these pots has a direct translation into the archaeological record and these were 
the shapes that Lisbon inhabitants were using when using lead glazed pottery in their daily 
activities. 
However, there are other documents that can actually help to understand what were these glazed 
pots used for. Inventories, letters and especially recipe books mention the used of glazed pots in 
many different functions especially cooking, storing and serving. Whenever those documents 
provide information about the function of these recipients they will be mentioned. 
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Fig. 1: Different glaze colours from ceramics recovered in Lisbon  

The objective of this paper is to present the lead glaze artefacts found in two sites in the Lisbon 
area, one in Carnide and the other in Rossio square, and try to connect those shapes with the 
forms mentioned in the potters’ regiment, discussing their use in the domestic activities of 
everyday lives. The different chronologies of both sites permit an overall perspective on what 
type of lead glazed objects were being used in domestic environments during the Early Modern 
Age in Lisbon. 
Lead glaze pottery is frequent in early modern archaeological sites in Lisbon, however, it is still 
difficult to understand in what amounts. The quantity present in archaeological contexts has 
many variations related to chronology, type of site and even site formation. These were the issues 
which the authors had in mind when selecting the sites. 

The sites 
The excavation of an area in order to replace sewer systems and general refurbish of a city square 
in Carnide lead to the discovery of more than one hundred medieval storage pits transformed 
into dumpsters in the 16th and 17th centuries (1550-1650 approx.) (Fig. 2) (Caessa and Mota, 
2014). These reflect the daily use of ceramics and other material culture elements used by that 
population in what can already be considered a rural area, although associated to important 
religious houses. Literally thousands of objects, in different stages of conservation, were found 
inside those abandoned storage pits (Fig. 3). Unfortunately, it was not yet possible to study this 
collection entirely, meaning that we are not yet able to provide a definitive number of all the 
ceramics found on site. Some studies are being made. Chinese and European imports and some 
daily ceramics were already published (Casimiro, Boavida and Moço, 2017; Casimiro, Boavida 
and Detry, 2017) and painted redwares and tin glazes are in preparation to publish soon. 
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Fig. 2: Carnide excavation (after Caessa and Mota, 2014) 

 

 

Fig. 3: Carnide cooking pots 

In Carnide, glazed and tin glazed objects, either imported or produced in Portugal, correspond 
approximately to two thousand recipients. In spite of this large number this does not correspond 
to more than 10% of the overall collection thus unglazed ceramics seem to correspond to around 
90%. The conclusions related to these numbers must bear in mind social and economic 
background of that population and always aware that this is a dumpster site and reflects the use 
of ceramics for almost a century in an area in the outskirts of the city. These numbers although 
corresponding to what people consumed in their households does not mark a specific moment in 
time and can only be used to state a consumption tendency.  
Most of the lead glazed ceramics correspond to recipients used to store, serve and prepare food. 
No evidence of glazed cooking pots was identified, what in fact can be explained by the amount 
of unglazed vessels. In fact, boiling pans and frying pans, with no surface treatment or burnished 
inside are the highest amount of finds together with drinking cups. When analysing the lead 
glazed ceramics thoroughly we are aware that not all of them present the same fabrics, thus 
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produced in different areas and possibly not all of them made in Lisbon, with similarities with 
the finds from Alenquer and Santo António da Charneca (Cardoso, et al., 2016; Barros et al., 
2012). 
As for the other site an excavation made in the summer of 2017 discovered the remains of a 
house destroyed on the morning of 1 November 1755, located on the edge of a building’s block 
in the southwest area of the Rossio square. Three compartments were excavated, including an 
inner yard (Fig. 4). The structures were well preserved on the level floor and while the yard, a 
private area with a direct exit to a main street and a water well, had a cobbled floor the other two 
were covered with red floor tiles. One of these inner compartments seems to have been used as 
a kitchen. The typology of its construction with a well, a tank with the walls covered in tiles, and 
the material culture found inside, including a knife on the floor and a redware pot close to the 
well, used as a water container, suggests this use. 
 

 

Fig. 4: Rossio excavation  

The other compartment has no especial feature that would help us recognize its use, however the 
abundance of objects inside, some of them large storage vases in situ, may indicate its use as a 
pantry or storage area. This site is extraordinary since we are able to understand what type of 
lead glazed wares were in use in that particular house, in one particular moment. This is a perfect 
site to study the consumption of glazed pottery in the mid-18th century Lisbon considering that 
all the objects found were in used the day that house was destroyed. Once again the conclusions 
made about the pottery found here have to bear in mind that this was located in one of the richest 
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areas of the city and the type of ceramics found inside suggest a wealthy social background 
(Casimiro, et al., in press). Green glazed boiling pans and frying pans correspond to the majority 
of the kitchen ware, although unglazed objects were also in use. That being said the majority of 
the cooking ware was actually glazed and corresponded to 21% of the overall collection which 
indicates a clear increase when compared to the Carnide collection. A large complete storage 
pot, yellow glazed was found in situ and possible used as a container for organic domestic 
garbage.  

The objects 
Alguidares (Fig. 5A) are among the most frequent lead glazed objects found in Early Modern 
Portuguese archaeological contexts, and one of the form potters had to know how to do to pass 
their exam. These have oblique walls, flat bases and everted rims. The inner surface of these 
robust objects was most of times covered with green or yellow lead glaze although unglazed and 
burnished objects are occasionally found. Fabric observation reveals that not all of them were 
made in the same place and several origins have to be considered. In the Carnide excavation red 
paste alguidares were found covered with green and yellow lead glaze as well as objects with 
light buff sandy fabrics suggesting a southern Spanish Andalusian production.  As for the Rossio 
excavation only three fragments were found, one green and two yellow glazed. 
 

 

Fig. 5: Glazed objects found in Carnide and Rossio 
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These were among the most versatile objects in use in any Lisbon dwelling and a true 
multifunctional object. In the Livro de Cozinha de D. Maria, a recipes book written somewhere 
in mid-16th century these are used to wash fresh cut quinces (“alguidar de agua fria para 
colocar marmelos aparados”) (Manupella and Arnaut, 1967: 87). In another recipes book by 
Luís de Távora, written around the same time, the alguidar is used to knead dough in several 
recipes (Barros, 2016). However, these were not only used in the kitchen. In the Livro de Contas 
de D. Catarina (1571), there is a reference to two glazed objects used in the pharmacy 
(alguidares vidrados para a botica - 140rs”) (Cândido, 2013, 186). Although we have no 
reference to the size of these objects (and the regiment mentions different size alguidares) in late 
16th century two of these objects cost 140 reis, which would be a considerable price at that time. 
Adding to this there are several archaeological examples of repaired alguidares with several iron 
staples revealing that the price of the object justified the time spent in its repair (Boavida, 
2017:1824 (Fig. 6). 
 

 

Fig. 6: Repairs in a large green glazed alguidar 

Although the 1572 document mentions frigideiras (frying pans) and tijellas de fogo (cooking 
bowls) we found no evidence of these glazed objects in the Carnide excavation (all of them were 
unglazed) although a few of them were in use in the Rossio house (Fig. 5 B-C). These were 
hemispherical recipients with a flat base and straight walls with different sizes some of them 
with small triangular handles glazed on both surfaces. In the Livro de Cozinha de D. Maria, these 
pots are mentioned frequently when referring to food which needed to be fried or taken into the 
oven. In the book Arte da Cozinha (1680) the recipient which is used to fry food also goes into 
the oven in the preparation of Queijo com Lombo de Porco (Rodrigues, 1693: 5).  
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Boiling pots (panelas) were used in all different sizes especially with the intent of boiling food. 
Although shapes tend to slightly vary during the Early Modern Age, especially in rims and 
handles its shape is quite consistent. A globular body with a short narrow neck sits on a flat base 
(Fig. 5 D-E), a shape shared by glazed and unglazed pots, though most of them are only glazed 
on the inside. These are in fact among the most frequent references in cook books and some of 
the recipes have names such as Olla podrida still using the medieval name for cooking pot, 
possibly copied from the Spanish (Rodrigues, 1693). These pans were used to cook food for long 
hours in a low fire which could be directly over the house’s hearth or using a brazier.  
Food was also cooked inside tachos. In Carnide although hundreds of tachos were discovered 
none of them had its walls glazed. Once again the Rossio house had a few of these in use at the 
time it collapsed (Fig. 5 F-G). These were green lead glazed in both surfaces with a hemispherical 
shape and flat base and two or four handles. These objects are frequently mentioned in the 
documentation used to stew food. In the Livro de Cozinha da Infanta D. Maria bone marrow is 
cooked inside these recipients (Gomes, 1996). A note should be made mentioning that in spite 
of the potential of these recipe books in pottery studies a portion of the mentioned objects may 
have been made of copper or iron, although metal cooking pots are rare in archaeological 
contexts, possibly related to their recycling characteristics. 
In spite of the number of lead glazed objects used in food preparation and cooking most of them 
were used to serve food and to eat from. Potters had to learn to do plates (pratos) of all types. 
The presence of these objects in the archaeological record is frequent although their shapes 
change considerably from the 16th to the 18th century. While in older sites these have a trunco-
conical shaped objects with a recessed bottom (Fig. 5 K-L), in the 17th and 18th centuries these 
are going to evolve to large plates with a ring foot, covered with white tin glaze. While they 
correspond to a large portion of table ware in the early stage of their production latter these are 
going to be replaced by tin glazed white objects decorated with blue motifs. Several documents 
mention the used of plates to eat from or to serve food at the table suggesting these had different 
sizes.  
Bowls (malegas or tigelas) with or without handles were also frequently used, some of them 
imitating the shapes of exogenous objects such as Chinese imports. Their shapes are quite 
variable and they could be trunco-conical carinated bowls with a ring foot, or hemispherical ones 
also with a ring foot (Fig 5 H-I). These could have different coloured glazes in its surfaces such 
as green outside and white inside or green and yellow, although the most recurrent are covered 
in and out with the same colour glaze (Figs 7 and 8). Bowls are among the most variable and 
culturally influenced forms. In the 16th century these were carinated reproducing the shapes 
produced in southern Spain which endured from the Muslim period. When the Portuguese reach 
the Indian Ocean and porcelain starts to invade daily lives in Portugal, and in addition to the 
traditional trunco-conical shape, the hemispherical shape, similar to porcelain, starts to be largely 
produced and both are going to coexist at least until mid-17th century. These were used to eat 
from directly and individually or to serve food. In the several recipes from the Arte de Cozinha 
(1680) a book by Domingos Rodrigues food is served in tigelinhas and covilhetes (small glazed 
bowls) while many other dishes are served in normal plates (Rodrigues 1693: 144). 
Water containers were preferably done in non-glazed ceramics so the process of evaporation 
could maintain the water fresh and cold. However occasionally there are some recipients which 
were glazed either in both surfaces or just in their outer surface which were used to contain 
liquids including water, or most regularly wine. The potter’s regiment mentions enfusas de toda 
a sorte, this is, all types of jars. An enfusa is usually interpret as a one handle jar with our without 
a spout in a lobed rim with a flat or ring foot base (Fig.5 N-O). However, other types of jars or 
bottles were also made such as almotolias grandes e pequenas (large and small bottles). These 
could be used as containers for several liquids and would serve at the table to contain water, wine 
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or even olive oil or vinegar. They are small recipients with one handle, a narrow neck and 
globular body (Fig. 5 P).  
 

 

Fig. 7: Bowl (tigela) found in Carnide 

 

 

Fig. 8: Bowl (tigela) found in Carnide 
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Finally the potters’ regiment mentions that in order to get their letter of craft the potter had to 
demonstrate to the judges he knew how to make a servidor (Fig. 5 Q and 9) . This is actually one 
of the most difficult objects to understand what was used for. It is generally recognized in the 
archaeological literature that this pot would have the function of a chamber pot or piss pot, 
nevertheless it is difficult to state if this was in fact the case. Large and robust pots with flat 
bottoms and a wide rims with two handles, glazed on both surfaces are usually said to serve this 
function (Figs. 4). They are recovered with different sizes suggesting that different sized people 
used them and are very frequent in the archaeological contexts from 15th to early 18th century 
when they start to be replaced by small sized tin glazed white chamber pots. However, these 
could actually have different uses inside the household and serve other functions. In the Rossio 
house, in the room recognized as a storage area, there was one of such large vessels (Fig. 9) 
which could have been used as a pot to gather some of the domestic garbage.  

 

Fig. 9: Yellow glazed pot found in Rossio 

Outside the category of domestic used vessels, the regiment also mentions that potters had to 
know how to make canos para telhados de cinco palmos (pipes to be used in roofs), possible 
with the objective of draining water. None of the collections recovered either in Carnide or 
Rossio has any glazed pipes, in spite of the large number of roof tiles found both contexts. 
However, a fragment of a green glazed pipe found in Loulé and interpret as a gargoyle with 
serpents could in fact correspond to such object (Oliveira and Gomes-Martínez, 2017: 614-616). 
Other objects which were not mentioned in the potters’ regulation were constantly produced by 
Lisbon potters and regularly found in the archaeological record or mentioned in other documents.  
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In the 1507 inventory of Beatriz mother of King Manuel, there are references to green glazed 
pots to contain sweets and other foods. Archaeologically these are found constantly. Small green 
glazed pots with a flat base and two handles and even a rilled rim so a string could be passed 
along the neck so a cloth could cover the sweets (Fig. 10) are believed to fulfil this function. In 
the Livro de Receitas da Infanta D. Maria this cloth is often mention as a cover (recipe 89). This 
preservation solution is seen in many Josefa d’Óbidos paintings (Serrão, 1991).  
 

 

Fig. 10: Green glazed pots found in Carnide 

In 18th century Lisbon wealthy contexts is frequent to find a type of green glazed pottery 
decorated with human faces of small children or woman. This was found in a type of burner in 
the Marialva palace (Marques and Fernandes, 2006), in a lid in the Cadaval Palace (Casimiro, 
Almeida and Barbosa, in press) and in another lid in the Rossio house. We are not yet sure if 
these were made in Portugal or imported however they seem to mark some sort of fashion item 
in mid-18th century high society since these were never found in less wealthy contexts excavated 
in the city or its surroundings (Casimiro, 2011; Casimiro et al. in press). 
Among the most interesting glazed objects found in 16th and 17th century contexts are 
zoomorphic whistles shaped as horses with or without a rider (Fig. 11). The identification of a 
fragment of one of these artefacts in the excavation of a kiln area in Alenquer (Cardoso et al., 
2016) may indicate they were being produced outside Lisbon though highly consumed by Lisbon 
populations. These were found covered with green and yellow lead glazes. These are usually 
interpreted as toys (Gomes, Gomes and Casimiro, in press) since they only purpose was to make 
noise. 
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Fig. 11: Green glazed whistle found in Carnide 

DISCUSSION 
The purpose of this paper was to discuss the production and consumption of lead glazed ceramics 
in Lisbon domestic environments in Early Modern age. Since no pottery kiln specifically 
producing lead glazes was ever found this study has to be based in the archaeological remains 
obtained which resulted from domestic activities. 
The majority of the finds has the surface covered with green glaze. Could this be related to the 
availability of raw-materials? Were green glazed objects more resistant or was it just a tendency 
of Portuguese consumers to use such colour in objects? 
Associating form with function is always a difficult task. Although the majority of recipients are 
easy to interpret and a cooking pot was destined to boil, fry or stew food, presenting different 
shapes, an alguidar was a multifunctional object and it is hard to specify what such objects were 
used for or what type of liquids were kept inside an almotolia. However, it is our objective at 
least to start a discussion on the importance that lead glazed objects had in the overall domestic 
consumption of lead glazed ceramics. 
On the other hand, we should also try to understand how did people reacted to these objects. 
Were they seen exactly the same way as non-glazed objects? How did people felt when food was 
served or eaten in a yellow or green glazed bowl? Would they prefer it instead of a redware plate 
or bowl or even a tin glaze plate? All of these objects share the archaeological context thus all 
of them were used by the same population. What would make people prefer ones instead of the 
others? Would food look more appealing inside a yellow or a white plate? Would that make any 
difference at all? 
The first major conclusion while analysing a late 16th /early 17th century context and comparing 
it to a mid-18th century household is that the consumption of lead glazes seems to intensively 
change during two centuries. While in the earlier context lead glaze is almost exclusively 
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associated to table ware and small storage in the mid-18th century context the majority of the 
lead glaze ceramics is associated to kitchen ware with several cooking pots presenting an interior 
and sometimes exterior green glaze. Glazed objects continue to be used as tableware although 
lead glaze is clearly replaced by white tin glaze plates and, for the wealthier groups, porcelain.  
The origin of objects also changes over time. While in the earlier contexts the observation of the 
objects’ body reveals a wide range of origins, most of them believed to be produced in the wider 
region of Lisbon with objects possibly made in Alenquer and the Barreiro area, in the 18th century 
all the glazed objects seem to be produced locally. The change in these consumption patterns 
may have motivated the end of several workshops and kilns abandonment in late 16th century, 
especially with the introduction of white tin glazes massively produced in Lisbon. 
Except for the large alguidares and possibly the highly decorated objects found in the 18th 
century wealthy contexts there is no other evidence of imports outside the Tagus area or local 
workshop productions. These were clearly expensive objects and the type which was not thrown 
away easily based on the evidence of repairs in several of them. 
Except for the glazed pipes used in roofs all the objects mentioned in the potters’ regiments can 
be associated to forms recovered from the Lisbon archaeological record, although potters should 
be free to vary the shapes. Nevertheless, there are some forms found which do not have a specific 
association with the mentioned forms, thus potters could actually manufactured everything 
demanded by the local population, such as all sorts of pots and even ceramic toys.  
The number of glazed wares is very variable according to the social and economic background 
of the population and in some contexts associated to less wealthy social groups in mid-18th 
century the number of glazed ceramics is rather small when compared to wealthy households 
indicating that these were not cheap objects (Casimiro et al., in press).  
 

CONCLUSION 
Glazed wares are a constant presence in all post medieval archaeological contexts since at least 
late 15th century. However, the amounts of their presence are quite variable. Not many 
excavations have a full account of all the ceramics found on site, however the ones who have it 
demonstrate that lead glazes are never the majority of ceramics, a role which is occupied by 
unglazed redwares. Most of the times they are not even the majority of glazed wares and from 
mid-16th century onwards tin glaze wares start to occupy that top place.  
The type of glazed ceramics is also variable and while in the 16th and 17th century they are mostly 
related to table wares with plates and bowls occupying the leading role two hundred years later 
the majority of lead glazed ceramic is used in food preparation.  
When analysing numbers, we should also have in mind that each site corresponds to a specific 
social and economic background and not all of them can be interpreted the same way. Wealthy 
sites consume high quality products and the number of glazed wares, based in the available 
evidence seems to be higher in wealthier contexts, possibly indicating that these were more 
expensive than non-glazed objects. 
Unfortunately, it is not easy to understand the value of objects in early modern Lisbon and except 
for a few documents there are no references to these daily wares. Nevertheless, a major 
conclusion has to be drawn and lead glazed ceramics, although in different amounts, were present 
in poor and rich homes. 
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SUMMARY: Cabo Verde was part of the Portuguese Empire and, as such, the churches and other 
buildings were decorated accordingly, creating a unity of which tiles were a substantial part. 
Archaeological excavations in several sites in the island of Santiago have revealed a collection 
of tiles, most dated to the 17th century, which I discuss in this paper. Sites, decorations, 
chronology and function are presented, along with some preliminary conclusions stemming from 
the author’s doctoral research on Portuguese tiles in Cabo Verde. 
 
KEY-WORDS: Cabo Verde, 17th century tiles, pattern tiles 
 
 

INTRODUCTION 
The aim of this paper is to present an overview of the 17th-century tiles found in the island of 
Santiago, Cabo Verde, from an archaeological point of view. The research presented here is part 
of a larger study conducted in the context of the author’s doctoral thesis. As such, this is a 
preliminary exposition on the subject, with some considerations and suggested approaches for 
further development. 
It is safe to say that the main archaeological efforts in Cabo Verde have been greatly focused on 
Cidade Velha, the old capital of the Portuguese colony (formerly known as Ribeira Grande), 
especially since it became a UNESCO World Heritage Site in 2009. This prospect does not 
necessarily reflect the reality of tile distribution, but rather the biases of research interests and 
public investment. As shown by the recent archaeological excavations in Alcatrazes, sites with 
historical roots, even if altered or abandoned over the years, do have surprises lurking beneath 
the surface. Moreover, the study of place names in the island provides clues on other sites worth 
investigating in the future.  
A comprehensive archaeological study is further hampered by the fact that materials from older 
excavations are scattered through different institutions and are sometimes hard to locate. Finding 
the whereabouts of some materials is still a work in progress, nothing short of detective work in 
some cases, and only possible with the priceless aid from the colleagues of the Instituto do 
Património Cultural (hereinafter, IPC – the Institute for Cultural Heritage, in charge of managing 
archaeology and historical sites in Cabo Verde, among other functions), to whom I express my 
gratitude. 
For the sake of clarity, when referring to decorations and positioning of tiles within the pattern 
scheme I follow the terminology and typology created by Santos Simões in 1971 [1]. 
Recently, the Archaeology Museum of Praia received a large collection of archaeological 
materials, including a substantial number of tiles. Some of them are tagged, so we know their 
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specific provenance, but in general they all undoubtedly came from excavations in Cidade Velha. 
As regards 17th-century tiles, all the tagged tiles belong to the 1999 excavation season at the 
cathedral and will be dealt with accordingly. The untagged tiles, which date mostly to this century, 
will be analysed as a whole, in an attempt to provide them with some context, although with great 
limitations. 

HISTORICAL CONTEXT  
The islands of Cabo Verde were discovered by the Portuguese in 1460, and the Island of Santiago 
soon became a busy commercial outpost. In an effort to attract and establish a European 
population, its inhabitants were given special trading privileges by the Portuguese crown. The 
geographic position of the island enabled a dynamic slave trade between Europe and the African 
mainland which fuelled the economy and development of the island. This also contributed to 
making the archipelago a stopping point for ships heading for India and Brazil. [2]. 
The capital, Ribeira Grande, grew exponentially, gaining the status of municipality and episcopal 
see, and saw the building of infrastructures such as churches and chapels, a customs house, a 
hospital or the episcopal palace [3]. 
This climate of prosperity lasted until the 17th century, its ending roughly coinciding with the 
beginning of the Iberian Union (1580-1640), when most authors identify an economic decline. 
This decline was brought upon by the end of the inhabitants’ exclusivity in slave trade with the 
Guinea coast, direct commerce between the African mainland and other outposts, competition of 
foreign powers and a growing number of devastating pirate attacks. There was a brief recovery 
driven by the need of unskilled workforce in the West Indies from the 1650s through the 1670s, 
but otherwise the economic situation was steadily declining [4]. 
There was an effort to mitigate these conditions, with the construction of several forts and a large 
fortress to protect the harbour of Ribeira Grande from hostile vessels, an attempt to produce 
exportable goods to be traded with ships in transit, and the creation of semi-private shipping 
companies. The effect was the retention of wealth by a small elite now mainly concentrated in 
Praia. This gradual deterioration of Ribeira Grande caused the official authorities, as well as the 
Church, to move to Praia, furthering its decline. Praia would eventually become the capital of 
Cabo Verde in 1770 [5], and continued to be so after the county’s independence in 1975.  
The overall outlook of Santiago Island at the dawn of the 18th century is of political and religious 
unrest, and pirate attacks. Its population depended on subsistence farming and commerce of 
several goods (sugar cane derivatives, tobacco, Roccella tinctoria, physic nut oil, cotton or 
leather, just to name a few), and still being a stopping point for ships crossing the Atlantic. 

TILES IN SANTIAGO  

Early 16th century 
As in other Atlantic islands, Portuguese settlers brought their lifestyle and architecture to the 
Island of Santiago. The earliest churches built here, in the late 15th and early 16th century, 
displayed Mudejar tiles and further archaeological investigations at other known historical sites 
with similar chronologies is likely to expand this list―particularly if we take into account that 
this is was a period of economic prosperity and wealth. 
At this point in time, this type of tiles was manufactured in Seville (Andalusia, Spain), but also 
in Portugal, specifically in Santo António da Charneca (Barreiro) [6]. However, these two 
productions are very hard to tell apart macroscopically, and only chemical analyses can 
unequivocally determine their origin.  
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According to the current state of affairs, there are eight sites in Santiago with this type of tiles: 
Nossa Senhora da Luz Church of Alcatrazes, Cathedral of Ribeira Grande, Conceição Church, 
São Francisco Convent, São Filipe Fortress, São Pedro Chapel, São Veríssimo Fort, São Roque 
Fort and the Episcopal Palace. It is important to point out that the last three sites were not 
excavated, but only surveyed. Also, I have not yet located the materials unearthed at the São 
Francisco Convent and the São Filipe Fortress, and the information I will convey about them is 
based on the excavation reports [7]. 
Except for the São Filipe Fortress, all the excavated sites mentioned above have also yielded 17th-
century pattern tiles, revealing a continuous occupation of these buildings. 

The 17th century tiles in Santiago Island 
As was already mentioned, the 17th century marks the end of the prosperity and economic growth 
of Cabo Verde and Ribeira Grande in particular, but most buildings show pattern tiles dated to 
that century, which imply a certain degree of maintenance and investment in those infrastructures.  
As expected, the vast majority are pattern tiles and a brief description is in order. 2x2 patterns are 
obtained through the rotation of one tile, a “module”, through an axis on each corner. The 
decoration within the tiles is as if unfinished and contains elements of continuity, creating a design 
through the uninterrupted interconnection of ornaments. By adding tiles the pattern can be 
extended infinitely. There are different types of patterns, depending on how many tiles it takes to 
create the repetition element 2x2/1, 2x2/2, 4x4/2, 4x4/4, 6x6 and 12x12. Patterns are always 
limited by tile frames which follow the same rules. There are three types: Friso (‘frieze’), Barra 
(‘bar’) and Cercadura (‘frame’). These could be used alone or together, often following an 
arrangement within layouts containing all three [1] [8]. 
There are seven sites in Santiago with this type of tiles: Rosário Church, Conceição Church, 
Cathedral of Ribeira Grande, Episcopal Palace, Nossa Senhora da Luz Church, São Francisco 
Convent and the Misericórdia Church. 

Surveys and other finds 
Through survey, observations and fortuitous finds only, three other sites have yielded 17th century 
tiles: Alto do Salineiro, the stream course in Cidade Velha and the Praia Ethnographic Museum.  
The first survey took place in 2017 in a small settlement in a plateau area, approximately 2 km 
north of Cidade Velha. The site was surveyed by Chris Evans, from the Cambridge University 
mission, and revealed only small tile fragments, possibly indicating the presence of a church or 
chapel.  
In the second site I mentioned, tile sherds were found in a collapsed area of the banks of the 
stream running through Cidade Velha. They were deposited there through the action of recurring 
flood waters, which implies the existence of a building, or buildings, with tiles upstream [9]. 
The third site, the Ethnographic Museum, is located in a 19th-century manor house in the Plateau, 
which is one of the quarters of Praia. This general area has been inhabited since the late 15th 
century and gained notoriety over time, as it came to house the governor’s palace (now the 
President’s official residence). This building in particular was refurbished to accommodate the 
museum in 1997 and again in 2006. As a result, a display case at the entry hall was put up with 
some artefacts recovered during these works. One such artefact is a 17th-century pattern tile sherd, 
which indicates that either the building is older than what historiography would have, or it was 
built over a previously inhabited area. The history of Praia is well known, but no archaeological 
excavation has ever been carried out in the Plateau, despite the recent renovation of several 
buildings [10]. 
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The excavated sites with 17th-century tiles, listed above, and their results will be briefly discussed 
in order to create a comprehensive panorama. At this point it is important to stress that the 
archaeological materials from some of the sites are still missing, although they are still sought 
after. 

Nossa Senhora do Rosário Church 
The Rosário Church, located at the end of Banana Street, was erected in 1495. It was never 
excavated, but underwent important conservation works in the 1960’s, under the leadership of 
architect Luís Benavente. It is true that the church was in great need of repairs in several places, 
including the gothic chapel, the roof and the churchyard. The conservation project was not carried 
out entirely, perhaps due to lack of funding [11]. 
Through contemporary reports and photographs we can see that the church walls were completely 
covered by tiles. Nevertheless, the architect claimed that a great amount of tiles was missing from 
the walls and that the “panels were incomplete”. To fill in the blanks, 14 375 new replica tiles 
were commissioned to Fábrica Sant’Anna, in Lisbon, made to look exactly like the 17th-century 
pattern tiles placed in the church. This work comprised the removal of the entire tile coverage 
and its replacement by the replicas. It received two major criticisms, which seem very appropriate. 
First, the new tiles only cover around 1.5 m in height and therefore contrast sharply with the 
previous arrangement). Second, the pattern itself is awkwardly placed. It is a 6x6 pattern, P-604 
(according to the typology created by Santos Simões), but only three of the tile models were 
applied, creating a strange combination of 2x2 independent compositions. 
 

 
Figure 1: The replica tiles in Rosário Church (photograph by the author). 

There was another smaller intervention in the church in the early 2000’s, by the Spanish team 
that also worked in the São Filipe Fortress, and the São Francisco Church and Convent, but it 
focused mainly on the concrete floors and ceiling. No further work was done to the existing tiles 
[11]. 
The works conducted at the church more recently have uncovered original tile framing elements, 
C-1 and F-13, in side ground niches running along the outer walls. All of the patterns are very 
common, with numerous parallels in both Portugal and Cabo Verde.  
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A new conservation and restoration campaign is being prepared by the IPC [12], mainly to tackle 
issues tied to water-related damage to the ceiling, walls and floor. This includes removing part, 
if not all, of the replicas still in place, as many have fallen off due to the absorption of moisture 
through the soil (a common affliction of tiles) [13]. Furthermore, cement was used freely on the 
walls and floor of the church and it is rapidly eroding and damaging the structure.  
In light of these future works and the need of more tiles to cover the walls, the IPC felt the need 
to search for the old original tiles removed by Benavente and the replicas which were not applied. 
Indeed, these were stored together in a compartment constructed for that purpose in the bell tower, 
and I had the opportunity to roughly assess them. In the future, they will be studied in depth, as 
part of the research for my doctoral dissertation.  
There were two surprises in this collection. One was the presence of the P-604 replica models 
absent from the inside of the church, which reinforces the idea that the workers that did the 
replacement were unfamiliar with this type of tiles. The other was the existence of Mudéjar tiles, 
in smaller quantity, but nevertheless there, attesting an older, unknown tile covering of the church. 
Although Benavente mentioned the word “panel” in his report, no tiles matching 17th-century 
figurative tile compositions were found in the stored assemblage until now. He might be just 
alluding to the pattern tiles as a whole, but we might have to consider theft as a possibility, 
sometime after their storage, as happened in another case, which will be discussed later on. 

Nossa Senhora da Conceição Church 
This church was completely buried prior to the archaeological excavations. It is located 
approximately halfway between Nossa Senhora do Rosário and São Francisco, in a flood bed. As 
far as our historical knowledge on the urbanization of Ribeira Grande is concerned, this church 
was the first to be built in Cabo Verde, somewhere between 1466 and 1470, having been 
abandoned in the 18th century [14]. 
Excavations started in 2006, with a partnership between Cambridge University, the British 
Museum, the Ministry of Culture of the Republic of Cabo Verde, and University Jean Piaget of 
Cabo Verde, under the scientific supervision of Chris Evans and Marie Louise Sørensen [15]. 
There were four archaeological campaigns, in 2006, 2007, 2014 and 2015, where the entire plan 
of the church was unearthed, along with a vast amount of materials. In all campaigns, the most 
numerous type of artefacts was, undoubtedly, Portuguese tiles. There are also some 16th-century 
Mudéjar arista tiles, in a far lesser number than the majolica tiles. 
The materials from the first two campaigns were recently moved from a warehouse in the 
University Jean Piaget to the Archaeology Museum of Praia, and I have not yet had the 
opportunity to examine them. Differently, the materials of the two later campaigns are stored in 
the Cidade Velha Cabinet. 
During the 2006 excavation season 976 17th-century pattern tiles were recovered, although we 
cannot be certain of the proportion between patterns and frame elements. The photographs 
included in the report present three different patterns showing the classical combination of 
pattern, frieze and frame: P-604, F-30, C-92 [1, 15]. 
In 2007, 1548 17th-century pattern tiles were retrieved, which feature the same patterns along 
with C-1, F-10 and F-14 [1]. Some were still in situ. A very interesting tile fragment shows the 
head and chest of a human figure. [9] It is hard to tell who is represented here, or even if it is a 
male or female character. The best contenders seem to be Saint Michael the Archangel, as the 
character’s blue outfit could be a military uniform, and the Virgin Mary – one of the few female 
characters depicted in this period –, due to the falling blonde hair. In any event, we can safely say 
that it belonged to a 17th-century figurative composition, 
very popular in churches, which broke the monotonous  
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rhythm of patterns and had a religious theme [16]. The fragment is particularly important because 
it informs us that Cabo Verde also received figurative tiles during the 17th century, even if very 
few fragments are recovered in excavations. It might also be a suggestion of purposeful removal 
of compositions deemed more important and valuable (theft), after the Nossa Senhora da 
Conceição Church had been abandoned.  
 

  

Figure 2: Tile fragment from the 2007 campaign 
[9]. 

Figure 3: Tile with human torso from the 2015 
campaign (photograph by the author). 

From the 2014 campaign, 1442 out of 1450 tiles unearthed date from the 17th century. There are 
a few 16th-century arista tiles, as well as 18th century tiles belonging to figurative compositions, 
attesting the continuous use of tiles in the church decoration until that date. As for pattern tiles, 
this assemblage comprises all the previous recorded patterns and six new additions, which 
probably are also represented among the materials from previous campaigns. They are P-3, P-43 
(although with some variations to the design proposed by Santos Simões), F-3, F-13, C-1, and C-
71 [1]. All are very common in Portugal and in the Portuguese Atlantic islands [17]. There is one 
interesting addition, namely a type of corner frame designed to be used beside a figurative 
composition. This furthers what we have been saying about the existence of figurative tiles in 
churches.  
The excavation season of 2015 yielded a total of 2091 tiles, of which 1988 dated to the 17th 
century. Much like in the previous campaigns, there were some tiles with other dates and no new 
patterns were recognised. Four specimens are not pattern tiles, but rather part of figurative 
compositions. One is a corner frame, similar to the one found in the 2014 campaign.  
Two others share some characteristics with the 2007 sherd. They depict part of the Virgin Mary’s 
hair and have a good parallel in the panel depicting Our Lady of Conception displayed at the 
Portuguese National Tile Museum [18], or part of the goat skin worn by Saint John the Baptist, 
with a parallel in another panel from the same museum [18]. Both are recurrent themes in 17th 
century Portuguese tiles. Although they apparently depict the same motif, the two sherds probably 
belong to two separate panels given the differences in colour scheme and brushstrokes. In fact, 
the second sherd might belong to the same panel as the fragment from the 2007 excavations.  
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The fourth tile shows what is probably an arm and part of the torso of a man wearing a monk’s 
robe in blue, and a phytomorphic image in yellow. It may be a highly stylised depiction of Saint 
Anthony of Lisbon, which is a very common theme in Portuguese tiles. The saint is often 
portrayed holding a branch of white lilies, which could be the case here as well. 
Overall, the site of Nossa Senhora da Conceição Church offered a total of 5954 17th-century tiles, 
which comprises 113,126 m2. This number indicates that the building would have been covered 
in tiles from floor to ceiling. The large amount of tiles found in this church clearly underscores 
the potential for tile retrieval at historical buildings in Cidade Velha, if more systematic 
archaeological excavations were to be undertaken. 

Cathedral of Ribeira Grande 
The cathedral was the most important religious building in Santiago for a long time. Ribeira 
Grande became the head of a new diocese in 1533, which also comprised a wide geographical 
area in continental Africa [19]. The construction of the cathedral began in 1556 and officially 
ended in 1701, with long hiatuses and bursts of construction. The first halt was after the death of 
bishop Francisco da Cruz in 1571, and the second lasted from 1592 to 1603. These setbacks were 
due to economic difficulties, the disinterest of local authorities and the disproportionate large size 
of the cathedral itself. In 1712 the French pirate Cassard attacked Ribeira Grande and looted the 
cathedral, but apparently did no harm to the structure. Documents from 1738 state that it would 
be in serious need of repairs, which did not happen due to lack of funding. We know of renovation 
works taking place in 1745, but according to coeval documentation only the floors and the roof 
were renovated. In 1754 the diocese head was changed to Santo Antão, and Ribeira Grande was 
left half abandoned. However, its 1819 inventory report, the cathedral was open to cult and 
appeared to be in good shape. In 1838 there was a proposal to demolish the building and use its 
stones to build a new cathedral in Mindelo, in São Vicente. This plan was brought up again in 
1875 and, in fact, in 1922 the local government issued a norm to halt the removal of stones by 
the inhabitants of Ribeira Grande [20]. 
 

 

Figure 4: C-84/F-39 pattern (photograph by the author). 
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Three archaeological campaigns took place in the cathedral under the coordination of the 
Portuguese archaeologist Clementino Amaro, in 1989/90, 1991 and 1993. Excavations focused 
on the main altar, sacristy, transept, and also some deeper trenches to assess the foundations of 
the walls. The foundations of an earlier structure were discovered, which the Amaro believes to 
be the remains of a chapel dedicated to Saint Sebastian, dating from the first decades of the 16th 
century, and relates it with the large amount of Mudéjar tiles retrieved [21]. 
The 17th-century tiles from this campaign are 26 out of 212, with four different discernible 
patterns: P-604, F-10, B-40 [1] and a frame which combines the characteristics of F-39 in blue 
and C-84. The latter finds an exact parallel in a chapel in the former Charnais Convent in Alenquer 
(Portugal), framing a composition of single figure tiles from approximately 1700. [8] For clarity 
in the text, it will hereafter be referred to as C-84/F-39. 
The 1991 campaign focused mostly on the preservation of the structures found in the previous 
mission, and the consolidation of the cathedral walls still standing. Only to a lesser extent was 
archaeological excavation involved [22]. There is a container in the Archaeology Museum of 
Praia with tiles from this campaign, specifically from a side chapel. It shows mostly 18th-century 
specimens, but there are also other types. The 17th-century tiles are only 16 out of a total amount 
of 145 specimens, and the only types attested are B-40 and C-84/F-39. It is highly unlikely that 
these are the only materials from this campaign, but they are the only located thus far. 
The same is true of the 1993 campaign, of which I have only found three Mudéjar tiles. The 
information on this excavation season is also scarce. 
As regards the 1999 campaign, as was mentioned earlier, the materials were lost for a period and 
resurfaced recently. Unfortunately, it is very probable that the tiles and other materials found do 
not correspond to the real amount unearthed during the excavation, and the report does not present 
the counting of the materials. There was a plan by the same team to study the materials from this 
campaign and those of 2000, but it was not carried out, probably due to lack of funding. The 
excavation was preceded by a topographic survey of the site by Martin Hock and Rui Fernandes 
of the University of Beira Interior (Portugal) [23]. It was part of a broader conservation project 
carried out by the architect Alexandre Mimoso, which took place in 2000 [20]. As for the 
excavation itself, it focused on the naves and churchyard, which are areas that had not been 
excavated before. There was also an emphasis on the area where the older structure appears, 
which this campaign proved to be indeed the Saint Sebastian Chapel. The monumental staircase 
seen in the historical paintings of the cathedral was also found [24]. 
The tile count for this excavation includes 251 specimens from the 17th century. We were able to 
recognize five different patterns: P-203, P-312, P-604, C-84/F-39, B-40 [1]. The P-312 tiles show 
a different colour scheme from the one recorded by Santos Simões, with the addition of green. 
The last excavation campaign in the cathedral took place in 2003, under the supervision of 
Portuguese archaeologist Maria Antónia Amaral, but not much information has been conveyed. 
Some materials have recently been surrendered to the Archaeology Museum of Praia. Of these 
there are 14 tiles, seven of which are from the 17th century, showing only the pattern P-604. 
The total number of tiles from the cathedral inventoried up until now is 716, of which 300 are 
from the 17th century (approximately half of the full amount), and six different patterns were 
discerned. If we take into account the size of the cathedral, and compare the amount of tiles 
retrieved from the Nossa Senhora da Conceição Church, both the amount of tiles and the number 
of different patterns seem actually too low, unless we assume that only some smaller areas of the 
cathedral were covered with tiles. 
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Nossa Senhora da Luz Church, Alcatrazes  
Nossa Senhora da Luz Church is the only site treated in this paper that is outside Ribeira Grande. 
It stands in what formerly was the settlement of Alcatrazes, the first head of Santiago’s northern 
captaincy, created right after the colonization of the island. It is located in an area with low aptness 
for agriculture and even for commerce, since the harbour does not provide favourable conditions. 
Around 1516 the status of captaincy capital is transferred to Praia and the village of Alcatrazes 
steadily declines into historical oblivion [25]. As for the church itself, the chronology of its 
construction is uncertain. Documents mention the creation of the parish of the same name in 1572, 
but it is very likely that the church predates it and archaeological data supports this notion [26]. 
There was a small survey in 2003 with the retrieval of some materials. This was probably carried 
out by the same team which was excavating the cathedral of Ribeira Grande in the same year. In 
total, 40 tiles were collected, 38 of which date from the 17th century (the other two are 16th-century 
Mudéjar tiles), and four different patterns were recognised: P-110, P-604, F-13 and C-1 [1]. 
Pattern P-110 deserves special mention. It belongs to a family of patterns fairly common in 
Portugal, which exhibit a corncob as their main feature and represent a stylization and adaptation 
of Asian textile designs. 
A proper excavation campaign took place in the church in 2011 and was conducted by the same 
team from Cambridge University that excavated the Nossa Senhora da Conceição Church, in 
Ribeira Grande. This campaign sought to discern the chronology and evolution of the building 
itself, and to define the nature and extent of funerary activity at the site [26]. 
Another excavation was conducted by the same team in Alcatrazes the following year, in order 
to locate the settlement. A number of surveys and trenches were made at several sites. One of 
them, the chapel of Santana, located west of Nossa Senhora da Luz church, revealed 17th-century 
tiles [27]. 
Unfortunately, this is one of the cases where the archaeological materials from both campaigns 
are missing, so all the information we have comes from the field reports. They do not mention 
any figures, but state that a substantial number of tiles was found. Some were 16th-century 
Mudéjar tiles, but the majority were 17th-century pattern tiles, with patterns, friezes and frames. 
The church would have the traditional arrangement. As for the designs, the patterns had ‘stylised 
blue and yellow foliate designs” [26]. This is a somewhat vague description, as most patterns 
present some form of foliage, but it nevertheless provides some chronological clues, since blue 
and yellow were used from approximately 1635 up to 1675.  
This chronology contrasts somewhat with what history claims: that the settlement was completely 
abandoned in the first decades of the 16th century. In fact, the 2011 excavation proved that the 
church site had a “long lived archaeological and architectural sequence” [26]. 

São Francisco Convent 
The construction of the São Francisco Convent and Church began in 1657 and the date of its 
conclusion is unknown [7]. Documents state that approximately twenty years later it was in 
serious need of repair works and this motivated a renovation campaign. The building was 
occupied until the dissolution of the monasteries in Portugal in 1834, and after that date the 
convent was used as farmland [28]. 
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Figure 5: Drawing of the main tile patterns from São Francisco Convent [28]. 

Unfortunately, this another case in which the archaeological materials are missing, so reports and 
publications represent our sole sources of information. 
A Spanish team excavated approximately one third of the site in 2001 and published their results. 
A substantial number of Portuguese tiles was found. Unfortunately, these were stolen shortly after 
being unearthed. The team was able to do a drawing of the main patterns, which we also present 
here [28]. It features the classical scheme of pattern-frieze-frame, but it raises several questions. 
The main pattern does not find a match in the bibliography [29], but it is safe to say that it belongs 
to the camellia family. Moreover, it apparently represents a 2x2 scheme, although the area 
occupied by the flower itself is only found in 4x4 compositions such as P-472. All camellia 
patterns have a third corner element which is not seen here, and it is not likely that the classical 
scheme would lack it. Furthermore, we do not know what the colour scheme was, which is one 
of the main diagnostic criteria for chronological attribution. The frieze is a variation of F-15, 
which is also found at other sites and well documented. The frame does not correspond to any 
pattern present in the bibliography, either because it is truly original or because the drawing is 
not accurate, given the team only had a limited time to see it and it was largely drawn from 
memory. The closest pattern is C-3, which is itself fairly uncommon but belongs to a popular 
family of stylised acanthus leaves [1]. 
A small survey was carried out by the Portuguese archaeologist Clementino Amaro in 1990, and 
the resulting materials are now deposited in the Archaeology Museum of Praia. The survey 
yielded three small 17th-century pattern tile fragments, which seem to correspond to the three 
patterns drawn by the Spanish team. One has a green leaf compatible with P-472; the second 
shows a manganese lace frieze; and the last features a design with blue on white and a hint of 
yellow, which matches the drawing. 
Another campaign of excavations took place in 2004, under the responsibility of the IPC. The 
report does not provide information on the quantities or types of tiles retrieved, so all the data we 
have concerning 17th-century specimens is a black and white photograph showing four tiles with 
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different motifs [30]. They belong to the P-312, P-604, C-1 and C-92 patterns [1], which do not 
match any of the ones presented by the Spanish team.  

Misericórdia Church 
The Mercy Church was built in 1556, but the hospital would have already been operating since 
at least 1495 [31], and its brotherhood enjoyed special privileges. [32] The hospital continued 
working well after the period of decadence of Ribeira Grande, and the church replaced the 
cathedral after its decline [33]. All that stands today of this complex is the bell tower. 
The site was excavated neither in depth nor systematically, but rather underwent a “supervised 
rubble clearance” in order to evaluate the possibility of reconstruction, in 2006. Despite these 
circumstances, some materials were retrieved, mainly pottery dating from the 17th and 18th 
centuries. In this site three out of 12 tiles are 17th-century patterns, while the others are 16th-
century Mudéjar pieces. The report goes on to say that these are particularly not very fragmented 
and were not of the same type as those recovered in the same year from Nossa Senhora da 
Conceição Church [15]. Unfortunately, the same document does not include photographs or 
counts of these tiles. However, in all likelihood they were stored together with the materials from 
the 2006 campaign from Nossa Senhora da Conceição Church and I hope to examine them in the 
near future. 

Tiles of unknown provenance 
As mentioned above, a substantial number of archaeological materials of different provenances 
has recently resurfaced. Unfortunately, most of them are not tagged, which makes it extremely 
difficult to determine their find place. In any case, it is unlikely that the materials came from the 
cathedral excavations, as each campaign had its own tagging system and the reports suggest that 
all materials were tagged individually.  
This assemblage comprises 161 tiles from the 17th century, with 14 different patterns: P-112 
(some with a manganese outline), P-203, P-312 (with the addition of green, which is not 
referenced in the typology, P-385, P-604, F-13, F-14 (with the introduction of a manganese 
outline), F-17 (with chromatic alterations, only blue on white), C-1, C-2, C-69, C-71, C-92, B-40 
[1]. So, in this assemblage we find patterns from the camellia and corncob families. 

SOME CONCLUSIONS 
In total, we were able to inventory 5954 tiles from seven different sites dating to the 17th-century, 
and exhibiting 18 different catalogued patterns. So far there are no patterns exclusive to Cabo 
Verde. All specimens catalogued thus far have parallels in Portugal and some are, in fact, very 
common. This indicates that there was not a specific production of tiles for use outside Portugal, 
which likely translates an effort at uniformity among the colonies, where European settlers 
struggled to maintain a European lifestyle [34]. 
There appears to be, however, a difference in distribution of patterns throughout the sites. The 
most common patterns, such as P-604 and F-13, are found everywhere, but most specific themes 
and decoration families seem to be found at only one site. Camellia designs occur only at the São 
Francisco Convent, corncobs at Alcatrazes, figurative compositions at Nossa Senhora da 
Conceição (although other factors might account for their absence, as mentioned above), and 
three designs (P-312, B-40 and C-84/F-39) that only occur at the cathedral. This perhaps indicates 
an attempt to lend an original character to each building, possibly responding to the desire of the 
brotherhoods, priests or the local communities.  
On a purely speculative level, and given what was proposed above, it is possible that the untagged 
tiles of unknown provenance may be distributed accordingly. Thus, for example, the tiles showing 
camellia magnolia patterns may have been placed originally in the São Francisco Convent, and 
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pattern P-312, with its unique addition of green, may come from the cathedral. Of course, for the 
most common patterns appearing at all sites this exercise is all but fruitless.  
It is noteworthy that all buildings dealt with here are religious. The Church was, alongside the 
Crown, one of the few institutions powerful and wealthy enough to pay for the beautification of 
buildings. Yet it should be emphasised again that this may not constitute a reliable picture of tile 
consumption, as manor houses and non-religious buildings have not been extensively 
investigated. 
The overall quality of the tiles is standard when compared to what can be seen in Portuguese 
contexts. We find the usual glaze blisters, trivet and sagger pin marks, and few examples of over-
firing, in typical proportions. There is nothing to suggest the purposeful consumption, or 
purposeful sale, of low quality tiles, as it might be expected, since that is what the Portuguese 
faience evidence suggests [35] This fact implies strongly that there was no specific tile production 
to be taken overseas. So far, we have not recognised special commissions, as seems to be the case 
in Madeira and Azores [36]. And the patterns recognised in Cabo Verde are almost all very 
common, “best sellers” as it were, perhaps reflecting a conservative taste on the part of the 
islanders or, differently, that the entities responsible for taking the tiles to the archipelago were 
not willing to take risks. These are mere suppositions due to our lack of understanding of how 
this commerce really happened: did the residents of Cabo Verde commission tiles they 
“remembered”, or did they merely order pattern tiles without being afforded the possibility of 
choosing particular designs. 
There is also the question whether there was a time lag in the application of patterns between 
Portugal and its colonies. It is particularly difficult to clarify this issue since each of the four 
decorative periods lasts for approximately twenty years. Interestingly, there are yet no designs 
from the first period (ca. 1600-1630), characterised by geometric caixilho compositions and 
simpler designs. Most patterns found in Cabo Verde fall within the second period (ca. 1630-
1650), which sees a rise in creativity, with the corncob and camellia family of patterns (both of 
which we have been found on the island). The following period (ca. 1650-1680) sees a smaller 
number of patterns in Cabo Verde, possibly due to economic contraction, the decline in 
construction and the features of the tiles in this period itself, which sees new intricate and larger 
patterns, often with manganese, and altar fronts. Thus far, the fourth and last period (ca. 1680-
1710) seems to be restricted to the cathedral, with blue and white only designs as a result of Dutch 
and Chinese influences [1, 8, 37]. 
As regards provenance, all tiles seem to come from Lisbon, as they share the characteristics of 
that production centre. In fact, Lisbon was the largest producer of Portuguese tiles and faience, 
which were fired in the kilns and, most likely, made at the same workshops [38]. Interestingly, 
this is also true of the other Atlantic islands (Azores and Madeira) and Brazil [39]. 
Unlike the Atlantic islands, Brazil does not have 16th-century Mudéjar tiles, and unlike Brazil, 
Cabo Verde has no known geometric enxaquetado compositions. Another parallel in tile usage 
lies in the fact that 17th-century figurative tile compositions are extremely rare in both Brazil and 
Cabo Verde [39]. 
The pattern tiles that decorated the walls of churches worked as a “visual mantra” of sorts, as 
their apparent monotony and interconnections, which conveyed a sense of infinity, accompanied 
by repetitive prayers, helped the worshipers reach a state of mind that favoured the contact with 
the divine. 
Moreover, in a more practical sense, the tile wall coverage makes buildings cooler, which would 
certainly be a great advantage for places where a large number of people would be gathered under 
a tropical climate. In addition, tiles where considerably cheaper and lower to maintain than other 
wall decorations [40]. 
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The tiles presented here are part of a larger study on the Portuguese tiles found in Cabo Verde. I 
have already alluded to the fact that there are tiles from other periods in the archipelago, between 
the 16th and 18th centuries, which will, of course, be included in such study. Only by gathering all 
that data can we achieve a realistic panorama of tile coverage in Cabo Verde throughout the 
centuries. To complement the information conveyed by the analysis of the tiles, and taking into 
account the problem with fragments of unknown provenance, that upcoming study will also 
include other types of material found alongside the tiles in the same archaeological excavations. 
The context of tile use will thus gain economic and anthropologic undertones, necessary to paint 
a picture of the Cape-Verdean society, with tiles as a primary source of evidence. 
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SUMMARY:  In the Vila Viçosa Palace, in the southern Portuguese province of Alentejo, lie the 
still impressive remains of what was the most extensive commission of azulejos produced in 
Antwerp for Portugal. In an inventory made in 1563 after the death of the 5th Duke of Braganza 
D. Teodósio, it was documented that no less than 3,658 azulejos commissioned to Antwerp had 
been delivered up to that year. Until recently there was no known parallel between the pieces 
commissioned to Antwerp for the Palace of Vila Viçosa and other commissions for Portugal. At 
an excavation in Lisbon, in the area of the Escolas Gerais five azulejos and two fragments, also 
of Flemish production, were found in what is thought to be a rubbish tip because they were part 
of the frame of a panel of which nothing more was found. Other excavations in Lisbon, namely 
near Casa dos Bicos, Largo do Corpo Santo, Largo do Carmo, Palácio dos Condes de Penafiel 
and the grounds of the former Igreja de Santo André in Graça produced more fragments of 16th 
century azulejos of varying provenance giving us a glimpse of an unexpected wealth of types and 
decorations used in the Lisbon of the 2nd half of the 16th century at a time when a local production 
of faience azulejos was just starting. Now other pieces are now appearing in different 
archaeological contexts giving testimony of a discrete but nevertheless clear trend that needs to 
be acknowledged. The presence of these remains points to the spread of an appreciation for 
faience tiles and may well be evidence of the foundation for the Portuguese taste for azulejos that 
has lasted to this day. This communication reviews some of the findings supported by scanning 
electron microscopy observations and analysis which have tried to integrate some of these cases 
into known provenances or types.  
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KEY-WORDS: Renaissance majolica; Faience tiles from Antwerp; Use of instrumental means in 
the study of majolica 
 
 

INTRODUCTION 
For many years when there was a reference to the presence of Flemish 16th century azulejos in 
Portugal the what immediately came to mind were those commissioned by the 5th Duke of 
Braganza, D. Teodósio (c.1510-1563) for his splendid Palace of Vila Viçosa, in the southern 
province of Alentejo. This Medici-like prince placed an order from Antwerp of what was at the 
time a prodigious amount of faience azulejos, probably related to the fact that he was preparing 
the celebration of his marriage in 1559 with Beatriz of Lencastre. We now have a very clear image 
of this prince and his palace following an important research project funded by FCT (the 
Portuguese Foundation for Science and Technology), of the inventory of his possessions that was 
made after his death [1]. Regarding the azulejos we know their number: 3.658, of which ca. 900 
still exist today. A study conducted in 2012 enabled us to better understand the motives and 
intentions reflected in these different sets of panels [2].  
Regarding the commencement of the production of faience azulejos in Lisbon, what interests us 
the most is the date when these Antwerp products arrived in Portugal. The presence of the date 
“1558”, in two azulejos belonging to different sets is an interesting element because at that time 
the Flemish artists working in Spain were painting azulejo panels in the same style. These include 
Frans Andries in the Cathedral of Toledo (1558) and Hans Floris in the Church of Garrovillas 
(1559), not far from the Portuguese border. We also know that around 1554 a then 18-year old 
Flemish man named Hans Goos, known in Portugal as João de Góis, had arrived in Lisbon and 
six years later would be known as a “oleiro de málaga e azulejos” (potter of faience and azulejos) 
or “potter of azulejos” [3].  
An interesting fact about the azulejo commission of D. Teodósio is the fact that, although it was 
very well connected with the European renaissance style of its time, it was disconnected from the 
continued Lisbon taste for Hispano-Moresque azulejos that had been in fashion in Portugal since 
they were introduced from Seville in the late 15th century. Until recently it was thought that there 
some production of faience azulejos in Lisbon by the late 1560s and during the following decade 
and only scarce examples of what have presumed to be Flemish patterned pieces, which are 
mainly attributed to the last quarter of the 16th century. However, recent archaeological 
excavations in Lisbon seem to give a different picture. In 2012, while excavating in a Lisbon area 
called “Escolas Gerais”, three archaeologists (Inês Castanheira, Inês Ribeiro and Raquel 
Policarpo) uncovered five azulejos and two fragments of an exceptional panel of Flemish origin 
[4]. The excavated site was thought to be a rubbish tip and not the original placement site of the 
pieces preventing any association of the tiles to a specific building. However, it is an area of 
special significance because this was the quarter of the ancient university centre of Lisbon, which 
was established in buildings originally made available by none other than Prince Henry (Infante 
D.Henrique, also known as The Navigator). This explains the name Escolas Gerais, an ancient 
designation for universities where many subjects were taught. The University was moved to 
Coimbra in 1537 after which the area was continually renovated at a time when the aesthetics of 
the Renaissance would have been suited to faience azulejos panels made in Flanders. The 
elements that have been discovered show the motifs painted against an orange background which 
seems to be an unusual choice for Flanders tiles [5] although we also see this in the surviving 
panels ordered for Vila Viçosa.  
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In the tiles found in the Escolas Gerais area we see garlands of vegetation and fruits with birds 
and a snake composing part of what may have been an encircling decoration. Also two putti 
playing flutes, where the lower side of the bodies end in acanthus leaves. Two azulejos represent 
a fantastic bird surmounting what seems to be a frame of probably a heraldic motif that 
unfortunately was not preserved (figure 1). All the pieces belonged to the same panel and due to 
the positioning numbers on their backs we know that they were composed by 60 azulejos. Until 
now the azulejos in the Vila Viçosa Palace were considered, even by local standards, to be 
amongst the three most important works painted in the workshops of Antwerp. However, the 
group uncovered at Escolas Gerais is also of exceptional quality, arguably even surpassing those 
commissioned by D. Teodósio seen in the way the painting shows a remarkable mastery in the 
use of colour and the definition of volume and light. Contrary to the Vila Viçosa ensemble, this 
seems to have been a single panel, probably depicting the coat of arms of the purchaser at its 
centre, or some other motif that illustrated a specific purpose. 
 

 

 

 

Figure 1a, b, c, d, e, f, g (clockwise left to right): Azulejos and fragments found during an 
archaeological excavation in Lisbon, in the area of the old Escolas Gerais. 

Since 2016, excavations in four other sites uncovered more testimonies of the presence of faience 
azulejos of undetermined origin in Lisbon datable to the second half of the 16th century. One 
excavation, under the responsibility of archaeologist António Valongo, was in the so-called area 
of Largo do Corpo Santo, near the Arsenal da Marinha in Lisbon, once on the bank of the river, 
from which it is now separated by an embankment, not far from the Royal Palace destroyed by 
the earthquake of 1755. The findings, once again in the context of a wastetip, stem from an area 
where, in the 16th century, the most remarkable building was the celebrated palace of the Corte-
Real family, built in 1585. At that time in this area there was also a small chapel dedicated to 
Nossa Senhora da Graça which has today disappeared. Being found in a disposal context, it is 
difficult to pinpoint which building the azulejo finds belonged to, or even whether they all 
originate from the same place. 
Among an impressive array of Italian and Spanish ceramics from the 16th century the 
archaeologists uncovered several groups of Hispano-Moresque azulejos some of which were only 
previously known from the Royal Palace of Sintra (figure 2a) and believed to have been a 
commission expressly made to be applied there. Among other unusual, and in some cases almost 
unique, pieces there were three fragments of faience azulejos that, although they could be 
associated to a Flemish origin, may have been produced in Seville or Lisbon (figure 2b, c, d).   
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Figure 2a, b, c, d (left to right): Azulejo fragments found during an archaeological excavation 
in the area of Largo do Corpo Santo in Lisbon. 2a) fragment of a so-called “Parra” tile 

known to have being commissioned for the Palace of Sintra; 2b) fragment of a patterned 
azulejo, ca.1560s (?); 2c) fragment of the frame for a panel and 2d) fragment of the framing 

of an ornamental or heraldic motive (1560s to 1580s?) 

One of the pieces (figure 2b) is a fragment of a patterned azulejo that depicted an elaborate 
composition in blue over the white background of a stylized arabesque surmounting a cross. 
These motives in blue are related to the compositions that could be seen in embroidery and lace 
and were popular in Italy (where they seemingly originated) Flanders and Spain. The second 
fragment (figure 2c) is related to a frame, which in Portugal we call a “cercadura”, its width 
spanning a single azulejo. This kind of motif has been classified by some authors as being of 
Moresque taste, reflecting the famed Moorish metalwork. The last fragment may have been part 
of a composition that framed an ornamental or heraldic motif, hinted by the round element in 
orange of which a part is discernible and that was commonly used in the composition of portraits 
or other important decorative elements. From the set found in this excavation this one, albeit 
rather naively painted, is undoubtedly the most exquisite in terms of the quality of the pigments 
and the composition depicted, creating a subtle but effective alignment of decorative elements 
suitable to frame an important central component.  
The third site in Lisbon, on an embankment, was excavated by a group whose leading 
archaeologist was Claudia Manso. It was again near the river but this time on the other side of 
the grounds at Campo das Cebolas where the Royal Palace once stood. Among an astonishing 
collection of Italian maiolica and Spanish pieces of this period, an important set of azulejos was 
found, some of them being very unusual (figure 3). Once again, a fragment was found of a type 
of Hispano-Moresque azulejo only previously known to have been commissioned for the Royal 
Palace of Sintra, although it had a different aesthetic than the one that appeared in the previously 
mentioned excavation. Another azulejo found there, was an example of an early piece of faience 
azulejo, this one being what in Portugal is called a “friso”, a frame whose width is that of half an 
azulejo or less. Depicting a “laçaria” motive or a twist string related with the Moresque aesthetic, 
it is of a rather different composition from what usually is associated with Flemish workshops 
which rooted their designs solely on the renaissance taste. Despite being less perfect in terms of 
the quality of the drawing, the design is nevertheless difficult to render in the faience technique 
and the colours are vibrant and attractive.  
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Figure 3 a, b, c (left to right): Azulejo fragments found during an archaeological excavation 
in the grounds of the area of Campo das Cebolas in Lisbon. 3a) a fragment of a cuerda seca 
Hispano-Moresque tile with a pattern called “pé de galo” known previously only from the 

Palace of Sintra; 3 b) fragment of a faience laçaria narrow frame for a panel, ca.1560-1580; 
3 c) floral painting on an azulejo remarkable for the reddish biscuit, a colour often seen in 

the earliest faience azulejos produced in Lisbon. 

The area where the pieces were found is of significance. Near this area stands to this day the 
famous Casa dos Bicos ou Casa dos Diamantes (“House of Beaks” or “House of Diamonds”) an 
Italian-like building that was erected by Brás de Albuquerque, son of Afonso de Albuquerque, 
the Viceroy who laid the foundations of the Portuguese “India State”. This is an interesting aspect 
because the same Brás de Albuquerque was responsible for the Quinta da Bacalhoa, in Azeitão, 
a place that is related to very early faience azulejos attributed to the Lisbon workshops [6]. When 
the remains of his father were brought back from India, they were laid to rest in a mausoleum in 
the main chapel of Igreja da Graça, in Lisbon [7]. In an area of that same church the azulejos 
signed by João de Góis are set, possibly the earliest tiles known from this time that we can claim 
to have been made in Lisbon in the faience technique. Although the archeological finds cannot 
be associated with Brás de Albuquerque, it is certain that he had a taste for faience tiles painted 
in the renaissance style and his name recurs in the area of the finds in 16th century Italian majolica 
and azulejos. 
Finally, on another archaeological excavation in 2018, led by archaeologist Victor Filipe at a 
building in Travessa do Açougue, where it is still possible to see the remains of the main chapel 
of the demolished Igreja de Santo André, several elements of the building were discovered. 
Amongst the finds were part of a ceramic floor and six fragments of majolica azulejos, five of 
which, seemingly from a historiated panel are illustrated in figure 4. A hypothesis is that some of 
these fragments are the remainders of a now-lost azulejo panel known to have existed in the same 
church and dated to ca. 1580 [8]. The historic significance of this find will be discussed in a 
separate paper [9].  
 

      

Figure 4a, b, c, d, e, f (left to right): Azulejo fragments found during an archaeological 
excavation in the grounds of the demolished Igreja de Santo André. 4a) to 4e) are thought to 
have been part of an azulejo panel dated ca. 1580 known to have existed in the church. 4f) 

does not depict the same blue contours and therefore may have belonged to a different panel. 
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INSTRUMENTAL MEANS  
The fragments were sampled by removing small fractions of the glaze with biscuit attached which 
were embedded in resin and polished for observation and analysis by scanning-electron 
microscopy coupled with energy-dispersive spectrometry (SEM-EDS). 
SEM-EDS observations and analyses were made at the HERCULES Laboratory in Évora using 
a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. The specimens were 
uncoated and observations were made in back-scattering mode (BSE) with air in the chamber at 
a pressure of 40Pa and at an accelerating voltage of 20.0 kV. 
The back-scattering mode relies on electrons from the incident beam that are back-scattered out 
of the specimen without losing their initial energy. Since heavy elements (those with higher 
atomic numbers in the Periodic Table) backscatter more electrons than light elements (those with 
low atomic numbers), areas with more heavy elements in their content appear brighter (or 
“whiter”) in a back-scattered image and thus give information about the composition of the 
specimen under observation. As the glaze of an azulejo has a high lead-content, its image is much 
whiter than the image of the biscuit that contains mostly low-atomic weight elements such as 
silicon, potassium, and calcium. BSE imaging is therefore and ideal technique to study the glaze 
and its inclusions as well as the interface between the glaze and the biscuit. 

INSTRUMENTAL RESULTS  

Flemish sample from the excavation at Escolas Gerais  
Tile “boy and snake tile” (figure 1b) was sampled in the off-white area and the item obtained 
identified as “Az030/A1w”. Figure 5 depicts its section after polishing, both in optical 
microscopy and as a BSE-SEM image. 

 

 

Figure 5: Item Az030/A1w sampled from an excavated 16th century Flemish tile under the 
optical microscope and the SEM in BSE mode (same scale) 
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Before the presentation of results and discussion are undertaken, we need to understand that while 
macroscopically the tile looks presentable, even as a museum item, the consequences of a long 
burial in an environment with circulation of water can seriously affect it at the microscopic scale 
and influence relevant information such as the Pb content (lead can easily be lixiviated). Although 
the style of the decoration leaves little doubt that it is of Flemish origin, there remains the question 
of whether the workshop that produced this panel is the same that produced the tiles for the Vila 
Viçosa Palace [10]. We shall try to reply to that question by comparing the excavated tile with 
item Az031/A, sampled from a fragment of a Vila Viçosa tile shown in figure 6a.  
As can be seen, the biscuit in figure 6b is of a homogeneous cream colour and the glaze in figure 
6c is clear. In the sample under study the glaze is clouded by lixiviation and/or deposition of 
acquired chemical species, often alien to the tile, that darken the biscuit and make it less suitable 
for comparison purposes.  
Figure 7 shows a SEM-BSE detail of the glaze of Az030/A1w. The top of the glaze is not perfectly 
flat because the glaze is flaking off but still its condition is acceptable. Excessive flaking of the 
surface is a direct clue that the decay has maybe advanced too far. The gas bubbles are not coated 
in the interior with a white layer- a good sign because when lixiviation attains the bubble area, 
part of the lead will deposit inside the bubbles and in BSE mode those deposits are seen as a very 
white lining. Therefore, this particular section Az030/A1w may be analysed with some 
confidence in the results. 
 

 

 

 

Figure 6 a, b, c (clockwork from left): A fragment from a 1558 Flemish tile from the 
Vila Viçosa Palace that did not suffer burial and has been preserved in good condition. 
6b) optical image of the section of a specimen sampled from the tile and identified as 

“Az031/A”. 6c) BSE image of part of this section. 

304 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 

Figure 7: Part of the section of item Az030/A1w. There is only limited flaking of the 
surface and there are glaze areas suitable for semi-quantification 

Figure 8 compares, at the same scale, the interface of Az030/A1w from the excavated tile with 
Az031/A from Vila Viçosa. This interface is important because its morphology is related with 
e.g. the duration of the firing cycle. Az030/A1w shows more interfacial crystalline growth than 
Az031/A suggesting that it may have been fired for a longer period, giving time for the growth 
of the crystals. 
 

  

Figure 8a, b: Comparison of the interface glaze/biscuit on Az030/A1w (left) with Az031/A 

We now turn to an analytical procedure (EDS) to try and compare the composition of the glazes. 
Figure 9 depicts two glaze areas of Az030/A1w that were analysed and the resulting spectra 
(taking spectra as fingerprints allows for a simple but quite effective morphological comparison 
of the results). The first spectrum identifies the relevant peaks and the second, of an area far apart, 
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is compatible with the first in relation to those elements. If the specimen was too decayed for 
analysis, the top area would be expected to return different results, e.g. much lower contents in 
lead, than the area closer to the biscuit. 
Figure 10 depicts the area and spectrum of a similar analysis on the Vila Viçosa specimen 
(Az031/A). It is clear that both tiles are quite different in a composition that may characterize the 
workshop, because the raw materials for the glaze should be acquired, prepared and mixed 
according to an in-house own recipe.  
The comparison can also be based on the results of the semi-quantification (Table 1) and it is 
clear that the tile from the excavation has more sodium in the glaze (which might actually be a 
result of the long burial) but much less aluminium and potassium while the very important ratio 
Si/Pb, which defines the temperature at which the tiles may be fired, is considerably lower for 
Az030/A1w than for Az031/A. The burial would tend to lower the content in lead and therefore 
increase the ratio, not lower it. 
This result, advanced as a working hypothesis, is consistent enough to suggest that the tiles 
excavated originated from a different workshop than those in Vila Viçosa. This is a conclusion 
of great importance to the technical history of majolica production in Antwerp that may later be 
strengthened when more instrumental results become available following further study. 
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Figure 9 a1, a2, b1, b2 (top to bottom): Two areas in the glaze of Az30/A1w 

selected for analysis and respective EDS spectra (a2, b2). 
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Figure 10: Area of the glaze of Az031/A analysed for comparison 
purposes, and resulting spectrum. 

 
Table 1: Semi-quantification of the glaze composition in areas of Az30/A1w 
(see figure 9b1) on the left side of the table and Az031/A (see figure 10)- all 

values are % wt of the elements 

Oxygen 31,12 
Sodium 1,88 

Magnesium 0,78 
Aluminium 0,87 

Silicon 18,90 
Potassium 3,30 

Calcium 3,14 
Iron 0,75 
Tin 7,42 

Lead 31,37 
Si/Pb 0.60 

 

Oxygen 32,00 
Sodium 0,92 

Magnesium 0,44 
Aluminium 1,26 

Silicon 20,42 
Potassium 5,82 

Calcium 2,88 
Iron 0,74 
Tin 9,22 

Lead 26,18 
Si/Pb 0.78 
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Faience tile from an excavation near Largo do Corpo Santo  
The tile shown in figure 2d was sampled and the items obtained identified as Az319. One of them, 
sampled from the yellow-coloured area, was identified as Az319/02 and a synopsis of the results 
will be given here. 
Figure 11 shows the section of the specimen and, from the BSE image in figure 11b, its condition 
seems better than that of the Flemish tile discussed in the previous section. However the surface 
of the glaze, which should be flat, is chipped along its whole length showing that, although not 
visible to the naked eye, the surface of the glaze is missing almost entirely (figure 12a). 
 

 

 

Figure 11a, b (top to bottom): Full section of test item Az319/02 under the optical 
microscope and the SEM in BSE mode. 

Figures 12a) and 12b) show details of the glaze under the SEM in BSE mode. The white specks 
on 12a) are particles of the yellow pigment used. 
 

  

Figure 12a, b (left to right): 12a) Surface of the glaze of specimen Az319/02. 12b) interface 
between the glaze and the biscuit. 
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Oxygen 31,14 
Sodium 1,43 

Magnesium 0,83 
Aluminium 2,32 

Silicon 19,79 
Potassium 2,35 
Calcium 1,23 

Iron 0,79 
Zinc 1,08 
Tin 0,74 

Lead 38,32 
 

 

Oxygen 18,88 
Sodium 0,43 

Magnesium 0,51 
Aluminium 0,63 

Silicon 5,84 
Calcium 1,92 

Iron 0,66 
Zinc 1,08 
Tin 5,98 

Antimony 19,06 
Lead 45,02 

 

Figure 13 a, b (top to bottom): 13 a) semi-quantitative analysis of the glaze in the section 
area bearing the grains of pigment. 13b) point semi-quantitative analysis of a yellow grain. 

A semi-quantitative analysis of a grain of the light yellow pigment was performed and compared 
to a similar analysis of the matrix glaze (figure 13- all results are %wt of the elements) showing 
that the grain has a composition where, despite its incorporation into the glaze matrix, can be 
recognized as antimony (Sb) and a higher percentage of lead, tin and calcium. This result strongly 
suggests that the pigment was not the common Pb+Sb Naples yellow but rather a triple Pb+Sb+Sn 
pigment [11, pps.180-211] to which there is always an associated calcium content. This pigment 
was also found in the Vila Viçosa tiles [10]. This in no way means that the tile is Flemish since 
the pigment was imported to Portugal, at least to Lisbon, and has been found in tiles manufactured 
here, such as the panels of Igreja da Graça (to be published). Trying to identify a match between 
this tile and tiles excavated from different sites, we compared it to the discreetly decorated 
fragment excavated from Igreja de Santo André and depicted in figure 4f. Figure 14 shows that 
there is a close match in the glazes spectra (these may be compared with the spectra in figures 9 
and 10 to see how different they are) suggesting that both fragments may indeed stem from a 
single workshop or, at least, from the same region, likely Lisbon. 
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Oxygen 31,14 
Sodium 1,43 

Magnesium 0,83 
Aluminium 2,32 

Silicon 19,79 
Potassium 2,35 
Calcium 1,23 

Iron 0,79 
Tin 0,74 

Lead 38,32 
 

 

Oxygen 33,38 
Sodium 3,13 

Magnesium 0,79 
Aluminium 3,35 

Silicon 20,35 
Potassium 3,31 
Calcium 0,85 

Iron 1,17 
Tin 3,84 

Lead 29,49 
 

Figure 14a, b (from top to bottom): Comparison of the elemental spectra of the glazes of 
Az319/02 (the present tile on top) vs. Az 331/06 (a specimen sampled from the tile fragment 

excavated from far away Igreja de Santo André and depicted in figure 4f). 

CONCLUDING REMARKS AND HOPE FOR THE FUTURE 
The present communication presents only a limited set of results of the full study that is presently 
being undertaken. Other 16th century azulejos and faience fragments are being excavated and we 
will be able to present further interesting examples in the future as a result of our cooperation 
with the essential work that archeologists are doing. Today these results are attracting more 
attention and we can see the real importance of these discoveries in the context of the initiation 
of azulejo production in Portugal, from Flemish roots to Flemish workshop-masters working in 
Lisbon [12]. 
However many excavations were carried-out in the past where the information has been lost as 
we can read in the 1872 testimony by Ribeiro Guimarães: “Mr. José Valentim (to whom we owe 
the preservation of the 16th century panel of Nossa Senhora da Vida that can be seen in the Museu 
Nacional do Azulejo) stated that at some excavations in the area of Olarias (in Lisbon) he found 
fragments of azulejos similar in production and painting, colours, etc, to those in the Chapel of 
Nossa Senhora da Vida. This incontestably demonstrates that in the 16th century the art of 
[majolica] production had already reached a level of  perfection in Portugal” (O Sr. Jose Valentim 
nos affirmou que, em umas escavações no sitio das Olarias, encontrara fragmentos de azulejos, 
eguaes na fabricação, e na pintura, cores, etc., aos da capella da Senhora da Vida. Este facto, 
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que é incontroverso, mostra que no seculo XVI, estava em Portugal mui aperfeiçoada a arte de 
oleiro) [8].  
Well, we hope that many interesting azulejos, long lost in depots and archives of excavation finds, 
can still be dug out once again from their resting places and brought to light to be identified and 
studied in order to bring a more complete understanding of this exciting period of less than three 
decades that started a course of events that lead to the flourishing art of the azulejo in Portugal. 
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SUMMARY: The work of recovering a vast collection of tiles from Quinta Nova, Torres Vedras, 
has been the subject of study and intervention of conservation and restoration in the Laboratory 
of Conservation and Restoration of the Polytechnic Institute of Tomar. The collection is very 
diversified, both in stylistic terms and chronologically, being able to find pattern tiles of the 17h 
century, figurative tiles from the first half of the 18th century, as well as pattern tiles of single 
figure and “pombalinos”. 
With the exception of a tile panel still in situ, but not in its original place, the remaining tiles were 
displaced, some in later reapplications, and the majority in boxes without any reference as to the 
place of provenance or position. 
The fact that they have been removed without any care has caused huge problems for their 
conservation, since in addition to being a large collection and in need of triage and inventorying, 
there is also a very significant group of fragments. 
So, the work developed consisted in the definition of an intervention methodology that allowed 
treating all the collection. The poor state of conservation of some of these elements has put a 
series of challenges that have led to the search for some creative solutions for its conservation. 
The methodology used was aimed at recovering the meaning as an image, although with very 
different results, both due to the state of conservation presented and the technique used. In the 
case of panels with gaps and lack of tiles was used the "hot" restoration technique. For the tiles 
without any reference and for the fragments, a different methodology was followed, preserving 
them in a creative way, by juxtaposing the various elements according to a previously defined 
design, preserving their historical-artistic value but creating new readings. These solutions are 
effective, in particular in how they conceptually address the problem of the conservation of very 
incomplete tiles, are compatible, reversible and still allow enjoying them. 
 
 
KEY-WORDS: tile, displaced heritage, creative conservation 
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INTRODUCTION 
 The House of Quinta Nova, from which all or almost all of the tiled estate is tested, is located in 
the parish of Matacães, municipality of Torres Vedras. It is classified as a property of municipal 
interest through Decree-Law no. 2/96, of Diary of the Republic no. 56, dated March 6, 1961. It 
has a long, L-shaped sober facade whose chapel shows the coat of arms of the family [1]. The 
configuration of the current building is expected to be in the last quarter of the 18th century, 
judging by the date inscribed on the facade of the chapel attached to the house, 1779. This will 
most probably be one of the last great transformations of space, year of 1777 one already has a 
reference to House of Quinta Nova, mentioned in a particular document [2]. 
Most of the tiles have been removed in the 60's during the works of remodelling of the space, 
resulting in a very careless intervention that led to the irreparable loss of several panels. 
The materials identified range from 17th-century pattern tiles, figurative panels from the first half 
of the 18th century, “Pombalino” pattern tiles, single figure tiles, to white tiles, probably kitchen 
spaces or service areas. 
Of the removed tiles, those that were in good condition, were later reused, namely the pattern 
tiles, white tiles or frame elements. Most of the bars, more composite, and the entire figurative 
tiles were stored, many of them still with large quantities of mortars on reverse to be cleaned. 
Only one of the panels was recently removed in 2011 for security reasons and for prevention of 
possible theft or vandalism, considering the state of abandonment of the site. This survey was 
carried out according to a methodology that allowed the correct identification of the tiles and their 
removal without causing significant damage [3]. 

THE TILE COLLECTION OF QUINTA NOVA 
Under a protocol between the Polytechnic Institute of Tomar (IPT) and the owner, most of the 
collection was received at the premises of the Laboratory of Conservation and Restoration 
(LCR.IPT) for future intervention. The tiles of the figurative panel raised in 2011 were the target 
of intervention during a master's degree as well as during conservation and restoration of ceramic 
materials of the degree in Conservation and Restoration. The fragmented tiles were only stored 
without any intervention. After the conclusion of the intervention of the figurative panel, the first 
work of triage the fragments were started, separating them initially by styles, decorative motifs 
and colours. 
The oldest motifs identified in the set of fragments belong to 17th century pattern tiles, essentially 
in blue and yellow and are easily identified different types of decorations [4]. 
As for the tiles of the beginning of the 18th century, we can divide into two types: 1st - the tiles 
belonging to the initial phase of the production of baroque tile begun through a group of painters 
who made the transition from the late 17th century to the early 18th century [5], painting 
decorative scenes in blue and white with double bars of vegetal elements, atlantes and angels; 2nd 
- figurative panels of the “Joanino” period, where we can identify, among others, some scenes of 
courtesan and hunting [6]. With the exception of the panel removed in 2011, quite complete, the 
remaining panels identified are very mutilated, and in some of them only a few units were 
identified. 
From the second half of the 18th century we can frame the “Pombalino” style pattern tiles and 
single figure, composed exclusively of flowers. 
It is still possible to identify some tiles from the late 18th or early 19th century, of neoclassical 
style, probably used in foothold areas or in small panels. Many fragments of white tiles have also 
been collected, certainly used in kitchen areas or other services. 
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Intervention criteria and methodology 
Considering the diversity of styles, periods and state of conservation of the tiles under study and 
intervention, an approach to the estate was adopted that allowed defining the criteria and solutions 
for each panel/set and defining the intervention methodology. It is also important to note that the 
various interventions carried out on the estate were always carried out in the context of the 
students' training, whether in class, academic internship or workshop. 
The panel, which was still in situ and was removed, dates back to the first quarter of the 18th 
century and consists of 3 mythological scenes from Perseus and Andromeda and the legend of 
Apollo and Daphne. The third smaller scene represents the dramatic episode of the relationship 
between Pyramus and Thisbe (Figure 1) [3]. The damages identified in the panel have diverse 
origins, from the manufacturing problems to the result of the anthropic action. The panel was in 
a distant area of the house, in an old garden area, near the edge of the property which motivated 
its removal for fear of theft or vandalism. The panel presented some problems such as lack of 
tiles, replaced tiles, loss of cohesion of the mortars, detachment tiles, and dense vegetation. The 
tiles also presented several manufacturing defects, structural cracks, fractures, gaps, glazing 
failures and detachment glaze, surface deposits and an intense biological colonization in the areas 
of glaze loss [7, 8]. 
 
 
 
 
 
 
 
 
 
 
The remaining set in intervention was in two different situations, determined by its state of 
conservation. It is not sure that all the collection has the same provenance, that is, of the Quinta 
Nova house, but at least most of it will have had that provenance. The whole tiles were mostly 
stored in the residence of the owner, some of them, especially the patterned ones, used in the 
decoration of the garden spaces or inside the residence. The tiles that resulted from the 
demolitions of the walls of the House of Quinta Nova and which were fragmented were relegated 
to a warehouse on another property, resulting in construction rubbish. 
This set of fragments was completely collected for the facilities of the LCR.IPT in order to the 
practice of conservation and restoration in ambit of classes. The whole tiles, essentially of a 
figurative type, bars and tiles from “albarradas” were also gathered in the same premises in order 
to establish a triage and to perceive the set in question. 
These tiles, many of them still to be cleaned, there was a need to remove the mortars from the 
reverse and through the marks of position it was possible to recognize until the moment, tiles 
belonging to 18 different panels and of different styles.  
The marks that identify these panels revealed the existence of very few pieces for most cases. 
There was only one case where the number of existing tiles was more than half the totality of the 
panel and in this case it was selected for intervention during the master’s classes in the tile 
specialty. In the case of fragmented tiles it was also possible to carry out a triage by separating 
the fragments by decorative typologies, styles or colours. From this set of fragments was also 

Figure 1: The different scenes of the panel that was still in situ. 
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carried out a methodological approach with different purposes and techniques in order to generate 
an impact and a reflection on the conservation of this type of collection. 

Figurative set "in situ" 
Afterward the survey, during the cleaning and reorganization work of the panel it was possible to 
notice that the frame that surrounds the scenes did not originally belong to the panel or at least in 
its original layout. After the identification of the marks of the reverse of the tiles, where two 
different types of markings could be read, the original one in blue and a second one, coarser, in 
red, realized in way to integrate the bar with the figurative panel facilitating its application. 
Given a set of evidence it became clear that in addition to the bar did not belong to this panel or, 
at least, was performed separately, and the replacement of the set left some tiles out, which is 
apparent from their adaptation to this new space [3]. 
The calligraphy between the tiles of the bar and the figurative panel allowed observing some 
differences that lead us to believe that they will even have different individuals to mark them. 
These differences are obvious in b, f and 8 (Figure 2). Although the 8 is very similar, one is the 
mirror of the other, being that of the two painters’ one could be right-handed and the other left-
handed. 

 
Figure 2: Examples of the different types of calligraphy in the panel. 

These characteristics that we identified in the panel about its execution and application (certainly 
not original), the state of conservation, the interest of the owner in exposing the panel in a new 
place and the reflection on the intervention methodology to be adopted led to the conservation 
and restoration of mimetic type (Figure 3). The glaze loss was punctual and only in some tiles, 
and whenever the formal continuity of the design did not allow its reconstitution, it was not forced 
reintegration. Only in very specific cases were new tiles made, following the same criterion of 
reintegration, and identified the new pieces. The panel was assembled on acrylic supports in an 
interior space, maintaining the configuration at the time of removal, and preserving the only 
known application and avoiding the filling of significant faults of tiles that were observed [7]. 
Although the character of the intervention was not only conservative, respect for the principles 
of minimum intervention was always present, namely in the chromatic reintegration of the lacuna 
areas. 
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Figure 3:  Panel after conservation and restoration with mimetic reintegration. 

Figurative panel 
The tiles of this panel were stored in one of the houses of the owner, and some fragments to this 
set were collected from the fragments in storage in the IPT. From a stylistic and technical point 
of view it fits into the tile production of the “Joanino” period, also called the “Great Production”, 
corresponding to the 2nd quarter of the 18th century. It is a motif with a central fountain and at 
least three male figures that bathe there, an aristocratic couple on the right and left two gentlemen, 
one of them playing a violin (Figure 4). 
 

 
Figure 4: Figurative panel of Quinta Nova before intervention.  

Originally the panel would consist of 128 tiles, currently only 91 tiles or fragments remain. The 
original location of this panel is unknown but it is known that they once belonged to Quinta Nova. 
In addition to the significant number of missing tiles, there are several fractured and lacquered 
tiles as well as glaze gaps, surface deposits, mortar remnants and biological colonization. During 
the process of sorting the set it was possible to find some fragments that were integrated in the 
panel. This aspect is relevant because it allows concluding that the provenance of the panel is 
common with the remaining set of fragments that are known as House of Quinta Nova. 
Through the study of the marks of the reverse it was possible to identify other identical panels, 
with the same type of graphics, and also in the decorative motifs, namely the frame that fits the 
scenes. In addition to the panel with number 10, tiles with the numbers 4, 5, 6, 7, 8 and 9 were 
also registered, although they are smaller in number than the previous one. Due to the high 
number of missing tiles and no concrete place for their application, and the existence of more 
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panels with the same theme, the chosen methodology that essentially intends the conservation of 
the tiles. 
In this way, none of the interventions aimed at the application of any action on the tiles that 
involve its reconstitution. In the areas corresponding to the missing frame, and whenever possible, 
given the symmetry of the decorative motif, a reproduction was performed. In the remaining cases 
the lack of tile was only filled with a tile with the base shade of the glaze. The filling of the tiles 
was done by the "hot" technique [9], while maintaining the shade of the glaze without any draw 
(Figure 5). In this way, if new fragments arise, it becomes easy to integrate them in the panel 
without resources to any more invasive action. 
 

 
Figure 5: Figurative panel of Quinta Nova after intervention. 

Tile of single figure 
The tile of a single figure, also present in the collection of the House of Quinta Nova, which 
appears in the end of the 17th century, through the Dutch tiles. In this set only a later decorative 
type is identified, which repeats only the motif of a flower with several configurations (Figure 6). 
 

 
Figure 6: Single figure panel with flower motif. 
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After the selection of all the fragments with this decorative motif, the triage was carried out in 
order to identify the fragments of a single tile. Following this methodology, it was possible to 
reconstitute several tiles. Some of these were complete and for the rest it was tried to make sure 
that the remaining fragments were not found in the existing collection. Considering the decorative 
motif of the tiles, although similar, but always different, it was decided not to perform the 
reconstitution of the decoration. In this sense, the intervention option was reconstituted through 
the "hot" restoration, maintaining only the opaque white glaze shade. Once again this option 
responds to the ease of removal of the intervention in the case of an eventual recovery of the 
missing fragment and, on the other hand, no progress is made with any reconstitution of the 
decorative motif. In this way, even if we do not retrieve the motif, the simple filling of the gap 
areas allows us to improve the reading of the set through the chromatic and material continuity 
(Figure 7). 
 

 
Figure 7: Single figure panel with flower motif after intervention. 

Tile panel "tree" 
Of the set of existing fragments, a significant part corresponds to white tiles, the tiles painted in 
blue, resulting from bars, beams and others not defined and marbled tiles to manganese and blue. 
Also part of the set are fragments of figurative panels, but were rejected because they could 
integrate a panel in the future. 
After the main triage we realized the existence of many tiles, more or less complete, without any 
marking and without any correspondence with some identified panel. Thus, since it was 
impossible to integrate them in their original set, and no other integration possible, it was intended 
to preserve their aesthetic function as a single element through the creation of a new panel. 
In this way it was possible to preserve the tiles, establishing the proper conservation and 
restoration methodology, removing the old mortars from the reverse, fixing occasional glazing in 
detachment and consolidating some tiles that were more friable. At the end, a thin layer of 
reversible adhesive was applied, which in the future allows a more efficient removal of the 
materials used for its application. 
Its arrangement was made by giving the general appearance of a stylized tree (Figure 8), but 
without ever questioning the stability of the tiles. Thus, although not recovering the original 
motifs, the set can resume its aesthetic function that otherwise would also be lost with time. 
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Figure 8: Panel “tree”. 

Panel of fragments "Tile of single figure" 
In this set only fragmented tiles were used in which the possibility of recovery of their function 
is hopelessly lost. Not only because they are fractured, but because of the combination of factors 
such as the lack of knowledge of the original location, the type of framing they provide and the 
almost certainty that this set constitutes only part of the original panels. 
The impossibility of performing a conventional triage, in light of the above, boosted the 
development of an unconventional project. Starting from the set of tiles described, a methodology 
was applied common to the conservation of tiles, passing through the cleaning and removal of 
old mortars and punctually to the fixation of glazes in detachment. At the end, a thin layer of 
reversible adhesive was applied, which in the future allows a more efficient removal of the 
materials used for its application. 
Starting from one of the tiles of the ensemble, a fragment of tile of a single figure (Figure 9), its 
draw was reconstituted. This draw was enlarged and transposed to the wall with the final 
dimension of approximately 3x3m. In this way was recreated a large single-figure tile executed 
exclusively with fragments. 
This project allowed to involve several students in different phases of their formation in 
conservation and restoration and to contribute to the technical learning, team work and 
sensitization for the need of protection of the patrimony not only after its degradation but in the 
creation of mechanisms of prevention and maintenance [10]. The final result combined creativity 
and technique and allowed to create a panel of tiles that will be used as a way of raising awareness 
of the need to preserve cultural heritage (Figure 10). 
 
 
 

320 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9, 10: Tile through which the panel was created. Panel of fragments "Tile of single 
figure". 

This unconventional approach in the area of Conservation was motivated by the absence of 
solutions other than their packaging and storage, at best. The impossibility of reconstituting any 
panel in its original situation, but never losing sight of the respect for the ethical and deontological 
principles of the profession of conservator-restorer, not only the fragments, but also the 
techniques and materials used did not alter the original characteristics of the same and respecting 
the changes and damages suffered over time. 
This work is also the result of a project initiated in 2012 at the Polytechnic Institute of Tomar 
designated as "Creative Conservation" [11] and whose objective is the valuation of the heritage; 
respect for materials and production techniques assuming their degradation; the practice of 
conservation and restoration and the promotion of the integration of the young students in the 
area, attending to the greater creative and action freedom; to intervene in patrimonial assets 
without artistic or cultural value considering the state of degradation that they reached or on goods 
with industrial or technological value; develop artistic creativity through exhibitions or 
installations promoting the conservation of materials and the preservation of heritage. 

CONCLUSIONS 
The collection of tiles from the House of Quinta Nova has allowed over the years to build a project 
that involves several aspects common to the development of conservation and restoration, not 
only in its technical aspects, but also in the methodological approach. On the other hand, the 
development of students' techniques and learning based on practical cases, a reality increasingly 
rooted in the development of polytechnic higher education, is also a target for innovation and 
opportunity for growth of the students involved. The methodological approach of more 
conventional teaching is complemented by new proposals that integrate different levels ranging 
from practice to reflection. 
From a more practical point of view, the definition of a methodology about a collection that is 
unusual and apparently not very stimulating, has demonstrated that its complexity is also a reason 
for theoretical development through the search for practical answers. The acquisition of skills and 
the enrichment of the curriculum of the students in the classroom context is also a space for 
reflection and opportunity to generate new situations. 
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Finally, the conservation and restoration of such a diversified collection, in a very complex state 
of conservation, was the reason for seeking adequate responses to each situation. Treating such 
different situations in the same way would be at all avoidable. On the other hand, the state of 
conservation of some fragments out of their context, in many situations, would have been 
sufficient reason for the abandonment of any proposals for intervention. The project "Creative 
Conservation" also has the merit of presenting a new proposal, which, although it does not solve 
all the questions, presents a simple working methodology that generates empathy among the 
group and creates an emotion in the observer in order to expose in a deeper way, about the need 
to preserve cultural heritage, identity and memory. 
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SUMMARY:  Reading cities and landscapes inform critical natural events that may characterize 
either environments. The hilly character of Lisbon demands an accurate sense of the natural 
versus the artificial, to reveal the natural environment under the metamorphosis of the human 
will.  
The rehabilitation of the historical lookouts seems to be a task that must stem from other urban 
projects that are intrinsic to the city. Thereby, developing a contemporary image that frames 
past-present-future in the long continuum of artistic, architectural and urban heritage.   
 
KEY-WORDS: tiles, heritage, rehabilitation, lookout, Lisbon. 
 
 
 

INTRODUCTION 
The aesthetic experience of Lisbon implies certain degree of sensibility that focuses on tiles – 
azulejos. And tiles may perform remarkable differentiated rules regarding the intrinsic context 
that they form with the materiality of buildings, walls and spaces. Azulejos may behave as 
“ornamental cladding”, structural surface constructors, trompe l’oeil, ornament and last but not 
least, a fundamental framework for the city in which lookouts and their small, sensitive and 
intimate gardens play a strong role in order to portray the image of Lisbon.  
The aim of this paper is to stress the importance of these essential lookouts from which the 
materiality of tiles is perceived together with other materialities, where the reflection of the Tagus 
mingles with the reflection of tiled surfaces, where colours meet. Recent rehabilitation of these 
public spaces establishes the importance of tiles afresh and motivates a reflection on the way the 
city shares its identity with the cultural identity of tiles. From white-blue to the polychromatic, 
Lisbon combines the revelation of tiles. This is only a particular layer of the city’s identity, with 
layers of the interiors of buildings that await other reflections. 

METAMORPHOSIS ON TOPOGRAPHY 
The aesthetics of environment as we experience and conceive today is particularly new and that 
would not come to a Greek, Roman or Renaissance mind. An the same seems true for the 
experience of the city scape. To experience the environment for aesthetic purposes alone is an 
idea that comes from the nineteenth century and meant a new approach to nature. Walking ten, 
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twenty, forty kilometres within nature for aesthetic purposes would not come to an earlier mind. 
Furthermore, even for scholars, early experiences of nature meant acquaintance with the 
geometrico-mathematization of the origo rerum and thus summa rerum – we may emphasize – 
would have been a sign that rational mind may avoid. In this sense, Leonardo da Vinci’s drawings 
are scientific investigation insofar as they also avoid the subjective life of the senses. From the 
anatomic drawings to mountains to whirlpools, or to explosions, the same ideas are valid. The 
whirlpool is nothing but the anatomy of water under precise conditions and one needs to inquire 
beyond the what surface tells us. 
But from this moment on image will be understood as the accurate tool to ground both art and 
science. This is true of Modern Science or of contemporary science and the never-ending debate 
between the figurative and the abstract is necessarily image centred. What an image may convey, 
or may not convey, what the limits of the transmission of value and of interpretation are thus 
prosperous and extend to the un-limited limits of human creation.  
From its outset, via moderna created representations of the city as the ideal city. Under Federico 
da Montefeltro’s reign between 1444 and 1482, in Urbino, marvellous images of the city were 
created, which certainly had an emphasis on the geometrico-mathematical cosmos that would 
make all that is seen beautiful. In this sense, those paintings represent a first approach to the city 
in that it should be a beautiful human creation and thus should be experienced and they share the 
geometrical accuracy of the representation of complex solids found in the intarsia panels of 
Montefeltro’s palace in Urbino. The image must be built according to precise rules because art is 
scientific and aims at a perfect representation of the world. Actually, as we move from the early 
Renaissance to Mannerism, much of Philosophy, Theology and aesthetics stems from the problem 
of image versus word. For example, during the early Renaissance, say at a dinner at the 
Montefeltro’s palazzo, the scholar who would declaim Horatio and would be familiarized with 
Roman maxims would have been more highly considered than a painter or a sculptor.  
Yet, those paintings of the city avoid the problem of topography and they represent a flat land of 
the same type as that of the fortress town of Palmanova and yet from primitive settlements to the 
classical age, topography was both challenging and efficient regarding human safety and a strong 
functional organization seemed to be a primary issue. Thinking historically, the acceptance of the 
flatness of Palmanova implied the acceptance of the reducing topography to the walls of the 
fortress and in this sense, all that can stand for natural became full artificial. Naturally there is a 
growing complex way of regarding the functional city because all systems of wall-shape meant a 
precise defence strategy based on given technological means. That is, of the most critical point 
that the city could be taken to, there were not many ways of using the city by a single one. Thus, 
the flat city may symbolize a stronger ability to modify the topography than a hilly settlement. 
Sometimes, like in Ancient Miletus, we find an accurate approach to topography that combines a 
symbolic philosophy with a perfect functionalist construction. This approach to place tells us that 
from early ages the metamorphosis of the natural into the artificial could be taken to a large extent 
by combining the physical and the metaphysical and for these to be experienced as a certain 
degree of collage. This contemporary reading is suggested due to the windows that Cubism has 
opened to our aesthetic perception. That is, our contemporary way of experiencing places has 
become highly complex. 
Yet the topography of Ancient Miletus was not so challenging as that one of Assos and the 
problem arises from what a particular civilization at a particular time really aimed at. Sacred 
spaces and their building as well as public spaces and buildings are more demanding in terms of 
organizing a suitable site in pursuit of specific ends. In general, they were oversized compared to 
the scale of housing, except for villas or palaces. The vernacular structure is small in terms of its 
singular unity despite the fact that it can cover large extensions of land. Thus, the idea of the 
artificial horizontal terrace grounded in walls has been established as a major device to articulate 
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functionality and symbolic needs. And the concrete that made cryptoporticus possible informed 
about the extent of the possible metamorphosis of the natural topography versus artificial 
topography. 
The proximity between the Roman Theatre of Lisbon and the Júlio de Castilho Garden (1929) 
combines a proximity of the physical space itself but also a proximity of millennia. At the time 
of its glory, the Roman Theatre was certainly an impressive lookout combining two different 
approaches to topography, the structure of the slope and the facilities of the cryptoporticus. Thus, 
in a similar way to other civilizations originally rooted in the Mediterranean, we find in Lisbon a 
relation between the natural and artificial topography that is a cultural construction. The way how 
we perceive land-river-sea-sky is thus a cultural construction made from two different bases. The 
first is the general form of the city and the second consists of the places that were developed 
spatially to be lookouts even if formerly there was also a functional structure behind it such as 
knowing where boat and ships were entering the Tagus. 
The lookouts of Lisbon are, basically, cultural constructions and they illustrate that construction 
from a chronology of space and time. Perhaps, the most radical one is that embodies the most 
extended cultural construction itself is the Saint George Castle lookout – a perfect metamorphosis 
in space and time. The aim of terraces above the walls was not to fulfil an aesthetic requirement 
when they were built. They objectively represented safety, defence, functionality. Thus, from that 
early stage until the time when they became spaces of permanence to experience the whole 
natural-artificially wide scale environment, aesthetically we needed to go through millennia. In 
this sense, a lookout of this kind roots Lisbon to early stages of classical civilization.  

LAND-RIVER-SKY AND SEA  
Places where sea and land meet have demonstrated to be landmarks of civilization. In this sense, 
there is an ancient character of Lisbon that is a cultural construction and yet common to other 
ancient civilizations and that character emanates directly from what its topography is in relation 
to the river and the ocean. Thus, all the lookouts combine land-river-sea. Even a lookout that does 
not access directly the river-sea does not break down the sense of immense dimension given by 
the huge extension of water up to the horizon and therefore lookouts are privileged places to a 
multidimensional experience of space-time. Yet any photograph or image, say such as that created 
in tiles, may actually embody that experience and thus we are telling about partial views that the 
artist or the photographer may emphasize.  
We may believe that an artist such as Fred Kradolfer may have had a dilemma. On one hand 
Lisbon provides an overwhelming experience that is the point of departure of the artist himself 
and by another the artist has under his brush the power of the image. This problem also affects 
our judgements because we may discuss how far those tile panels are actual art works or, whether 
they are simply graphic means to achieve an end which is to guide us in an informative way rather 
in an aesthetic way.  
Unlike architecture that has to pursue an end – to live in – art works such as painting and sculpture 
depend on image alone, they are self-sufficient, they are meant to be experienced insofar as they 
are an end in themselves, an image per excellence. Yet these panels seem to rely on a certain 
balance between a self-beauty – and thus they are aesthetically and artistically referable to art 
works such as paintings – and embody an ability to pursue a particular aim, that is to inform about 
what different buildings or places are, what their names are and how they relate to each other 
from that specific place of the lookout. Yet, in this latter sense they are not actual art works, or 
they have not been conceived as such. 
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Figure 1: Fred Kradolfer. Coloured panoramic drawing to visual panoramic reading in tiles of the São 

Pedro de Alcântara Lookout, 1962, The National Tile Museum. © José Vicente 

We may reflect on how far Fred Kradolfer would have gone without the experience of Henri de 
Toulouse-Lautrec and the approach to the advertisement poster as an art work. Thus, we are able 
to see a deep artistic approach in the way the information panel is actually constructed and how 
the aesthetic factor appears in the creation of the tile panel itself. And we can reflect further, on 
how far it could come to someone’s mind to create a poster to guide us through an experience 
that, at the end, would have to be aesthetic despite other points of view that could also influence 
the creation of the poster itself. 
 

 
Figure 2: Fred Kradolfer, Visual panoramic reading in tiles of the Monte Agudo Lookout (Leitores 
panorâmicos em azulejo do Miradouro do Monte Agudo) 1965, Fábrica Viuva Lamego. Honorable 
Mention Award “Best Practice” (Prémio Menção Honrosa “Boas Práticas”), SOS Azulejo 2017, for 

conservation and restoration intervention © José Vicente 

However, the problem of the image is a rather complex one. The images created by Kradolfer 
have a peculiar perspective, they have a structure of space-time that differs from that we may find 
in those places. In another words, the actual image we may experience from the lookouts where 
they stand has been transformed through what has been one of the most critical achievements and 
metamorphosis in art in general and especially in painting, the representation of space-time.  
When we stand and experience one of these lookouts we would not need much of the foreground 
representation to guide us across the city escape and yet the representation of this first level of 
perception seemed important to Kradolfer in Monte Agudo (1965) and São Pedro de Alcântara 
(1962). The hyperbolic perception of space seems to have been a particularly important problem 
that – we could say – was hardly solved in the first case because he was not able to clarify the 
relationship between the right and left fences which actually are a single straight fence. Yet, the 
fact that the second panel is curved seems to have been a good solution that avoids the depiction 
of the fence. 
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Figure 3: Fred Kradolfer, Visual panoramic reading in tiles of the São Pedro de Alcântara Lookout 
(Leitores panorâmicos em azulejo do Miradouro de São Pedro de Alcântara) 1962, Fábrica Viuva 

Lamego. Honorable Mention Award “Best Practice” (Prémio Menção Honrosa “Boas Práticas”), SOS 
Azulejo 2017, for conservation and restoration intervention © José Vicente 

Yet the challenge of the representation of infinity overcomes the problem of the image of 
hyperbolic space. Historically, the latter came first but at the empirical level, and it depicts the 
distance that takes us from the Greek Refinements to Giovanni Battista Tiepolo’s pictorial space. 
However, the most astonishing approaches to the hyperbolic space would be those materialised 
under Vincent van Gogh’s brush.  
Acquaintance with both representations, the Euclidean perspective and the hyperbolic 
perspective, makes clear that much relies on the foreground rather in the background and small 
spaces are easy to handle in opposition to large spaces. Thus, the representation of a small room 
opposes the representation of a huge landscape on the difficulty to stress the hyperbolic space. In 
this sense, we could say that there is some kind of balance to be explored in the pictorial 
representation from the Euclidean to the hyperbolic. 
 

 
Figure 4: Fred Kradolfer, Visual panoramic reading in tiles of the São Jorge Castle Lookout (Leitores 

panorâmicos em azulejo do Miradouro de São Pedro de Alcântara) 1963, Fábrica Viuva Lamego. 
Honorable Mention Award “Best Practice” (Prémio Menção Honrosa “Boas Práticas”), SOS Azulejo 

2017, for conservation and restoration intervention © José Vicente 

Two of the Fred Kradolfer’s glazed tile panels can be opposed to the others under this analytical 
approach and those are the panels that frame the city space, the river, the ocean and the sky. The 
panel at the Saint George Castle and the first one at the Senhora do Monte Lookout display a 
sense of expansive distance, of infinity, alien to the other panels. Lisbon is seen as an oceanic and 
world city as depicted here but not in the other panels due to the inner reality of the city as seen 
from those other perspectives. At the time these two panels were conceived there was no bridge 
over the Tagus and thus the sense of huge dimension towards south and west to the ocean was 
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greater than it is today. However, the visual impact of an object such as the red iron bridge has a 
scale of its own, a scale of land, of the river, and of space and time whose magnitude is also vast. 
 

 
Figure 5: Fred Kradolfer, Visual panoramic reading in tiles of the Senhora do Monte Lookout (Leitores 
panorâmicos em azulejo do Miradouro da Senhora do Monte) 1963, Fábrica Viuva Lamego. Honorable 

Mention Award “Best Practice” (Prémio Menção Honrosa “Boas Práticas”), SOS Azulejo 2017, for 
conservation and restoration intervention © José Vicente 

The second panel at the Senhora do Monte Lookout also displays an impressive sense of never 
ending space as the sky flows beyond the background hills. Interestingly, another fact impacts on 
the perception of the cityscape. These panels are displayed exactly at the lookout that gives a 
sense of never ending horizon that can be extended as far as infinity. Thus, the presence of the 
place overtakes what the panels can embody in themselves. Or, we can say that the perception of 
the place biases the actual content of the panels as art works whose perception would be 
particularly different if they would be seen elsewhere. Thus, the presence of both a drawing and 
a panel are a source of reflection on the art work and the aesthetic expression and experience. 
 

 
Figure 6: Fred Kradolfer, Visual panoramic reading in tiles of the Senhora do Monte Lookout (Leitores 
panorâmicos em azulejo do Miradouro da Senhora do Monte) 1965, Fábrica Viuva Lamego. Honorable 

Mention Award “Best Practice” (Prémio Menção Honrosa “Boas Práticas”), SOS Azulejo 2017, for 
conservation and restoration intervention © José Vicente 

 
As one has entered the realm of the art work as such, we could also refer to other pictorial 
characteristics of the panels and easily find the expressionism to be in their background. However, 
this fact occurs to the extent that Expressionism combined and recreated afresh former 
achievements as well as it could provide innovative solutions for pictorial representation. The use 
of the black colour is, perhaps, of the most importance. By using black, Kradolfer creates a 
dialogue of light-shade that stresses the whiteness of Lisbon and works as a motif that highlights 
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important buildings from their background. This is a pure artistic option. That is, the synthesis of 
colours reduces the overall colours of the city to a few, with each colour performing specific 
aesthetic roles. 
We can also discuss how far there can be an ‘interference’ of the cubist approach to space. We 
could see the overlapping of buildings as a collage of one façade with another. However, the 
overlapping of façades is organized in a way that gives a chronology of space and time due to its 
changeable scale and thus the size of the objects in the foreground along with some partial detail 
differs from those of the far background. But, we can hardly leave aside the fact that the technique 
of superimposing different plans reveals particular efficiency of approaching the art of tiles as 
such. 
 

 
Figure 7: Fred Kradolfer, Visual panoramic reading in tiles of the São Jorge Castle Lookout 1963. Detail, 

2018 © J. Marcelino Santos.  

Perhaps another reference needs to be stressed. Kasimir Malevich’s suprematist buildings 
represent creative ways of reading buildings and cityscapes. The Architekton in Front of a 
Skyscraper (1924) is analytical and portrays architectural construction as not exactly structure alone, but 
the whole conception of a building and a cityscape as planes and volumes. Where the ground they stem 
from, including the sky that outlines them and the black-on-white or white-on-black is rather efficient in 
taking us to the realm of architecture beyond that of the abstract approach to pictorial space and time.  
The problem of the black in Kradolfer does not rely only on being a simple tool to outline buildings. The 
contour of the object is the notion of form brought in by the Renaissance and we see it in Leonardo da 
Vinci’s drawings along with his contemporaries. The contour serves to define the form and it is only 
valuable as far as the form springs from the background and in this sense does not have a life of its own. 
It serves a principle. But the contour stressed by the Fauvists and the Expressionists expands the sense of 
the contour of the object to the space where the object exists and thus it tells simultaneously about being 
an-itself-by-itself-for-the-object-for-the-space. The contour embodies the characteristic in being space-
within-a-space and acquires an extension that it has not had before. 
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In Kradolfer, the black expands to make buildings noticeable and by doing this the black acquires a 
pictorial space that goes beyond the contour itself. In fact, the black is not exactly a black line that withers 
but a spot whose shape is to some extent independent of the building it stresses. Again, this is a pure 
aesthetic option leading to a particular expression and the fact that such a strategy is repeated insofar as 
the artist sees it reliable, is created an overall expression combined with other strategies he has worked 
with. Black has become a full active colour. And yet black is a colour that we hardly assert to Lisbon. 

Santa Luzia Lookout 
The Santa Luzia Lookout embodies an intense chronology of time. The magnitude of such density 
is provided by the land-river-sky discourse whose origins are to be found in a remote natural 
landscape which to be transformed by human action. There is a material magnitude former to that 
of the castle, of the Roman Theatre, of the ancient walls where the lookout stands. And from 
where the arrangement of buildings reflects different space-time relationships that embody 
different symbolic meanings. Certainly, a church and a convent differ from the vernacular 
dwelling and from its subsequent evolution of higher buildings. The long twentieth century wharf 
line is the strongest artificial metamorphosis that opposes the irregularity of topography and the 
new cruise terminal building is the expression of the latest landmark through this long chronology 
of space-time. The wharf topography is that of the flatness of the river but does not share the 
natural metamorphosis of its colour, reflexion and texture. There is no hilly character in water, 
nor rapids, nor waterfalls, there is simply a large estuary that flows as inner land flows out to the 
ocean.  
 

 
Figure 8: Santa Luzia Lookout. Panoramic photo, 2018 © J. Marcelino Santos. 

The lookout comprises two different terraces that articulate an upper and a lower level and we 
may stress that they are distinct spaces to the extension that actually display two different 
panoramas that, nonetheless, may be taken as a continuous architectural promenade. Thus, the 
aesthetic experience that they provide relies on the ability of being as separated as well as 
connected. Both terraces establish profound relationships with ancient streets and with the iconic 
Church of Santa Luzia grounded in the early roots of Portugal – formerly Church of São Brás. 
In fact, the site articulation makes possible an appreciable range of different aesthetic experiences. 
It can be, somehow, a sudden change of scales and dimensionalities of space and time or, can be, 
a slower continuous changeable experience. Perhaps, this place might be one of the most 
worthwhile to discuss and where many disciplines may meet from that of the historian and the art 
historian, to the architect, or urbanist, to the philosopher and phenomenologist. Thus, in a short 
reflection only a few aspects can actually be approached. 
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Figure 9: Santa Luzia Lookout. Upper and lower terraces, 2018 © J. Marcelino Santos. 

The way in which the tiles are distributed through the space has a remarkable importance on the 
way the space is perceived. In fact, it is most likely that the first tiles one sees are the decorative 
tiles that furnish the small walls. In terms of the intrinsic nature of objects, the tiles do not differ 
much from those generally found in the variety of buildings that we see across the city. The 
strength of the single motif produced by the qualities of the two-dimensional space that can be 
repeated through a plane are particularly significant at this site. 
Unlike the way one experiences the tile façades of buildings, here one is able to sit and touch the 
tiles. One sees colours, textures and feels temperatures. Besides, as one moves in, one is going to 
see closer and closer those motifs and thus they give a higher contribution the sense of space-
time across the space. The experience of details at close proximity is different than when 
experienced from a distance. And the close experience of the detail reaches an acme when we are 
so close to the wall that we experience the large scale of the site. Thus, there have been 
constructed a priori conditions to comprehensive multidimensional experiences of space-time. 
The large panoramic panels have a different role in relation to the structure of space. They display 
views from past times and create a sense of interiority to the space. The individual who 
experiences the space does not sit right next to them, nor would touch them. The ‘View of Terreiro 
do Paço at the Early 18th Century’ requires some distance to be perceived and yet it also comprises 
the small figure whose detail may need a closer look. There is a sense of experience that combines 
the way we walk through the garden and the experience of the panoramic scene displayed on the 
wall of the church of Santa Luzia. Also, the tiles have, somehow, the power of transforming the 
outer façade of the temple into the inner façade of the garden. There is a peculiar spatio-temporal 
construction unique to the lookout and the tiles have high relevance in this interaction. On the 
opposite side, the pergola over the huge ancient wall closes and opens the space by creating a 
space within a space. And, in fact, this is what the lookout is made of, of spaces within spaces, of 
distances, of boundaries and material events through the space that create different rhythms all 
across possible path ways and the individual is free to choose from them. 
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Figure 10: View from the Santa Luzia Lookout, 2018 © J. Marcelino Santos. 

 

 
Figure 11: António Quaresma, View of Terreiro do Paço at the Early 18th Century, (Vista do Terreiro do 
Paço nos começos do século XVIII) c.1929, Fábrica Viúva Lamego. Prize Winner for on restoration and 

conservation, (“Intervenção de Conservação e Restauro”) SOS Azulejo 2017 © José Vicente 

This panorama of Lisbon crosses the chronology of time to the present. In some sense, as one 
looks at the river experiences of the present and by looking inner land we experience memory. 
However, this memory is only an introduction to the magnitude of a historical time that the land 
itself has witnessed. The magnitude of time provided by the land-river-sky means a discourse 
whose origins are to be found in a natural landscape to be transformed one day by the human will.  

  
Figure 12: Santa Luzia Lookout, 2018 © J. Marcelino Santos. 
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However, the magnitude of space time is given through a confined space in which the pergola 
and the wall-panel element are as important as the terra firma or the sky.  Thus, there is also a 
smaller scale inner environment of the garden given by a now-for-us sense that grounds our 
aesthetic experience versus past-present-future, to the city that has never yet been. 
 

    
Figure 13: Santa Luzia Lookout. Lower terrace, 2018 © J. Marcelino Santos.  

 

 
Figure 14: Jaime Martins Barata (tiles) after a painting by José Vitória Pereira. Panorama of Lisbon, 

c.1939. Manufactured by Viúva Lamego. Prize Winner. Best Practice (“Boas Práticas”) SOS Azulejo 
2015 for restoration and conservation. © José Vicente 

The lower terrace which was built in the 1940’s which depicts the Panorama of Lisbon produced 
for the 1940 Exposition of the Portuguese World is, somehow, between the future and the past. 
The blue option means there is no attempt to recreate the art of glazed tile despite the fact that 
Portuguese tiles were as blue as polychromatic. Nonetheless, by being blue the tiles define 
potential readings of the history of Portuguese tiles which may be a partial view, an outlook of a 
regime assumed by the artists and which is certainly biased. 
One may shortly assert the panorama of Lisbon to the spatial organization of the exposition. The 
rural Portugal is depicted by the two traditional boats and the warships symbolise progress. In 
some sense, all elements are as static as the vision of a proud Portugal, past, present and future. 
Paradoxically, it seems that the aesthetic of the tile panel reduces the vision of that history in the 
same way that the panel has reduced the history of glazed tiles to a monochromatic past, as it 
does not have the courage to recreate a cultural tradition afresh.  
Last but not least, the interpretations of the panels by Fred Kradolfer may be considered to be 
biased by the necessity to stress aesthetic qualities but those panels may comprise stronger 
elements to a chronology of the development of the art of glazed tiles than the panels of the Santa 
Luzia Lookout. Yet, there is an ‘internal’ organization of the site that overwhelms the panels as 
individual elements and the city overcomes all chronologies of the history of tiles. 
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THE PUBLIC RULE IN THE RESTORATION – A CULTURAL NEED  
Lisbon lookouts are fundamental public spaces and therefore the role of the City of Lisbon is 
strategical in pursuing suitable uses as well as adequate strategies of rehabilitation of these places. 
And the presence of tiled panels maximizes the importance of requalification of these places 
where we experience both tiles and the city in a close and touchable way. We could stress, an 
intimate way that makes the aesthetic experience a vivid act. 
The years 2015 through 2017, the responsibility of this task was held by the Unity of Intervention 
of the Historical Centre (UITCH), which is a department of the Unity to Territorial Coordination 
(UCT) – Unidade de Intervenção Territorial Centro Histórico (UITCH) da Unidade de 
Coordenação Territorial (UCT). The prizes ‘SOS Azulejo 2015’ and ‘SOS Azulejo 2015’ were 
welcome and meant that there is already a wide concern with the Portuguese tile heritage as well 
as with the necessity of its preservation. 
The number of people, locals or tourists, that experience these lookouts is far higher than the 
number of people that enters museums, churches, or convents and thus, these places also work as 
vestibules to other comprehensive explorations of this art. There is a pedagogic context that goes 
beyond the given experience of these places. Consequently, the aim of the requalification as 
performed by the City of Lisbon stressed an overall rehabilitation of the lookouts.  

CONCLUSION  
Lisbon is a type of settlement that has roots in ancient strategies of changing the topography of 
the site. The historical walls of Lisbon are characteristic to that metamorphosis as well as all 
terraces that define the outlooks. We may trace back the origin of these sites to functional need 
of man but they seem to have acquired a single use which is fundamentally aesthetic to be in the 
place and to experience the cityscape alone. Thus, there is a new symbolic use nonetheless 
constructed in the ancient topography as well as in its metamorphosis whose materiality is often 
seen or felt. The presence of the ancient walls of Lisbon and of the castle is particularly important 
to this acquaintance with place. 
As far as these sites are cultural constructions, the presence of tiles is of highly relevant 
importance. The tiles tell about a chronology of time that brings about an evolution of this art. 
Although it is not a comprehensive chronology its importance seems relevant not only by the fact 
that they return to the ability of creating a sense of interiority by the way how the space interacts 
reciprocally with them, but also because the panoramic panels may open a discussion to the 
evolution of Modern Art.  
The importance of restauration held by the City of Lisbon and its public recognition is certainly 
a high contribution to the discussion of the perfect strategies of restoring tile panels as well to 
reflect on the new horizons that this art may embody in order to be recreated afresh. Last but not 
least, one should emphasize the rule of teamwork leading to the restoration of lookouts.  

Ackowledgements 
Tile conservation project by Municipal Council of Lisbon: Fátima Alcobia; Fernando Lopes; 
Helena Lopes; Pedro Miranda and Rui Matos.  
Yearly, the Historical Centre Territorial Intervention Unity (UITCH – Unidade de Intervenção 
Territorial Centro Histórico) identifies priorities to restore artistic historical heritage artefacts in 
public spaces in Lisbon historical centre. A historian and archaeologist team coordinate scientific 
research with art restorers, architects and engineers and defines projects and intervention 
strategies according to recognised scientific methodologies. The works are then executed and 
supervised by these experts. The team also coordinates the intervention with the Directorate-

334 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



General for Cultural Heritage (DGPC – Direção-Geral do Património Cultural) for buildings or 
artefacts that are classified. Yet, a general coordination with local community and all companies 
that operate infrastructures in public space is always required. UITCH is a department of the 
Unity for Territorial Coordenation (UCT – Unidade de Coordenação Territorial). The head of 
UITCH is Isabel Maciel and the head of UCT is Helena Caria. 

Bibliographic references 
AA, vv – História da Arte Portuguesa. 3 Vols. Circulo de Leitores, Lisboa,1995 
AA, vv – Lisboa Quinhentista. A Imagem e a Vida da Cidade. C.M.L. e Museu da Cidade. Lisboa, 
1983. 
ALMEIDA, Fialho de – Lisboa Monumental. Câmara Municipal de Lisboa, Lisboa, 1957 
ARAÚJO, Norberto de – Inventário de Lisboa. Lisboa, 1947 
ARAÚJO, Norberto de – Peregrinações em Lisboa. Tomo VIII – X. Lisboa, 1939. 
ARGAN, Giulio Carlo – Arte Moderna. Do Iluminismo aos Movimentos Contemporâneos. 
Companhia das Letras. São Paulo, 1992. 
BÁRTOLO, José; SILVA, Jorge – Fred Kradolfer. Design de Comunicação e 
Expositivo.  Imprensa-Nacional Casa da Moeda, Lisboa, 2012. 
CASTILHO, Júlio de - Lisboa Antiga-Bairros Orientais. 2ª ed., Vol. VII. Lisboa, 1927 
FRANÇA, J. Augusto – “Imagens de Lisboa através dos séculos”, in Rassegna, Ano XVI, nº 59. 
Bologna, 1994. 
DUFRENNE, Mikel – The Phenomenology of Aesthetic Experience. Nortwestern University 
Press. Evanston, 1973. 
GÓIS, Damião de – Olisipo Descriptio. (edição original 1554). Livros Horizonte, Lisboa 1988. 
GOMBRICH, E. H.: The Story of Art. Phaidon. London, 2007. 
Guia da Exposição do Mundo Português (edição1940). Neogravura, Lisboa, 2014 
HEELAN, Patrick A. – Space-Perception and The Philosophy of Science. University of 
California Press, Berkeley. Los Angeles, 1983. 
HOLANDA, Francisco d' – Da Fábrica que Falece à Cidade de Lisboa (edição original de 1571). 
Livros Horizonte. Lisboa, 1984. 
MECO, José – Azulejos com monografia de Lisboa. Actas do Simpósio Lisboa em 
Discussão. Amigos Lisboa. Lisboa, 1994. 
MOITA, Irisalva (Dir. de) – Livro de Lisboa. Livros Horizonte. Lisboa,1995. 
SOROMENHO, M. – O Paço da Ribeira à medida da Corte: de Filipe I a D. Pedro II. Do 
Terreiro do Paço à Praça do Comércio. História de um espaço urbano. Imprensa Nacional Casa 
da Moeda. Lisboa, 2012.  
Revista dos Centenários. Nºs 19 – 31, Comissão Nacional dos Centenários. Lisboa, 1940. 
Revista Municipal (1983). Ano XLIV, nºs 5 e 6. Câmara Municipal de Lisboa. Lisboa, 1983. 
PANOFSKY, Erwin: Perspective as Symbolic Form. Zone Books, New York, 1997. 
RICCI, Giovanni – Cuidad Amurallada e Ilusion Olográfica(...)". La Città e le Mura. Madrid, 
1991. 
RODRIGUES, Maria João Madeira – Cidade Oceânica e Mundial. Fundamentos da Teoria do 
Urbanismo Português. GEHA Ano 2. Revista de História, Estética e Fenomenologia da 
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SUMMARY: There are several books about the modern tiles (azulejos) in Portugal, often 
centring in well known cases by renowned artists or more "spectacular" applications.  
Spread throughout Portugal (and not only in Lisbon) there is also an important heritage of 
modern tiled shopfronts that are often neglected and therefore face silent destruction as the 
shops are passed on to new owners and different branches of business. 
This communication presents a wealth of modern shopfronts, survivors from a lost era and now 
in dire danger of permanent loss. 
 
SUMÁRIO: Existem vários livros sobre os azulejos modernos em Portugal, muitas vezes 
centrados em casos bem conhecidos por artistas de renome ou aplicações consideradas mais 
"espetaculares". 
Espalhada por Portugal (e não apenas em Lisboa), há também um importante património de 
lojas com aplicações exteriores de painéis cerâmicos ou de azulejos com padrões modernos 
que são frequentemente esquecidos e, portanto, enfrentam uma silenciosa destruição à medida 
que as lojas são passadas para novos proprietários e diferentes ramos de negócio. 
Esta comunicação apresenta um conjunto de lojas com aplicações cerâmicas modernas nas 
fachadas, sobreviventes de uma era perdida e agora em risco de perda. 
 
KEY-WORDS: Modern azulejos / shop fronts / modern decoration / Portuguese azulejos 
 
 

INTRODUCTION 
There are several books and works about modern tiles (azulejos) in Portugal [1-5], often 
centring in well known cases by renowned artists or more "spectacular" applications.  
The close collaboration between Portuguese modern architects and artists resulted in 
appreciable benefits to the tiles of the modern period and certainly contributed to the resurgence 
of an artistic industry that was in decline before the 2nd World War.  
As discussed by the same authors [6] a particular case of azulejo integration includes those 
cases in which the lining at the ground floor is either the only one or significantly different from 
the rest of the building, often connected with a commercial purpose. Aesthetically speaking, 
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these linings are important also because they are easily perceived, even in narrow streets, where 
the upper levels will go unnoticed. They are often, as well, creations that project or reflect the 
intention of an artist or a designer to transmit appreciative emotion.  
The case of shopfronts is singular in the fact that their design reflects the style of the time when 
the shop opened or was refurbished and not that of the building itself which may be much older. 
In Portugal, there is an important heritage of modern tiled shopfronts that are often forgotten 
and therefore face-silent loss as the shops are passed on to new owners and different branches 
of business. This communication presents a wealth of modern shopfronts, survivors from a lost 
era and now in danger of permanent loss. 

PORTUGUESE SHOP FRONTS 
In the following sections, we present examples of modern shop fronts with integrated azulejo 
panels, either artist-designed or simply resulting from the application of pattern tiles. All cases 
are considered from the point of view of a street walker and some types of azulejos were 
identified: artistic azulejo panels or ceramic plaques, signed or unsigned; repetitive patterns; 
small Tijomel tiles; and flat or textured monochromatic azulejos. These were found in different 
localities: Lisboa, Porto, Torres Vedras, Torres Novas, Viseu, Beja and others. 
Figure 1 shows an example in Lisbon, where the type used was designed by the well-known 
artist Maria Keil (1914-2012) [7] who personally identified tiles of the same pattern in the 
collections of the Museu Nacional do Azulejo as her own. However, as far as we know, this 
particular application was never mentioned in the literature. 
 

  

Figure 1: Rua da Portas de Santo Antão Nº 77, Lisbon 

Figure 2 shows another example in Lisbon, this time already referred in the bibliography [6] 
with an artistic panel signed by Lucien Donnat (1920-2013). This is the front of a shop named 
Pelaria Pampas but once it was a tobacco shop (Havaneza dos Retroseiros) presumed to have 
inspired Fernando Pessoa’s poem of the same name [8]. Both the uniqueness of the artistic 
panel and the symbolism of the location are per se reasons for conservation. 
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Figure 2: Shop Pelaria Pampas in the Baixa area of Lisbon, located at the intersection of Rua 
da Conceição Nº 65 with Rua da Prata 

Figure 3 illustrates a case in Torres Vedras of an artistic panel decorating a shop front whose 
design is only whole with the panel. The panel is signed “Daciano” and dated “1955”. The 
whole shop must have been designed by Daciano da Costa (1930-2005) Portuguese artist and 
remarkable designer. One of his works (from 1972) is precisely the congress centre of LNEC 
where GlazeArt2018 takes/took place, including all the decoration, furniture and lightings. This 
shop, which we identified, is one of his earliest works and the signed panel one of the very few 
examples of his art on azulejos. The shop closed and Museu Nacional do Azulejo contacted the 
Municipality to offer information on the heritage value of the shop front. 
 

  

Figure 3: Casa Primavera shop front. Rua Miguel Bombarda Nº 4, Torres Vedras  

Another sort of glazed architectural finishing is made with monochromatic azulejos, sometimes 
shaped or textured or painted in hues of the same colour (figure 4). Since the decoration is not 
graphic, the aesthetic value is often lower, although it must be remarked that azulejos in shades 
of the same colour allow the creation of interest on façade areas that otherwise might be simple 
and uninteresting. The example shown is another case of a closed shop and consequently calling 
to mind its uncertain fate. 
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Figure 4: Rua Ricardo Espírito Santo Nº 8A, Lisbon 

The following images demonstrate several modern shop fronts in different towns where the 
azulejos are integrated. The panels found often present artistic compositions and the beauty of 
their integration may stem solely from the azulejos, mostly from the integration, or both when 
the azulejos are harmonized with the rest of the shops or buildings.  
Figure 5 is an example of a simple coffee shop made remarkable by a lovely front with an 
artistic azulejos panel decorating the exterior seating area destined for clients. 

 

  

Figure 5. Coffee shop in Avenida Miguel Bombarda Nº 133, Lisbon 
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Figures 6 and 7 are interesting examples of azulejo panels integrated in shop fronts. In the first, 
the composition is in blue colours with ocean inspired motifs, such as geometric fish and was 
once the front of a restaurant specialized in seafood. In the second, the composition is made by 
azulejos in "warm" colours and with Porto city represented. However, in this case, the design is 
only perceived from a distance. 
 

 
Figure 6: Azulejos panel made of ceramic plaques in Rua da Madalena Nº 253, Lisbon 

 

  

Figure 7: Seaside shop in Rua de Santa Catarina, Porto 
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As discussed by the same authors [9] it is relevant to mention a type of glazed ceramic coating 
that came recently to their attention, Tijomel azulejos, whose dimensions are different (ca. 18 x 
38 mm) from the common Portuguese azulejo (ca. 140 x 140 mm) and which were widely used 
in Portuguese modern architecture. 
The images below show the application of linings with those small tiles in some towns visited, 
such as Lisbon, Porto and Beja and the type of application, at street level on shops front. These 
are just examples that were considered worth mentioning but many others, we believe, should 
be cared for and safeguarded. 
 

 

Figure 8: Shop in the Baixa of Lisbon. Rua da Prata Nº 269-271 

 

  

Figure 9: Rua Gomes Freire Nº 14, Lisbon 
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Figure 10: Coffee shop in Rua da Boa Hora Nº 2, Porto 

 

  

Figure 11: Regional shop in Rua de Mértola Nº 65A, Beja 

A slightly different case often neglected is the example in the figures below, made by using 
glazed ceramic tiles. The first (figure 12) is an interesting example in Porto, it is a modern bar 
inspired by the Polynesian tradition. The execution of the shop front albeit recent uses modern 
azulejos and bears witness to a remarkable technique: the panel composition is made with sets 
of differently textured azulejos, including designs by Ferreira da Silva for Secla, with fused 
glass areas and tiles by Fábrica Constância of Lisbon (both ca. 1960s), and the striking contrast 
between them creates an impact on the viewer with an unmistakable tiki flavour. The second 
case (figure 13) is also a panel in Porto, where ceramic plaques used have the same design and 
colours, white and orange or red. However, the position of application is different, as if it was a 
"game of position" where the impact on viewers is obtained through texture and position. The 
third case (figure 14) is that of a shop in the Baixa of Lisbon, where the panel is composed by a 
set of ceramic plaques of different sizes themed on shoes, plants and birds for a shoe shop (an 
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amusing allegory because in Portuguese the sole is called “planta do pé” - plant of the foot, 
while the tip of the shoe is called “bico do sapato” – beak of the shoe). 
 

  

Figure 12: Polynesian Bar in Rua das Águas Férreas Nº 9, Porto 

 

  

Figure 13: Rua de Sá da Bandeira Nº 331, Porto 

 

  

Figure 14: Shoes shop in Praça do Rossio, downtown area of Lisbon 
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Figure 15 presents an interesting shop located in a little-visited town, Torres Novas, and it is a 
rare example of single figure tiles from the 1940-50s that due to its smaller dimension (one 
fourth of the normal size of an azulejo) are called in Portuguese lambrilhas. Another example is 
shown in figure 16, where glazed ceramics with a protruding face and in shades of the same 
colour, create texture, variety and interest to areas that would otherwise be rather plain. 
 

  

Figure 15: Travel agency in the centre of the town of Torres Novas 

 

  

Figure 16: Rua de João Pedro Ribeiro Nº 595, Porto 
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CONCLUSION  
Integrated azulejos, new or old, must be valued as a national mark but they go often unnoticed 
possibly because “Portuguese eyes” are so very used to them. Not only in Lisbon but spread 
throughout Portugal there is an important heritage of modern tiled shopfronts that are often 
neglected. 
This communication presents several examples of modern shopfronts with integrated azulejos, 
survivors from a lost era. 
Although tiled façades are now protected shop fronts are often forgotten because they only 
pertain to a small part of the façade. But that part is indeed the most readily visible by passers-
by. And they are at risk, not only because of the urban expansion but mostly because new shop 
owners refurbish the fronts often neglecting the tiles that went into the design of the previous 
avatars of that shop. If their preservation is not specifically assured, modern shopfronts will 
soon be a dimming memory of the past. 
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SUMMARY:  In his film “Secret Beyond the Door” (1947), German director Fritz Lang 
introduced the symbolic concept of “felicitous room” developed by a character who is an 
architect exploring a thesis according to which the way a place is designed determines what 
happens in it. Appropriating the concept of “felicitous room”, this paper intends to problematize 
the earlier collective work of artist Querubim Lapa and architect Francisco da Conceição Silva, 
especially addressing the case of Rampa, a store in the centre of Lisbon, and the “felicitous” 
story of its doorframe, designed in 1956. 
 
KEY-WORDS: Modern ceramic, Querubim Lapa, Felicitous room, Modernism, Conceição Silva 
 
 

A “FELICITOUS ROOM” 
In his American classic film noir “Secret Beyond the Door” (1947) (Figure 1), German director 
Fritz Lang (1890-1976) introduced the symbolic concept of “felicitous room” developed by a 
character who is an architect that publishes a magazine on Modern architecture, where he explores 
the thesis according to which the way a place is designed determines what happens in it, such as 
a certain church building where miracles usually happen. 
Appropriating the concept of “felicitous room”, this paper intends to problematize the earlier 
collective work of Querubim Lapa (1925-2016) and Francisco da Conceição Silva (1922-1982), 
especially addressing the case of Rampa, a three floor store in the centre of Lisbon, designed in 
1956, to sell fashion, art and design items.  
 

 
Figure: Film stills from “Secret Beyond the Door”, Fritz Lang, 1947 
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When the artist meets the architect 
In the 1950s and 1960s of the 20th century, architecture was by and large perceived as a means 
of transforming the world and social organizations, a legacy of the period between the wars, and 
which was restored after the end of World War II. The need for reconstruction of European cities 
and the implementation of the Marshall Plan would create numerous opportunities for the 
restoration and construction of new buildings. In addition, it strengthened both the economy and 
the private sector. There was also the growth of investment in the development of the colonized 
countries, where the latest urban and architectural proposals gave rise to innovative equipment. 
That was the time of the re-emergence of the integration of arts into architecture, endowing the 
functionalism of new requirements of comfort with the new consumer needs. 
Karl Badberger (1888-19?), the German architect responsible for the reconstruction plans of West 
Germany, leading the Bundesbaudirektion (Federal Building Authority) in Bonn, after World 
War II, stated in “Planen und Bauen im Neuen Deutschland”, 1960: "the starting point to know 
if the work of art in the building only features decorative value or tectonic function is by checking 
whether the work of art or architecture can exist without each other. (...) Moreover, it is not 
enough for the artist to achieve this capacity of integration in architecture. The architect also 
needs a comprehensive understanding of the possibilities of the sister arts. (...) The need to 
employ the embellishing hand of the artist has become, as the war gets more distant in time, to 
be imperative once again. Architecture has conjured forms through materials and their use that 
have deserved general approval, in such way that the arts, to whom they served, also received 
guidelines and spirit. Besides that, a certain ease for each art has become predictable. Whilst there 
was no money for bread, neither there was money for butter.” (1) 
Finally, when money for butter did turn up, it proved necessary to implement new work 
methodologies by defining the place and role assigned to various arts from the beginning of each 
project. Architects and artists worked together sharing a common goal and collaborated on 
solutions that served common interests. As a general rule, architecture offices were responsible 
for the invitation and integration of artists within work teams. In that context, Querubim Lapa 
was to begin an extensive ceramic work, by distinguishing himself as one of the artists who best 
knew how to understand the principles of integration of arts in architecture.  
In Portugal, after the end of World War II, the Estado Novo autocracy reorganized itself. There 
arose reformist currents inside the regime, despite the outpouring of support for Oliveira Salazar 
(1889-1970) that took place in May 1945 at Terreiro do Paço, Lisbon. The national artistic 
production was split in two, between a strongly politicized Neo-realism and an iconoclast 
Surrealism, both of them in opposition to the regime. In July 1946, at the initiative by MUD 
(Movimento de Unidade Democrática - The Democratic Unity Movement), the first Exposição 
Geral de Artes Plásticas (General Fine Arts Exhibition) took place and shook the press that 
supported the political governmental forces. The new exhibition formula with no jury and no 
prize, would be held annually in the halls of the National Society of Fine Arts, until 1956. 
Conceição Silva was involved in the organization of the General Fine Arts Exhibitions since the 
beginning, when he was still an architecture student. There he showed his work and helped to 
promote the work of other young fellow architects and artists. By 1954, when Conceição Silva 
finally was appointed for the National Society of Fine Arts board of direction, the General Fine 
Arts Exhibition had already achieved a prominent status in the opposition to the regime. 
Querubim Lapa, with a background in sculpture and painting, began his career in the mid-1940s, 
inside the Neo-Realist movement. The artist made the first contact with Neo-Realist work when 
he was still a student. The opposition to the Salazar regime was evidenced especially in the choice 
of themes and in the refusal of the so-called official art, which was supported by SNI (2) and 
directly associated with the first generation of the Portuguese Modernism (3). In 1945, along with 
Pedro Oom (1926-1974) and Julio Galvez (1924-2004), Querubim exhibited sketches and 
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watercolours for the first time at the Institute of Italian Culture. Oom took on denouncing social 
inequalities through his sketches, what contributed to rekindle Querubim’s awareness, who in the 
following year would develop the series of sketches called “Mendigos” (Beggars) and where he 
assumed unequivocally the Neo-Realistic expression. At the same time, in order to acquire 
economic independence, Querubim accepted the invitation to work with the sculptor Joaquim 
Martins Correia (1910-1999), who had appealed for an assistant to help in strenuous tasks, such 
as assemblage and filling of moulds. Martins Correia’s workshop would truly become a school 
where Querubim learned about sculpture and received a cultural education. It was also there that, 
at an early age, he would have the privilege of meeting outstanding personalities in different 
artistic areas, such as the painters Louis Dourdil (1914-1989) and Hansi Staël (1913-1961), the 
writers Natália Correia (1923-1993) and Ruben A. (1920-1975), among many others who came 
around the workshop. 
In 1947, Querubim Lapa joined the Sculpture course at the Lisbon School of Fine Arts (he would 
also complete the Painting course in 1978) and shared then a studio on Garrett Street with the 
painters António Ayres (1929-1951) and Daciano Costa (1930-2005) (4).  In that same year, he 
took part in the twelfth Exhibition of Modern Art organized by SNI, an institution with which 
Querubim would not come to cooperate again, thereby strengthening his antagonism towards the 
regime's policies. Instead, he participated in the General Fine Arts Exhibition for the first time 
during its Fifth Edition, in 1950, the year he painted “Espelho Partido” (The Broken Mirror), a 
painting that would be later acquired by the National Museum of Contemporary Art. Querubim 
was to keep on participating regularly in future editions of the event. In 1953, when he completed 
the Fine Arts course, his work seemed pretty much prepared for a new direction. The following 
was written in the “Arquitectura” magazine about the works exhibited at the 7th General Fine 
Arts Exhibition: "(...) Querubim Lapa’s painting is exquisitely decorative; it pays attention down 
to the smallest detail, served by a resourceful technique that is both cerebral and static. In the 
context of concerns, it leads to architecture and to the rediscovery of the wall cloth – the goal of 
much of the contemporary painting. "(5). The text foresaw future transformations in the work of 
the artist by rediscovering the wall cloth and the approach to the architectural scale, a path he 
metamorphosed in ceramics shortly after. Querubim began his ceramic work through the contact 
with architects that participated in the General Fine Arts Exhibition. Solid friendships ensued 
from that coexistence and allowed him to create a network of contacts that broadened the 
development of an unprecedented collaborative work in Portuguese architecture. Starting with 
Raul Chorão Ramalho (1914-2002) and Artur Pires Martins (1914-2000), it was with Conceição 
Silva he was able to achieve more profound and rewarding results, creating such a unity that “the 
work of art or architecture can’t exist without each other”. 
Querubim started his collaboration with the architect in 1955 by designing the tile patterns for 
the facade of Armazéns do Minho (Minho’s department store) (6) (Figure 2), in Moçâmedes 
(present-day Namibe), Angola. The design of the composition was based on a set of curvilinear 
forms, introducing dynamics in an orthogonal facade layout.  
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Figure 2: Armazéns do Minho (Minho’s department store), Angola, 1955. Photograph CEQL. 

The following year, Querubim strengthened the cooperation with Conceição Silva by conceiving 
the Rampa store’s doorframe, his first three-dimensional ceramics project for architecture and a 
structural element to the facade. 

RAMPA and its doorframe 
The modern spirit found a breathing space in Europe, USA and Japan, after World War II. The 
beginning of the second half of the century proved to be a golden time for the ceramic industry 
and for exclusive pieces bolstered by the opening and growth of international markets. By 1946, 
Pablo Picasso (1881-1973) had already carried out the first experiments at the Madoura ceramic 
workshop, in the South of France, and legitimized ceramics as an ultimate expression. In Portugal, 
artists José Ernesto de Sousa (1921-1988) and António Quadros (1933-1994) played a key role 
in the dissemination of the folk arts by stating the grounds for their influences on the fine arts. 
Thanks to them, the potter Rosa Ramalho (1888-1977) acquired national visibility, as the 
expression of the figuration from the Barcelos region (Figure 3). 
 

 
Figure 3: Rosa Ramalho’s picture and Barcelos pottery near Querubim Lapa’s pieces in his 

workshop at Viúva Lamego factory, c. 1962. Photograph CEQL. 
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Jorge Barradas (1894-1971), a pioneer in exclusive ceramic pieces, was the first one to capitalize 
on that opportunity and redesigned his whole artistic production from the first half of the 1940s, 
leading the way for younger artists. When Chorão Ramalho introduced Querubim Lapa to the 
Viúva Lamego factory it already housed private workshops of two ceramic artists, Barradas and 
Manuel Cargaleiro (b. 1927). The factory was founded in 1849 and enjoyed a long tradition in 
Portuguese tile making, including large commissions for architecture. Querubim was to execute 
several small jobs in Viúva Lamego’s painting studios and Eduardo Leite da Silva, one of the 
owners and manager of the factory, recognized his qualities and work aptitude and invited him to 
occupy a private studio, thus adapting an old warehouse space for that purpose, where Querubim 
would end up working many years, and where he studied and experimented in ceramics, painting 
on tiles and creating large-scale works. Leite da Silva had been a respected tile painter in his 
youth and was one who contributed the most to the renewal of ceramics in Portugal, mainly by 
supporting, welcoming and granting the ceramists a place to work.  
The reasons Barradas, who was a master designer and illustrator, took an interest in pottery would 
be the same that led many other artists to do so later. The art market in Portugal was a precarious 
one and was dominated by the Central Government’s commissions through SNI, or restricted to 
the requirements imposed by the domestic interiors of an uninformed high bourgeoisie, also 
unable to understand modern tendencies. Thus, many artists would devote themselves to the 
applied and decorative arts by drawing objects, furniture, tapestries and ceramic panels. The 
exclusive ceramics came in some way to serve the demands of the market, which was in need of 
decorative, colourful and modern objects that were accessible to the middle and upper-middle 
classes. However, that activity also catered to the survival of artists, who sold small pottery items 
that were more easily acquired than works of larger scale and modern content, like paintings or 
sculptures. 
That made way to the emergence of a group of new ceramists, who would end up exhibiting 
works, especially in initiatives organized by SNI, or in small galleries such as Diário de Notícias 
or Pórtico. In line with a consolidated practice since the 1920s, artists exhibited their work at non-
specialized sites, thus the near absence of galleries. During the 1930s, the UP Gallery, established 
by António Pedro (1909-1966) and Tom – Thomaz de Mello (1906-1990) became the first 
commercial gallery geared towards works of art and exclusive designs. Several shops of interior 
decoration and furniture stores were also to join this purpose, by extending it to industrial design 
in the mid-1960s. 
In that context, in 1956 the Rampa store opened as a project by Conceição Silva, dated 1955 (7), 
that utilized an old garage in the Largo Rafael Bordallo Pinheiro, at n.13 - 15. The identity of the 
space was defined by a helical ramp as a key element of the composition that connected the store’s 
three floors, very reminiscent of Italian modern eccentric architecture (Figure 4c).  The facade, 
breaking away from the Pombaline-style design, opened to the outside in a burst of modernity by 
featuring a large glass area, into which the door was framed (Figure 4a). Rampa’s doorframe, a 
reinforced concrete structure covered with ceramic tiles designed and painted by Querubim Lapa, 
conceived to sustain an all-glass façade (Figure 4b), became a key architectural element of the 
Modern Movement in Portugal, both in a historic and symbolic way. It was the single solid visual 
element in the composition and the ceramic tiles contained figuration allusive to the context such 
as two female full-body images that were placed on each side of the frame as a reinterpretation 
of Figuras de Convite (8) (Welcoming Figures) receiving visitors (Figure 5). The doorframe, in 
apparent suspension given the immateriality of the glass, allowed one to see it from every angle 
like a freestanding element. The door handles were made of ceramic plates with a stylized 
representation of hands (Figure 6) (9). They were suspended in the transparency of the glass, as 
they greeted the person who was grasping them. 
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Figure 4: The Rampa store, Lisbon, 1956. Photograph Estúdio Novais, 1956, Calouste 
Gulbenkian Foundation. 

 
a b c 

Figure 5: The doorframe of the Rampa store. a) and b) photograph José Manuel Fernandes 
architect, 1980; c) detail from the doorframe of the Rampa store. Photograph Rita Gomes 

Ferrão, 2015. 
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Figure 6: Door handles of the R:pa store. Photograph Ana Lopes de Almeida, 1980, Calouste 

Gulbenkian Foundation. 

 

 
Figure 7: Detail from The Girls panel of Campolide Primary School, 1956. Photograph Rita 

Gomes Fer:o, 2014. 

Following an approach similar to the one seen on the Campolide Primary School’s panels (Figure 
7) (a project of the same year by architect Pires Martins) (10), although with higher chromatic 
density, one could identify vegetable and animal elements, in particular birds (Figure 8b-c) and 
fish. Without forgetting the ironic remark of the old saying “In life big fish eat little fish” (Figure 
8a), a subject Querubim exhibited for the first time in a painting shown at the Voz do Operário 
Fine Arts Exhibition, in 1953. That theme would become a recurring presence in his future 
production. It illustrated a Latin proverb making reference to injustice in an absurd world where 
the strongest insistently feed on the weak. The theme appears in 1556 in a drawing by Pieter 
Bruegel, The Elder (c. 1525-1569), inherited from the Hieronymus Bosch’s (c. 1450-1516), “The 
Temptation of Saint Anthony” (c. 1495-1500). His concerns about social injustice were to prevail 
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in Querubim’s work, however, his language acquired symbolic universal outlines, moving away 
from the illustrative qualities featured in the Neo-Realist painting. 
 

   
a b c 

Figure 8: Details from the doorframe of the Rampa store. Photograph Rita Gomes Ferrão, 
2015. 

The Rampa store and its doorframe would be immortalized in “Verdes Anos” (1963), filmed by 
Director Paulo Rocha (1935-2012), in the inaugural movie of the Portuguese Cinema Novo 
movement. The modern architecture framed the protagonists, who were shown visiting the store 
and looking closely at the doorframe (Figure 9). It was an image of the new city, now long gone 
and destroyed by time. Notwithstanding it was saved by the cinema, albeit in black and white.  
 

 

 
Figure 9: Film stills from “Verdes Anos”, Paulo Rocha, 1963. 

Initially intended for selling articles for men, women and children, the Rampa store would also 
be committed to the exhibition and sale of art work, furniture and exclusive designs. The store 
was under the guidance of Conceição Silva, who was attentive to the trends of the international 
market and worked closely with Aníbal Camacho Ribeiro, the owner of the establishment. The 
Rampa would exhibit works by various artists such as the editions of the Cooperativa Gravura; 
furniture designed by Conceição Silva, some of it integrating paintings by Sá Nogueira (1921-
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2002) (Figure 10b); manufactured glass made in Marinha Grande by Júlio Pomar (1926-2018), 
Alice Jorge (1924-2008), Hansi Staël (1913-1961) (11) and Carmo Valente (1930-2011); 
paintings by Sá Nogueira, João Hogan (1914-1988), Lima de Freitas (1927-1998), Carlos Calvet 
(1928-2014) and Nikias Skapinakis (n.1931) (Figure 10b); ceramics (Figure 10a) by Júlio Pomar, 
Alice Jorge, Bartolomeu Cid dos Santos (1931–2008), Manuel Cargaleiro (b. 1927), Querubim 
Lapa and Cecília de Sousa (b. 1937), who held there her first solo exhibition in 1957(12). Many 
other exclusive designs could be found in Rampa, as Conceição Silva was in charge of contacting 
the artists and always had new ideas to propose. 
 

 
a 
 

 
b 

 
c 

Figure 10: Interiors of the Rampa store, showing ceramics, glass, painting and furniture, 
1956. Photograph Estúdio Novais, Atelier Conceição Silva’s archive. 
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Confirming his desire to stimulate the creation of an internal market for art and design objects the 
architect suggested that Querubim Lapa should create a number of ceramic pieces intended to be 
exhibited there. Primarily of anthropomorphic and zoomorphic characters, those objects 
constituted a body of ground-breaking work by reinventing the traditional utilitarian ceramics. 
Especially the jugs (Figure 11), reckoned as a revisit to Rafael Bordallo Pinheiro’s (1846-1905) 
caricature pieces; for instance, the “Cabeça de Chinês” (Chinese Head) and the “Toureiro” 
(Bullfighter) teapots; as well as the British Toby Jugs. That production was divided into three 
types: exclusive design wheel-thrown ceramics by the potters José Sanches and his son Ricardo 
Sanches at the Viúva Lamego factory, manipulated and painted by the artist; cast pieces from the 
author’s original models and others from the factory catalogue, both painted by the artist. Later, 
in 1960, Querubim Lapa held his first solo exhibition featuring painting, printmaking and 
ceramics at the Cooperativa Gravura headquarters (Figure 12). Once more, the role of Conceição 
Silva was fundamental, by visiting the exhibition with the José Azeredo Perdigão (1896-1993), 
President of the Gulbenkian Foundation, he ensured some of the pieces were acquired to the 
Foundation collections and Perdigão’s family. 
 

 
Figure 11: Jugs, Querubim Lapa, 1956. Photograph Nuno Lopes Cardoso, 2015. 

 

 
Figure 12: Francisco da Conceição Silva, Querubim Lapa and José Azeredo Perdigão at the 
artist’s solo exhibition in the Cooperativa Gravura headquarters, 1960. Photograph CEQL. 

356 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



Rampa can be considered a “felicitous room” in the sense it was designed not only to fulfil a need 
but also to fulfil the dream of building modernity, a place where art, design and architecture could 
be shown together as complementary languages that could not exist one without each other. 
Conceição Silva conceived the store as an experimental space, creating a dynamic and playful 
architecture that broke the rules of the past, the tradition of late eighteenth century Lisbon, and 
opened to the exterior without concealing anything. Apparently, there was no secret beyond the 
door, only an inviting new world. 
Like in the church mentioned in Fritz Lang's movie, a generation of artists and designers believed 
a “miracle” could be performed inside the Rampa store, the “miracle” of Modernism. This believe 
was empowered by the way the transparent facade was designed, as the doorframe worked like a 
portal between the common world and what was perceived to be a promise of a better future. In 
Medieval churches the profane world is separated from the sacred world by the portico which, 
both in Romanic and Gothic temples, is an element full of information, preparing the believer to 
what he is going to encounter inside. The Rampa’s doorframe symbolically works in the same 
way, as if the store was a temple for the believers in modernity. 
As the faith in modernity faded away, Rampa submerged into slow decadence. After the political 
changes occurred in 1974, Conceição Silva moved his studio to Brazil where he started a new 
life. With the awake of the post-modern era and the real estate speculation, Rampa could not resist 
and was demolished in 1980, in spite several efforts to save it. By the end of that year an auction 
was held (Figure 14) that included all the furniture and several artworks: a large piece in 
hammered copper that used to top the fireplace (Figure 10c), by Jorge de Almeida Monteiro 
(1908-1983); a chandelier in the shape of a merry-go-round that was part of the children section 
(Figure 13), by António Alfredo (1932-2000); and, of course, the doorframe by Querubim Lapa.  
 

 
Figure 13: The Rampa store children’s section, 1956. Photograph Estúdio Novais, Atelier 

Conceição Silva’s archive. 

The iconic piece did not meet a buyer but found a savior, as it was taken away before destruction. 
Vanished for thirty-five years, the doorframe was forgotten and only Querubim still believed that 
it was in a safe place. In 2015, when we were preparing an anthological exhibition of Querubim’s 
early work, many of it originally shown at Rampa, the doorframe was found in an old garage. 
The years had not been generous to it; it was in very poor condition and needed deep restoration. 
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Figure 14: The Rampa store auction announcement. Photograph José Manuel Fernandes 

architect, 1980.  

After suffering a conservation intervention (Figure 15) supervised by the artist, Rampa’s 
doorframe was finally exhibited, in October 2015, recovering its portal quality, as it was capable 
of opening an entrance to a long lost era. The exhibition “Querubim Lapa: Primeira Obra 
Cerâmica, 1954-1974” (Querubim Lapa: Early Ceramic Work, 1954-1974), held at Objectismo 
gallery (Figure 16), Lisbon, created the possibility for the piece to be acquired, however there 
was no private or public institution interested in buying it. Although some museums declared 
interest, they did not have the needed financial means to acquire the piece so, as soon as the 
exhibition closed, back to the old garage it went, much to the frustration of the artist, who hoped 
for the recognition of his artwork; of the curator (13), who knew the historical importance of the 
piece and longed for it to belong to a public collection; and of the gallerist, who was not able to 
recover his investment.  
 

 

 
Figure 15: Querubim Lapa and aspects of the conservation intervention in the Rampa store 

doorframe by Oficina do Castelo, 2015. Photographs Oficina do Castelo. 
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In 2018, Objectismo gallery insisted on showing the Rampa’s doorframe again, at Feira de Arte 
e Antiguidades de Lisboa (Lisbon Art and Antiques Fair), this time the press took notice of the 
situation (14) elevating the pressure on public institutions. Finally, MUDE – Museu do Design e 
da Moda (MUDE – Design and Fashion Museum), was able to reunite the necessary means to 
acquired the doorframe and is currently planning its integration in the museum architecture 
promoting a permanent display (15). 
 

 
Figure 16 : Querubim Lapa and the Rampa store doorframe at Objectismo gallery, 2015. 

Photograph Rita Gomes Ferrão. 

Unfortunately, Querubim Lapa, deceased in 2016, no longer could testify the entering of his first 
tridimensional piece for architecture on a public museum collection, but the power of his artwork 
remains. 
Like the “felicitous rooms” collected by the architect in Fritz Lang’s movie, Rampa had a tragic 
fate, only to be rehabilitated by the permanence of its doorframe working as a memory trigger. 
Today, when the history of Portuguese Modernism after World War II is still being made, and 
there is a growing interest for mid-century modern design, we can only imagine how rewarding 
it would be if the Rampa store was still there, fulfilling its function not only as a store but 
especially as gem of Modernism.   

Notes 
1 - In Binário: arquitectura construção equipamento, n.29, Lisboa, February, 1961, p.85. 
2 - The SPN (Secretariat of National Propaganda), created in 1933, was the public body 
responsible for political propaganda, information, media, tourism, and cultural action, during the 
Estado Novo regime in Portugal. After World War II it was designated SNI (Serviço National de 
Informação - National Information Secretariat for Popular Culture and Tourism). In 1968 it was 
once again renamed to SEIT (Secretaria de Estado da Informação e Turismo - Secretariat of State 
Information and Tourism), having been extinguished on April 25, 1974.  
3 - Refer to FRANÇA, José Augusto – Arte em Portugal no Século XX. Lisboa, Livraria Bertrand, 
1974. 
4 - During that time, at the beginning of his professional career, the Portuguese designer Daciano 
Costa used the name Daciano Henrique to sign many of his paintings. 
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5 - In Revista Arquitectura. N. 29, 2ª série, Ano XXV, Lisboa, October, 1953, p.18. 
6 - The building was demolished. 
7- Refer to PEREIRA, Michel Toussaint Alves – Francisco da Conceição Silva Arquitecto 1922-
1982. Lisboa, SNBA, 1987. p.34-35 
8- Welcoming Figures are typical of Portuguese tiles, since the 18th century. Conceived on a 
natural scale, they usually represented servants, warriors or ladies, placed in entrances or steps of 
stairs, where they received visitors with a look or gesture that indicated the way, inviting them 
in.  
9 - The door handles are lost until today. 
10 - Refer to HENRIQUES, Paulo; MECO, José; PEREIRA, João Castel-Branco - Querubim, 
obra cerâmica, 1954-1994. Lisboa, Sociedade Lisboa 94; Milão, Electa, 1994. HENRIQUES, 
Paulo; MECO, José; PORFÍRIO, Luís; SANTOS, Rui Afonso - Cerâmicas: Querubim Lapa. 
Lisboa, Inapa, 2001. p.14. 
11 - Refer to SANTOS, Armando Vieira – A propósito de uma exposição de vidros de Júlio 
Pomar e Alice Jorge. Comércio do Porto, 11 Dez, p.5 and LEAL, João – Exposição de Vidros. 
Lisboa, Arquitectura, n.57-58, Jan-Fev, 1957. 
12 - Refer to HENRIQUES, Paulo; CALADO, Rafael Salinas; SOBREIRO, Rita – A minha 
segunda casa… Cecília de Sousa: obra cerâmica 1954-2004. Lisboa, Museu Nacional do 
Azulejo, 2004. p.12.  
1 3- The curator of the exhibition was Rita Gomes Ferrão, author of this essay and of the book 
Querubim Lapa: Primeira Obra Cerâmica 1954-1974. Lisboa, Objectismo, 2015, published at 
the occasion. 
14 - Refer to HORTA, Bruno - Museus públicos não quiseram obra de Querubim Lapa que está 
à venda por 35 mil euros. Observador, 19 Apr. 2018. 16:13h 
15 - Refer to Museu do Design adquiriu pórtico de Querubim Lapa criado para a Loja Rampa. 
Diário de Notícias, 2 Oct. 2018. 17:56h 
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SUMMARY:  A set of 14 archaeological ceramics, including tin-lead glazed, micaceous and 
“Duque de la Victoria” type ceramics, from 15th-16th centuries recovered from the rests of the 
goldsmithing workshop beneath the Church of La Concepción (Zamora, Spain) was 
archaeometrically characterized by Inductively Coupled Plasma Mass Spectrometry (ICP-MS), 
X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). Ceramic provenance has 
been established as being mainly from local origin with some examples from other regional 
production centers. 
RESUMEN: Se ha caracterizado arqueométricamente una colección de cerámicas arqueológicas 
compuesta de mayólicas, micáceas y una del tipo “Duque de la Victoria” de los siglos XV-XVI 
recuperada de los restos de un taller de orfebrería que se encontraban debajo de la Iglesia de 
Nuestra Señora de La Concepción de Zamora. La caracterización se ha llevado a cabo mediante 
Espectrometría de Masas por Plasma Acoplado Inductivamente (ICP-MS), Difracción de Rayos 
X (DRX) y el Microscopio Electrónico de Barrido (MEB). La proveniencia de las cerámicas se 
ha establecido siendo mayoritariamente de origen local con algunos ejemplos de otros centros 
productores de la región. 
 
KEY-WORDS: pottery, glaze, chemical analysis, mineralogical analysis, post-medieval 
 
 

INTRODUCTION 
Among the manufactures the human being has been creating throughout the History, pottery has 
occupied a prominent role. In the late Middle Ages and Modern era, this pre-industrial activity 
was an important craft occupation and usually professionally regulated by the guilds [1-2]. In 
many medieval and early modern era cities, were local potters who satisfied principally the basic 
needs related to cooking and food consumption as well as buildings materials in a local market 
context, although regional trade networks were also of relevance in terms of pottery consumption 
[3]. 
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The city of Zamora lies in the north-western area of the Iberian Peninsula, belonging to the 
province of Zamora, which borders León from the north, Valladolid from the east, Salamanca 
from the south and Orense and Portugal from the west (Figure 1). The potting tradition in the city 
of Zamora runs since immemorial times until present days. Besides, post-medieval pottery from 
Zamora keeps a strong tie with late medieval Castilian ceramic tradition, specifically in relation 
to typologies. Thus, Zamoran pottery often shows open typologies, like plates and porringers, as 
well as closed ones, like jars and cooking pots [4]. 
 

 
Figure 1: The position of Zamora in the map. 

During the past two decades, numerous excavations have been conducted in the city of Zamora. 
To name some of them, two were carried out at the places corresponding nowadays to the 
Provincial Historical Archive [5-6] and the Public Library of the State [6-7], another at the 
Ethnographic Museum [7] and the last at the area known as Olivares [6-8]. In the same site, where 
nowadays lies the Provincial Historical Archive, there was an old convent called Convento de 
Nuestra Señora de La Concepción, while in the adjacent plot, where the Public Library of the 
State was constructed, there was the church known as Iglesia de Nuestra Señora de La 
Concepción [6-8]. Although these two ancient buildings were rehabilitated and partially 
demolished for building up the new public edifices while keeping some parts of the facades, 
fortunately these construction fever enabled the archaeological works that revealed a piece of 
Zamoran history. Thanks to these archaeological interventions, the different phases of occupation 
that have undergone the old convent and church have been studied [5-7]. In 1626, the religious 
community of the Conceptionists moved to the buildings known as Casas de Gonzalo de Valencia 
in the Claudio Moyano square, in the heart of the downtown area, which would be the Convent 
of La Concepción and their home for the next two centuries. Later on, the construction of the 
church started in 1672 and lasted until 1676 [6]. In 1837, the Conceptionists were forced to leave 
as a result of a general confiscation ordered by the Spanish government, known as Mendizabal’s 
confiscation, and these two buildings passed to the property of the state [6]. Moreover, 
archaeological works also shed light on the existance of evidences from earlier dates beneath the 
church. On the one hand, numerous holes stuffed with medieval hispanomuslim ceramics from 
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the ages and dated before the 13th century were documented [7]; and on the other hand, evidences 
of a goldsmithing workshop that was active between 13th and 16th centuries were also found [6]. 
In the course of these fieldworks an important set of archaeological materials, including an 
important set of ceramics, has been recovered. These remains, accompanied by the available 
documentation, the analysis of the stratigraphic secuence, and its study, have allowed the 
archaeologists to be capable of  dating the different structures appeared beneath the convent and 
the church as belonging to the period between the late Middle Ages and the Modern Ages [6-7]. 
Those ceramic vessels unearthed at the goldsmithing workshop remains can be subdivided in two 
groups: glazed and unglazed ceramics. Among the last ones, common and micaceous types, 
which constitute the majority amongst the unglazed pottery found, are distinguished [7]. When it 
comes to the glazed ones, although in general they show similar stylistic attributes to those from 
Valladolid [7], the origin may be attributed to Valencian area (Manises, Valencia) according to 
stylistic features and chronology [7]. This fact may confirm the existence of a comercial exchange 
network between Zamora and Valencia during late Medieval times [7]. Another typology of the 
pottery identified is the so-called Duque de la Victoria type. This name corresponds to the 
homonimous street in Valladolid where some pottery workshops were found and dated back to 
the late Medieval period as well. Six fragments of this type have been recovered in the 
goldsmithing workshop area, and are characterized by a red slip that gives them a characteristic 
brightness [7]. 
As regards the archaeometrical state-of-the-art on the ceramic materials from Zamora, few studies 
have been carried out. Among them, it has to be highlighted the ethnoarchaeometrical 
investigation about the cooking pot production of Pereruela, a small village near Zamora and 
famous by its cooking pot productions. In this study, contemporary production and clay supply 
from a complex geological context was assessed, revealing a very complex chemical fingerprint 
according to different family recipes in the village [9]. Another relevant study is the one carried 
out by Iñañez and collaborators [10] who characterized the ceramics recovered in the old 
workshops of the area known as Olivares in the city of Zamora. In this study, authors identified 
three different chemical groups and their fabrics related to the ceramic production of Olivares 
(Table 1) [10]. Along these lines, a fabric is the final result that reaches the paste, after completing 
the technological process of the fabrication of the ceramics [11], which can be observed by the 
array of mineralogical composition and paste textures. 

Table 1: Summary of the groups and fabrics previously identified in the site of Olivares  

GROUP SITE TYPOLOGY FABRICS 

Z-1 OLIVARES Unglazed, glazed failures, tin-
lead glazed, honey-glazed F-I, F-II 

Z-2 OLIVARES Micaceous, micaceous glazed, 
micaceous honey-glazed F-I, F-II 

Z-3 OLIVARES  Unglazed, tin-lead glazed F-I, F-IIa / F-IIb, 
F-III, F-VI 

 
So as to fill the existing lack of information, the purpose of this work not only is to characterize 
the pottery from the archaeological site of the Church of La Concepción and the prior 
goldsmithing workshop, but also to assess the provenance of local or regional origin of the 
ceramics, shedding light on the regional trade and local consumption patterns.  
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ANALYTICAL METHODOLOGY 
A set of 14 archaeological ceramics, including tin-lead glazed, micaceous and Duque de la 
Victoria type ceramics from 15th-16th centuries recovered from the remains of the goldsmithing 
workshop beneath the Church of La Concepción (Zamora, Spain) was archaeometrically 
characterized. Among them, 7 are tin-lead glazed ceramics: 2 are decorated with blue motives, 
one with green and brown and the last one with black and green motives. Another 6 are 
micaceous, and the last one is a fragment of Duque de la Victoria type (Figure 2 and Table 2). 
Ceramics were analyzed by means of Inductively Coupled Plasma Mass Spectrometry (ICP-MS), 
X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). 

Table 2: Anids, typologies and decorations of the 14 ceramics from the Church of La 
Concepción. 

ANID TYPOLOGY DECORATION 
ZMR037 Micaceous Undecorated 
ZMR038 Micaceous Undecorated 
ZMR039 Micaceous Undecorated 
ZMR040 Tin-lead glazed Undecorated 
ZMR041 Tin-lead glazed Undecorated 
ZMR042 Micaceous Undecorated 
ZMR043 Micaceous Undecorated 
ZMR044 Micaceous Undecorated 
ZMR045 Tin-lead glazed Green and black on white 
ZMR046 Tin-lead glazed Blue and white 
ZMR047 Tin-lead glazed Blue and white 
ZMR048 Tin-lead glazed Green and brown on white 
ZMR049 Tin-lead glazed Undecorated 
ZMR050 Duque de la Victoria Undecorated 
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Figure 2: The set of 14 archaeological ceramics. 

Chemical analysis procedure by ICP-MS 
In the present study, ~10 g of each collected ceramic was powdered using a Herzog HSM 100 
pulverizer milling machine equipped with tungsten carbide twin eccentric disks for 30s 
(HERZOG Automation Corp.). Prior to grinding, glazes and exterior surfaces were mechanically 
removed by means of a tungsten carbide abrading tool, leaving only the inner part of the ceramic 
for analysis. This step served to minimize contamination of the ceramic matrix by glaze and soil. 
Powdered specimens were stored in polyethylene vials for transport to the laboratory. 
Sample manipulation and ICP-MS analysis were carried out in a clean laboratory. Commercial 
reagents (Merck Pro Analysi hydrofluoric acid 50.2% and nitric acid 69.8%) were purified in a 
clean room by sub-boiling quartz-distillation (HNO3) and Teflon bottle-distillation (HF). 
Ultrapure water (resistivity ≥ 18.2 MΩ) was obtained by a MilliQ water purification system 
(Millipore) and polishing by reverse osmosis (Nanopure Barnstead). The flux agent was LiBO2 
(Anhydrous, For Analysis Grade Pure) of Corporation Scientifique Claisse, with solution of 50% 
LiBr (Merck Suprapur) in deionized water used as antiadherent. Certified Reference Materials 
(CRM) of geological nature were obtained from the Geological Surveys of Japan: andesite JA2, 
granodiorite JG-1a, granite JG-2, and basalt JB-3. 
The solutions of unknown samples and Certified Reference Materials for external calibration, 
validation of the method and preparation of procedural blanks were obtained by alkaline fusion 
with LiBO2 in Pt–Au crucibles, followed by acid dissolution of the melt. The fusion process is as 
follows: 250 mg of sample and 500 mg of flux are put into the crucible with three to four drops 
of LiBr solution as non-wetting agent. The mixture is fused using a Claisse propane fusion 
instrument (Corporation Scientifique Claisse, Québec, Canada). The melted mixture is poured 
automatically onto a weighed polypropylene beaker containing 100 mL HNO3 1M, with a few 
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drops of HF to ensure stability of the HFSE. The acid solution is stirred ca. 10 min to ensure total 
dissolution [12]. This primary solution is diluted gravimetrically to ca. 1:200 in HNO3 1%. 
Trace element analysis was carried out with an Nexion 300 ICP/MS (PerkinElmer, Ontario, 
Canada), provided with a Oneneb pneumatic concentric nebulizer (Agilent), cyclonic spray 
chamber and standard nickel cones. Preparation of calibrants and analysis of samples were done 
inside a clean room (class 100). Argon (99.999%, Praxair, Spain) was used as carrier gas in the 
ICP/MS measurements. The concentrations of a wide range of analytes 27Al, 31P, 88Sr, 120Sn, 90Zr, 
93Nb, 133Cs, 137Ba, 139La, 140Ce, 141Pr, 142Nd, 147Sm, 153Eu, 158Gd, 159Tb, 164Dy, 165Ho, 166Er, 169Tm, 
174Tb, 175Lu, 180Hf, 181Ta, 206+207+208Pb, 232Th and 238U (Internal standards: In and Bi) were analyzed 
in standard mode; while 23Na, 24Mg, 28Si, 39K, 44Ca, 47Ti,51V,52Cr,55Mn,56Fe,59Co,60Ni, 63Cu and 
66Zn (Internal standard: In) were analyzed in collision mode with He as cell gas. 
The plasma operating conditions such as the nebulizer flow rate, the position of the torch and the 
ion lens voltages of the instrument were optimized everyday prior to any experiment with a 10 
ng/mL standard solution of Mg, Rh, In, Ba, Pb and U. The nebulizer gas-flow rate was optimized 
to obtain a good compromise between high sensitivity and low oxide levels (lower than 2.5% for 
CeO/Ce). Sample introduction and experimental conditions for the data acquisition of de ICP-
MS are collected in Table 3. 

Table 3: Sample introduction and experimental conditions for the data acquisition of the ICP-
MS. 

 
SAMPLE INTRODUCTION AND EXPERIMENTAL CONDITIONS 

 

 
Nebulizer gas flow 0.90-1.00 L/min 

 

 
Plasma gas flow 18 L/min 

 
 

Auxiliar gas flow 1.2 L/min 
 

 
RF power 1600 W 

 
 

Cell gas flow (He) 4.0 mL/min 
 

 
Dwell time 50 ms 

 
 

Integration time 1000 ms 
 

 
Sweeps  20 

 
 

Readings 1 
 

 
Replicates 3 

 

Mineralogical analysis procedure 
Powder ceramic samples were mineralogically characterized by powder X-ray diffraction (XRD), 
using a powder diffractometer PANalytical Xpert PRO that incorporates a copper tube 
(λCuKαmedia = 1.5418 Å, λCuKα1 = 1.54060 Å, λCuKα2 = 1.54439 Å), vertical goniometer 
(Bragg-Brentano geometry), programmable divergence aperture, automatic interchange of 
samples, graphite secondary monochromator and PixCel detector. 
The measurement conditions were 40 kV of voltage and a current of 40 mA, with an angular 
range (2θ) scanned between 5 and 70°. Mineral phases present in the samples were identified 
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using X'pert HighScore (PANalytical) software in combination with the powder diffraction file 
database PDF2 (International Centre for Diffraction Data – ICDD, Pennsylvania, USA). 

Scanning Electron Microscopy analysis procedure 
The SEM study was conducted on 4 glazed ceramics after being transversally cut, embebed in 
epoxy resin and metalographically polished. Samples were gold coated and examined under an 
EVO 40 Carl-Zeiss SEM coupled to an energy dispersive X-ray analyzer (EDS). Sample 
examination was conducted at 20 kV and a current of 500 mA under full vacuum conditions. The 
elemental composition of decorative coatings was determined by an electron dispersive 
spectrometry (EDS) analysis of areas corresponding to each color, using an X-Max (Oxford 
Instruments) equipment. The working distance ranged between 7.5 and 10.5 mm. The EDS 
spectra were acquired and treated using the INCA software (Oxford Instruments). 

RESULTS AND DISCUSSION 
The statistical analysis of the data followed Aitchison’s approach and Buxeda’s observations on 
compositional data [13-16]. The statistical procedure consists of the use of ratios of logarithms 
obtained by dividing all the components, in this case chemical components, by the component 
that introduces the lowest chemical variability to the entire set of specimens taking into 
consideration, overcoming the compositional data problem called “close to unit sum”, when data 
necessarily must sum 100%. Moreover, the use of logarithms compensates for differences in 
magnitudes between major elements, such as Al or Fe, and trace elements, such as the lanthanide 
or rare earth elements (e.g. La, Ce, Sm, etc.) and log-transformed data serve to make the 
distributions of geochemical data more nearly normal. Finally, the log ratio transformation also 
highlights possible perturbations in the chemical data as a result of diagenesis, contamination, or 
other alteration processes [16]. 
The data were examined using an array of multivariate statistical procedures. The application of 
multivariate statistical techniques to multielemental chemical data facilitates identification of 
compositional groups. Therefore, similarity of individuals, and subsequently their hypothetical 
provenance according to the provenance postulate [17], was tested using squared Euclidian 
distances. In order to assess the provenance of unknown samples from the Church of La 
Concepción, they were compared against well-known archaeometrical reference groups from the 
main productions of those from the site of Olivares, in the outskirts of the city of Zamora (Table 
1) [10]. Thus, Z-1, Z-2 and Z-3 are the groups defined in a previous study about the workshop of 
Olivares. On the one hand, Z-1 is mainly composed by glazed and glazed failures, as well as one 
majolica ceramic; on the other hand, Z-2 group is composed by micaceous ceramics. Finally, Z-
3 group is made out of tin-lead glazed ceramics, kiln failures and kiln furniture [10].  
Although sample preparation was conducted under great care to minimize the analytical error, 
the potential for contamination exists nonetheless and a conservative approach to data 
interpretation is warranted. Thus, Co was removed from consideration during the statistical 
treatment because cobalt is a known binder in the tungsten carbide cell used to grind the samples. 
Moreover, Pb and Sn were not used in the statistical treatment since these elements are major 
components of the glaze composition for tin-glazed and lead glazed wares. In addition, P2O5 was 
also neglected in statistical routines due to its high variability and potential as a key-role element 
in alteration processes in underwater environments [18-19]. 
The results are summarized in Figure 3, graphically displaying Hierarchical Cluster Analysis 
(HCA) that was performed by the squared Euclidian distance and the centroid algorithm using 
centered log-ratio transformation (CLR) on the CaO, Al2O3, Zr, Cs, Ba, Sr, La, Ce, Pr, Nd, Sm, 

367Full Articles

International Conference
Glazed Ceramics in Cultural HeritageGlazeArt 2018



Eu, Gd, Dy, Ho, Er, Tm, Lu, Hf, Ta, Th, MgO, SiO2, K2O, TiO2, V, Cr, Fe2O3, Ni, Yb, and Nb 
subcomposition and using the geometrical mean as divisor. 
Examination of the resulting dendrogram shows a clear 4-group structure that corresponds to the 
different productions identified in La Concepción and the Olivares productions already 
established (Figure 3).  

 
Figure 3: Statistical analysis (dendrogram) of the ICP-MS results. It shows a clear 4-group 

structure that corresponds to the different productions identified in La Concepción (Z-3 and Z-
4) and Olivares productions (Z-1, Z-2, Z-3) 
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Most of the groups show clear and defined cuts from the rest. Moreover, most of the samples 
belonging to a given cluster also exhibit a certain degree of homogeneity within their chemical 
composition, as can be observed by their fusion links, pointing to a similar composition. 
Interestingly, all of the tin-lead glazed ceramics unearthed at the Church of La Concepción 
(ZMR040, ZMR041, ZMR045, ZMR046, ZMR047, ZMR048 and ZMR049, which are labeled 
as “Concepción” in Figure 3) show a chemical fingerprint compatible with the already identified 
Z-3 group from Olivares workshops. In this way, the ceramics that form this group, are calcareous 
despite showing a broad range of CaO content, from 5.73 wt% to 19.38 wt% (Table 4). Thus, this 
amount of CaO, along with relatively low Fe2O3 content (mean 4.3 wt%), provides buff/pink 
color to the ceramic pastes in oxidizing firing conditions [20]. 
Furthermore, another set of ceramics has been identified into a new group called Z-4 (ZMR038, 
ZMR042, ZMR043 and ZMR044) all from the Church of La Concepción. All of them are 
unglazed and are, basically, cooking pots and serving vessels. Therefore, this group shows a non-
calcareous clay paste, with CaO amounts around 1.90 wt%. In addition, Z-4 group shows high 
amounts of Al2O3, clearly linked to the high quantity of phyllosilicates (e.g. mica) and due to its 
optimal technical properties for thermal shock resistance. 
Upon further examination, the dendrogram (Figure 3) also reveals the existence of three ceramics 
that do not match any of the paste reference groups identified in the workshop of Olivares nor La 
Concepción of the city of Zamora (ZMR037, ZMR039 and ZMR050). Two of these ceramics, 
ZMR037 and ZMR039, are of micaceous paste and, surprisingly, do not cluster together with Z-
4 group that is also micaceous. This fact is evidenced by their lower content on Al2O3 and, at the 
same time, higher amounts of CaO, Sr and MgO for the outlier ceramics (Table 4). Likely, this 
two ceramics belong to another ceramic production from the renowned vicinity potting villages 
in the region, like Pereruela or Muelas del Pan. Finally, ZMR050 is also not linked to any of the 
already established chemical groups in Zamora due to higher values mainly on Al2O3, Ba, Ce, Cr, 
La and Fe2O3, as well as much lower CaO amounts (Table 4). 
Mineralogically, ceramics from the Church of La Concepción of Zamora show two main different 
arrays of mineralogical distribution. Accordingly, there are two different types of pottery that, 
respectively, correspond to the two identified chemical groups in addition to the non-ascribed 
ceramics: calcareous majolica and non-calcareous (micaceous and non-majolica ceramics).  
Interestingly, exactly 50% of the ceramics are calcareous, showing more than 13% of CaO 
content in most of the cases (ZMR040, ZMR041, ZMR045, ZMR046, ZMR047, ZMR048 and 
ZMR049). Besides, all the calcareous ceramics from La Concepción belong to the already 
established Olivares Z-3 chemical group. Along these lines, in this latter study [10], four different 
fabrics were previously identified for Z-3 (F-I, F-IIa, F-IIb, F-III and F-VI). However, after the 
reevaluation of the whole Z-3 group after the inclusion of the new ceramics from La Concepción, 
in total six different fabrics were defined: F-I, F-IIa, F-IIb, F-III, F-IV, F-V and F-VI. However, 
F-I, F-III and F-VI show only ceramics from Olivares, while F-IV and F-V have only ceramics 
from La Concepción. Nevertheless, the fabric F-II includes ceramics from both sites (Table 5).  
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Table 4: Average values for Zamoran (the Church of La Concepción) chemical groups by ICP-
MS analysis. All values are expressed as ppm (µg·g-1) except oxides that are expressed as 

weight % (std stands for standard deviation and conc. for concentration). 
 

Z-3 (n=25) 
 

Z-4 (n=4) 
 

ZMR037 ZMR039 ZMR050  
mean std. 

 
mean std. 

 
conc. conc. conc. 

Al2O3 14.14 3.06 
 

24.67 2.10 
 

22.52 23.21 22.32 
Ba 386.25 69.18 

 
304.93 24.77 

 
291.25 458.94 605.83 

CaO 6.97 5.74 
 

1.90 0.90 
 

0.10 1.13 3.48 
Ce 71.70 12.49 

 
47.65 4.69 

 
92.42 82.15 94.81 

Cr 55.22 11.72 
 

21.80 0.95 
 

14.30 29.87 93.03 
Cs 8.02 3.14 

 
30.66 4.11 

 
10.85 10.90 9.87 

Dy 4.73 0.69 
 

5.68 0.72 
 

4.14 4.99 5.89 
Er 2.54 0.31 

 
3.07 0.32 

 
1.81 2.10 3.28 

Eu 1.31 0.30 
 

0.94 0.14 
 

1.95 1.93 1.91 
Fe2O3 4.30 0.72 

 
2.48 0.12 

 
2.12 2.85 7.47 

Gd 5.84 0.98 
 

5.68 0.66 
 

7.46 8.01 7.80 
Hf 5.45 1.62 

 
4.86 0.27 

 
2.85 3.19 4.46 

Ho 0.79 0.08 
 

0.93 0.13 
 

0.59 0.72 0.97 
K2O 2.91 0.83 

 
3.48 0.40 

 
2.12 2.80 5.38 

La 35.43 6.21 
 

22.72 2.94 
 

39.72 35.41 47.84 
Lu 0.35 0.07 

 
0.38 0.08 

 
0.13 0.14 0.38 

MgO 1.55 0.91 
 

0.89 0.11 
 

0.77 0.75 2.40 
Nb 2.30 5.37 

 
24.62 1.53 

 
14.54 15.25 21.56 

Nd 17.14 7.53 
 

22.25 3.06 
 

51.65 46.23 45.30 
Ni 34.95 8.15 

 
9.92 2.40 

 
6.62 9.80 40.74 

Pr 8.70 1.61 
 

5.67 0.68 
 

12.43 11.13 11.45 
SiO2 66.83 10.27 

 
67.64 6.56 

 
76.74 77.04 62.99 

Sm 6.93 1.26 
 

5.07 0.37 
 

9.61 9.29 8.36 
Sr 177.98 72.48 

 
106.85 36.39 

 
248.22 274.56 240.86 

Ta 1.64 0.42 
 

7.72 0.59 
 

3.56 3.56 2.37 
Th 12.68 2.05 

 
8.41 0.39 

 
7.79 9.00 17.97 

TiO2 0.68 0.18 
 

0.28 0.02 
 

0.22 0.34 0.82 
Tm 0.38 0.06 

 
0.50 0.07 

 
0.25 0.28 0.52 

V 62.31 14.17 
 

24.20 1.57 
 

22.15 30.46 99.10 
Yb 2.49 0.35 

 
2.96 0.40 

 
1.65 1.76 3.22 

Zr 245.73 89.60 
 

211.07 12.79 
 

95.70 117.45 212.37 
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Typical calcareous earthenware phase associations are identified in Z-3 of La Concepción. The 
main mineral phases that form the Z-3 ceramics are quartz, potassium feldspar, gehlenite and 
calcite (with the exception of ZMR046 and ZMR047). Besides, illite is present in F-IIa (ZMR045 
and ZMR048) accompanied by plagioclase and diopside, providing an Equivalent Firing 
Temperature (EFT) in the range 850-900 ºC (Figure 4). In addition, diopside is present in the 
fabric F-IV, which is formed by 3 ceramics (ZMR040, ZMR041 and ZMR049) providing an 
Equivalent Firing Temperature (EFT) in the range of 900-950 ºC (Figure 5). Nonetheless, fabric 
F-V, formed by 2 ceramics (ZMR046 and ZMR047), shows plagioclase in addition to diopside 
but it doesn’t have calcite. These phases provide an EFT ranging from 950 ºC to 1000 ºC (Figure 
6). 

Table 5: The interpretation made based on ICP-MS analysis and mineralogical analysis results. 

GROUP SITE TYPOLOGY FABRICS ANIDS 

Z-3 CONCEPCIÓN 
/ OLIVARES   

Unglazed, tin-lead 
glazed 

F-I, F-IIa / 
F-IIb, F-III, 
F-IV, F-V, 

F-VI 

ZMR040, ZMR041, 
ZMR045, ZMR046, 
ZMR047, ZMR048, 

ZMR049 
+ samples from Z-3 

Olivares [see 10] 

Z-4 CONCEPCIÓN Micaceous F-Ia / F-Ib, 
F-II 

ZMR038, ZMR042, 
ZMR043, ZMR044 

 
The chemical group Z-4 is formed by four micaceous ceramics (ZMR038, ZMR042, ZMR043 
and ZMR044). In this group, two different mineralogical fabrics have been identified: F-Ia and 
F-Ib, and F-II. Main mineralogical phases identified are quartz, potassium feldspar and illite. 
Specifically to the F-Ia fabric (ZMR038 and ZMR043) differs from F-Ib (ZMR042) due to the 
appearance of calcite in the latter one, both showing an EFT in the range of 800-850 ºC (Figure 
7 and 8). The ceramic from F-II (ZMR044) contains plagioclase and calcite, in addition to the 
main mineral phases previously described, providing an EFT in the range of 850-900 ºC (Figure 
9). 
Furthermore, the rest two micaceous sherds (ZMR037 and ZMR039) and Duque de la Victoria 
type one (ZMR050), do not belong to any specific chemical group. When it comes to the two 
micaceous ceramics, they have the same phase associations as the F-I from Z-4 (quartz, potassium 
feldspar and illite) with an EFT in the range of 800-850 ºC (Figure 10 and 11). 
Finally, Duque de la Victoria type ceramic contains quartz, potassium feldspar, plagioclase and 
illite, providing an EFT around 850 ºC (Figure 12). 
Nevertheless, it is important to highlight the presence of calcite in some of the ceramics from the 
Church of La Concepción. Given the EFT temperatures identified and the fact that calcite 
decomposes after 650 ºC, it is probable that its appearance is due to re-carbonation processes and 
secondary precipitations that could happen during the post-depositional period [11].  
Summing up, the interpretation made based on ICP-MS analysis and mineralogical analysis 
results, is collected in the Table 5. 
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Figure 4: Reference diffractoram of the F-IIa, Z-3. 

 

 
Figure 5: Reference diffractoram of the F-IV, Z-3. 

 

Figure 6: Reference diffractoram of the F-V, Z-3. 
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Figure 7: Reference diffractoram of the F-Ia, Z-4. 

 

 

Figure 8: Reference diffractoram of the F-Ib, Z-4. 

 
Figure 9: Reference diffractoram of the F-II, Z-4. 
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Figure 10: ZMR037. 

 
Figure 11: ZMR039. 

 
Figure 12: ZMR050, Duque de la Victoria type. 
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After chemical and mineralogical analyses, 4 glazed ceramics were selected for SEM-EDS study 
in order to deepen into the understanding of their glaze composition and pigment nature: ZMR045 
(black and green on white decoration); ZMR046 (blue and white decoration); ZMR047 (blue and 
white decoration); and ZMR048 (brown and green on white) (Table 2). 
According to SEM-EDS results of the glazed ceramics, all of the glazes analyzed are Pb and Si 
based. In addition, SEM-EDS enables for identifying Sn particles distributed thoroughly within 
the glaze. These crystals are likely cassiterite (SnO2) and, along with some relicts of quartz and 
sometimes feldspars, help out for achieving the opaque white color diffracting and dispersing the 
incident light [21-22]. Furthermore, the glaze thickness for the analysed samples ranges from 80 
µm to 250 µm. According to SEM examinations, it can be suggested that Zamoran potters used 
a two-firing technique for crafting their potteries. This fact is further supported by the existence 
of a very thin reaction area in the interface between glaze and clay body, which shows low 
crystallization in all the ceramics (Figure 13.1). According to literature [23-24], the features 
shown by these ceramics is compatible with a double firing process for lead and tin-lead glazed 
and calcareous illitic pastes. Furthermore, it is documented in historical written sources that a 
double firing technique was commonly employed by majolica potters in modern era Spanish 
productions [2]. Besides, biscuit and failure ceramic evidences have been unearthed in the 
Olivares workshop kiln dumps, reinforcing the idea of a double firing process conducted in 
Zamora productions [8,10]. 
Regarding the blue decoration, this one was achieved by the use of Co and Fe. Surprisingly, 5 
µm particles can be easily detected by backscattering electron configuration, and even reaching 
up to 15 µm in two dimensional size (Figure 13.2). Interestingly, in the blue areas of the Zamoran 
ceramics, Co-Fe particles are found under the glaze and directly in contact with the clay body. 
Unexpectedly, this blue under coating decoration has been identified for the first time in this area 
and, up to the knowledge of the authors, it is also the first time this technological choice is 
documented in northern Spain. However, this undercoating decoration technique has few parallels 
in other areas of Spain, mainly in Valencia region [25]. Besides, a K and P enriched layer related 
to these Co-Fe particulates has been also detected far below from the glaze outer part. Therefore, 
a plausible hypothesis is that this layer might be in relation to the use of an agglutinant in the 
application of the blue pigment over the biscuit ceramic body. 
Green decorations follow traditional hispanomoresque recipes for green color achievement. Thus, 
Cu content has been found dispersed in green areas by SEM-EDS, which enables to think that the 
responsible for green pigment is a Cu compound (Figure 13.3). The fact that Sn also appears in 
the same region than green decoration enables to think that Cu compound is applied on the white 
glaze in order to get green, in agreement with previous studies for the main postmedieval 
production centers of Spain [2, 22]. 
Finally, both, brown and black pigments have been also identified by SEM-EDS. Remarkably, 
Mn compounds are unequivocally the responsible for obtaining these colors. Moreover, by 
backscattering electron imaging, Mn particles are clearly highlighted on the upper regions of the 
brown/black glazes (Figure 13.4). Thus, the size of these Mn particles range from a few 
micrometers up to 30 µm, and can be found as mainly Mn particles or as Mn-Si-Pb particles 
(lighter in color in Figure 13.4). 
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Figure 13: SEM-EDS results of the glazed ceramics. Image 1 shows Sn particles distributed 

thoroughly within the glaze, giving the white color. Image 2 shows Co and Fe, the responsible 
for the blue color. Image 3 shows Cu, the responsible for the green color; Image 4 shows Mn, 

the responsible for brown or black color. 

CONCLUSION 
This study has deepened into the understanding of the pottery consumption in Zamora during 
Late Medieval and Early Modern periods after the archaeometrical characterization of pottery 
unearthed in the Church of La Concepción. Thus, chemical analysis has enabled the identification 
of two reference groups. Along these lines, tin-lead glazed pottery from this site is chemically 
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compatible with the already established Z-3 local reference group from the Olivares workshop in 
the outskirts of the city of Zamora. Furthermore, one new chemical group has been identified: Z-
4. This group is formed uniquely by micaceous unglazed ceramics, although its local origin 
cannot be surely proposed given the state of archaeometrical knowledge up to date. Then, a 
regional Zamoran provenance should be highly taken into consideration as well. Unfortunately, 
two micaceous ceramics could not be assigned to any of the known chemical reference groups. 
In addition, one ceramic archaeologically described as Duque de la Victoria type from Valladolid, 
could not be either assigned to the known groups, so its provenance remains unclear. Moreover, 
the provenance identification for the two ceramics that possible are from Pereruela or Muelas del 
Pan needs of further examination and of the comparison with solid reference groups for such 
productions.  
Technologically, tin-lead glazed ceramics from Zamora at this chronological period are 
calcareous and show creamy color pastes, being fired at temperatures ranging from 850 ºC to 
1000 ºC in oxidizing conditions. Additionally, most of the micaceous ceramics show a relatively 
low firing temperature, from 800 ºC to 850 ºC, while just one example reaches an EFT of 900 ºC. 
Besides, SEM-EDS analyses have facilitated the identification of the nature of the different 
pigments employed by Zamoran potters for decorating their ceramics following traditional 
hispanomoresque contemporary recipes. Thus, white opaque coatings were achieved by the use 
of SnO2 in the Si-Pb glaze. Moreover, green color is obtained by the addition of Cu compounds, 
while the brown/black pigment is obtained by the use of Mn ones. Interestingly, the nature of 
blue pigment is related to the use of Co and Fe particles, which seem to be applied under the glaze 
coating. 
In agreement with the archaometrical results of this study, the consumption of pottery by the 
people who inhabited and work in the goldsmithing workshop during the 15th and early 16th 
centuries show a local pattern. In this way, the use of local Zamoran ceramics, as well as 
micaceous ceramics from regional contexts, is predominant in this site. Therefore, and given the 
initial results presented, a long-distance trade cannot be excluded, although it is not reinforced by 
the archaometrical results of the sample studied so far. 
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SUMMARY:  In order to shed light to the ceramic productions from Villafeliche, a sample of 21 
ceramics obtained from the Museu de la Ceràmica de Barcelona collection was analyzed. All the 
ceramics analyzed were tin lead glazed pottery with blue on white motifs and dated back to the 
18th century. These ceramics were unearthed in the context of the archaeological surveys 
conducted in the ceramic dumps of Villafeliche, specifically in the workshop area known as “Los 
Portillos”. The archaeometrical results carried out by XRF, XRD and SEM-EDS enable linking 
the ceramics unearthed in Villafeliche to a local origin related to the ceramic productions during 
the 18th centuries, in agreement with the archaeological record. Thus, the production of the 18th 
century keeps the tradition of employing calcareous clays that is observed in previous local 
productions, as well as the use of tin lead glaze recipes for glazed coatings. 
 
KEY-WORDS: Spain, tin lead glaze, chemical analysis, XRD, SEM-EDS 
 
 

INTRODUCTION 
Tin-lead glazed pottery, also known as Majolica, is earthenware pottery characterized by a 
creamy light-buff colored ceramic body and an opaque white tin-lead glaze covering the entire 
outer surface of the vessel. The most characteristic feature of majolica pottery lies in the metallic-
oxide decorations that are applied on top of the opaque white glaze coat. The opaque white glaze 
is composed of sand (e.g., quartz) and lead, which serves as a flux to decrease the temperature 
needed for melting SiO2. Opacity is usually achieved by means of tin oxide (SnO2) crystals and 
by the action of extant quartz and feldspar inclusions. These inclusions, and the bubbles that result 
from the firing process, absorb, scatter, and/or reflect incident light, thereby giving the transparent 
glaze a white appearance. Due to this opacity, decoration is usually applied to the outer surfaces 
of the glaze coat1-4. 
By the sixteenth century, Spanish majolica production flourished as Italian-influenced decorative 
styles diffused into the Iberian Peninsula. Aragonese majolica also was influenced by the new 
Italian-influenced decorative trends and styles. Consequently, black and especially green 
motifs—colors associated with Islamic ceramic traditions—were progressively replaced by blue 
patterns, sometimes mixed with other colors, such as yellow. In contrast, however, Aragonese 
potters combined traditional hispanomoresque motifs, with the new Renaissance influences. This 
fusion of decorative elements resulted in a distinctive ceramic product. From the sixteenth century 
until the end of the eighteenth century, the town of Muel and Villafeliche afterwards, became the 
main production centers in the region of Aragon along with Teruel. Although lusterware 
production was very important during fifteenth and sixteenth centuries in Muel, tin lead glazed 
pottery decorated with blue on white motifs made in Muel and Villafeliche achieved a relevant 
impact on Renaissance Spain5.  
The production of tin lead glazed ceramic in Villafeliche can be chronologically established 
during the 15th century, and strongly linked to the hispanomoresque population. Villafeliche, 
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along with Muel and Teruel, is one of the main majolica production centers of the Iberian 
Peninsula. The technical and artistical quality achieved by the ceramists from Villafeliche 
provided the village with wide recognition, especially regarding the blue and polychrome tin lead 
glazed ceramics. 
According to historical written records, the village of Villafeliche belonged to the Camarassa 
marquis, who expanded the city walled limits with the establishment of new workshops in early 
Modern era. These new artisan areas received the name of Herrerias (blacksmiths) and Ollerias 
(pottery workshops) neighborhoods, amongst others6. In this way, in a document dated to 1575, 
a potter appears in a wedding contract, evidencing the ceramic activity in Villafeliche. 
Furthermore, the Camarassa marquis rented some properties to a neighbor from the nearby 
Monton village, providing historians with a very detailed description of the neighborhoods and 
main work activities in Villafeliche, including pottery making. Interestingly, this demonstrates 
that the pottery workshops and ceramic activity in Villafeliche was kept intact even after the 
expulsion of the Moresque population in 1609-1614, which was Muslim population converted 
into Christians by law, although most of them managed to keep some of their cultural and 
religious idiosyncrasy6. In addition, new potters were established into the village, according to 
written documents. Along these lines, names like “Jaime Villar, cantarero (jar making)” in 1623, 
or Pablo Pasqual, escudiller (porringer maker) in 1626, appear as doing transactions with traders 
or as house owners6. Besides, the ceramic activity of the village is clearly linked to the production 
of black powder, which both showed a growing pulse since late 17th century and during the whole 
18th century. However, in the 19th century, tin lead glazed production seems to clearly decreasing 
and, already at the beginning of the 20th century, it has completely ceased.  
Workshops in Villafeliche occupied wide areas in the outskirts of the village. Thus, several 
locations can be identified according to different chronologies and ceramic functionality, like tin 
lead glazed producers or cooking ware producers. The Moresque workshops were, likely, located 
in the Campo del Toro area (nowadays Plaza Mayor), where many kiln materials and ceramic 
failures were discovered in two sectors known as Los Cascos (name that can be translated as 
broken ceramics) and “Los Portillos. This area was geographically and socially opposed to the 
old town, where the so-called old Christians were established. In addition, and according to the 
local toponomy, there were several workshop areas active in the village from 17th century 
onwards. In this way, up to five different workshop points can be identified for that chronology 
in Villafeliche according to the ceramic material discarded dumps: in addition to the two 
workshops already mentioned of Los Cascos (1) and Los Portillos (2), there were the workshops 
from the Camino de los Hornos (which can be translated as the road to the kilns) (3), the 
workshops from Old Quarter and Tejeria (the tile workshop) (4), as well as the ones from the 
road to Montón (5)6. 
From an archaeometrical point of view, and despite the fact that many significant works 
concerning majolica pottery technology have been published, with especial incidence for  the 
study of lusterware (for instance, see 7-9), archaeometric knowledge about tin-lead glazed pottery 
produced in the Iberian Peninsula is uneven. Consequently, there was an overall lack of 
chemically defined reference groups that characterize the primary production centers. 
Fortunately, this shortage has been palliated at some extend regarding the postmedieval 
production centers of Spain, mainly, such as Paterna, Manises, Barcelona, Lleida, Reus and 
Vilafranca del Penedès, Talavera, Puente del Arzobispo, Seville, Zamora, and Orduña. In 
addition, a few studies have examined the occurrence of Spanish majolica at overseas sites like 
the Canary Islands and the Americas in the frame of the colonial market, most of which refer to 
production in Seville (for a more comprehensive state of the art no the subject, see 10-11). 
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Figure 1: Location of Villafeliche 

Regarding the study of Aragonese tin lead glazed pottery, and although many works have sought 
to deepen the knowledge, description, and understanding of Medieval and Renaissance 
Aragonese ceramic productions, most of the studies have been undertaken from the point of view 
of the Art History or Archaeology. Unfortunately, archaeometrical studies based on the 
provenance or technological features of the Aragonese ceramics are relatively scarce but include 
thin section petrography12 and chemical characterization of the paste and glazes1-2, 13-18, mainly 
from Teruel and Muel workshops. Consequently, the present knowledge about tin-lead glazed 
pottery from Aragon workshops remains uneven and limited at some extent and, especially, 
regarding the postmedieval productions of Villafeliche. 

SAMPLES AND GOAL 
In order to shed light to the ceramic productions from Villafeliche, a sample of 21 ceramics 
obtained from the Museu de la Ceràmica de Barcelona collection was obtained. All the ceramics 
analyzed were tin lead glazed pottery with blue on white motifs and dated back to the 18th century. 
These ceramics were unearthed in the context of the archaeological surveys conducted by Llubià 
during the mid-20th century in the ceramic dumps of Villafeliche, specifically in the workshop 
area known as Los Portillos. Thus, the ceramics that compose this study are considered of local 
origin given its attribution to a ceramic dump and the fact that the sample also includes kiln 
furniture, such as spurs, as well as discarded ceramics or failures (Figure 2). In this paper, we 
summarize the results from archaeometrical characterization of 21 majolica sherds from the 
workshops of Villafeliche and their comparison with the main production centers from medieval 
and postmedieval Spain. 
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Figure 2: Example of the ceramics from Villafeliche 

METHODOLOGY 
All of the 21 specimens were sampled from extant collection of the Museu de la Ceràmica in 
Barcelona, a repository that has large reference collections for most of the primary majolica 
production sites in Spain after archaeological works of these workshops conducted in the 1950’s 
and 1960’s. Our sampling strategy was strictly focused on kiln-related materials to maximize the 
probability that the materials included in this study were a product of their respective workshops 
and production centers. In that way, we focused on ceramics from archaeologically and 
historically documented majolica kiln dumps.  
In the present study, twelve grams from each sherd were taken and glazes and other surfaces were 
mechanically removed to minimize contamination from glaze and soil. Following this process, 
specimens were powdered and homogenized in a Spex Mixer (Mod. 8000) tungsten carbide cell 
mill for 12 minutes. Powdered specimens were stored in clean polyethylene vials for 
transportation to the laboratory.  
The chemical compositions of the samples analyzed by XRF were determined using a Phillips 
PW 2400 spectrometer with Rh excitation source. Samples were prepared for analysis using two 
different methods. Duplicates of glassy pills made by fusing 0.3 g of dry powder with 5.7 g of 
LiBO4 to determine the major and minor elements with the exception of Na2O. Trace elements 
and Na2O were determined from 5 g pills of powdered dry sample. The quantification of the 
concentrations was obtained using a calibration line based on 60 international geological 
standards. The elements determined were Fe2O3 (as total Fe), Al2O3, MnO, P2O5, TiO2, MgO, 
CaO, Na2O, K2O, SiO2, Ba, Rb, Mo, Th, Nb, Pb, Zr, Y, Sr, Sn, Ce, Co, Ga, V, Zn, W, Cu and Ni. 
The loss on ignition (LOI) was determined by firing 0.3 g of dried powder at 950°C for 3 h. An 
extended description of the XRF analytical procedures, including the details of accuracy and 
precision, has been published elsewhere19. 
The mineralogical composition of all the samples included in the study was determined by XRD, 
using the same powdered sample prepared for XRF analysis. Measurements were performed 
using a PANalytical X’Pert PRO alpha1 powder diffractometer (radius = 240 mm) using the Cu 
K radiation ( = 1.5418 Å), with a working power of 45 kV – 40 mA. The incident beam was 
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passed through a 0.04 radians Soller slit, and the diffracted beam was passed through another one. 
Moreover, the diffracted beam was Ni filtered. An X’Celerator Detector, with active length = 
2.122 º, was used. /2 scans were recorded from 4 to 70 º 2 (step size=0.017º; time=50 s per 
step). The evaluation of crystalline phases was carried out using the DIFFRACT/AT program by 
Siemens, which includes the Joint Committee of Powder Diffraction Standards (JCPDS) data 
bank. 
The SEM study was conducted on 2 glazed ceramics after being transversally cut, embebed in 
epoxy resin and metalographically polished. Samples were gold coated and examined under an 
EVO 40 Carl-Zeiss SEM coupled to an energy dispersive X-ray analyzer (EDX). Sample 
examination was conducted at 20 kV and a current of 500 mA under full vacuum conditions. The 
elemental composition of decorative coatings was determined by an electron dispersive 
spectrometry (EDS) analysis of areas corresponding to each color, using an X-Max (Oxford 
Instruments) equipment. The working distance ranged between 7.5 and 10.5 mm. The EDS 
spectra were acquired and treated using the INCA software (Oxford Instruments). 
Statistical analysis of the data followed Aitchison’s approach and Buxeda’s observations on 
compositional data20-23. The D-compositional chemical data were transformed to log-ratios 
following Aitchison's and Buxeda’s recommendations, by taking the natural logarithm of the ratio 
of all determined components to one component selected as divisor according to 

d

D

Dd R)
x

ln(S  xyx , 

where x-D=(x1,...,xd) 22-23. The variation matrix was used as an exploratory tool to identify sources 
of compositional variability, to quantify this variability, and to identify the appropriate element 
to be used as a divisor in the log-ratio transformation23. Thus, statistical procedure consists of the 
use of ratios of natural logarithms obtained by dividing all the components, in this case the 
elements, by the element that introduces the lowest chemical variability to the entire set of 
specimens to minimize the compositional data problem referred to as “close to unit sum”, when 
data necessarily must sum 100%. Moreover, the use of logarithms compensates for differences in 
magnitudes between major elements, such as Al2O3 and Fe2O3, and trace elements. Furthermore, 
log-transformed data serve to make the distributions of geochemical data more nearly normal. By 
dividing all components by the component that exhibits the lowest variability, one also overcomes 
relative magnitudes problems of a given subcomposition, because after logratio transformation 
we work with the same relative magnitudes for each specimen given that si/sj = xi/xj20-21. Finally, 
logratio transformations can highlight possible perturbations in the chemical data because of 
diagenesis, contamination, or other alteration processes22. 
Moreover, Villafeliche specimens were compared against several reference groups already 
established for the primary productions centers on the Iberian Peninsula. To date, more than a 
1500 ceramics have been chemically analyzed using multiple analytical techniques enabling to 
identify numerous reference groups for Barcelona, Reus, Vilafranca del Penedès, Lleida, Paterna, 
Manises, Muel, Teruel, Villafeliche, Talavera de la Reina, Puente del Arzobispo, Logroño, 
Orduña, Elosu, Zamora and Seville. All of these samples have been also mineralogically 
characterized by XRD and, a selection of them, by SEM-EDS.  

RESULTS AND DISCUSSION 

Chemical Analyses 
Although sample preparation was conducted under a great care to minimize the analytical error, 
the potential for contamination does exist. As a precaution, W and Co were removed from 
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consideration during the statistical analysis of chemical data because samples were powdered 
using a tungsten carbide cell grinder in which W is a major component and Co is a minor 
component.  
Additionally, the technology of majolica pottery production is characterized by Sn and high Pb 
concentration in their glazes, causing analytical problems because of their diffusion into the clay 
matrix body. Therefore, Sn and Pb concentrations have not been considered because of the 
possibility of contamination from the glaze. Moreover, chemical results have shown that Pb 
content largely exceeds the upper XRF regression limit (928 ppm). In XRF, unusually high Pb 
results in interferences with nearby emission peaks. Thus, trace elements such Ga and Y, and Th 
and Rb, might have high error. Consequently, these elements were not considered in the analysis 
of the XRF. Moreover, Mo, as determined by XRF, is always below the lower regression limit 
and cannot accurately be determined. 
Conversely, since all the 21 individuals have been analyzed by X-Ray Diffraction analyses, it has 
been possible to observe that a relevant number of the analyzed majolica sherds (10 out of 21) 
exhibited a double process of alteration and contamination (Table 1, 2), also documented in 
previous studies1-3,10. This process reports the leaching of potassium and, sometimes, rubidium, 
from the matrix, with a subsequent enrichment of sodium because of analcime crystallization1,24-

25. Therefore, these alteration and contamination processes affect those components in the matrix 
composition, without any possibility of calculating a satisfactory correction. As a result, Na2O, 
K2O, and Rb were also removed from consideration during the statistical analysis. 
During statistical treatment, chemical variables have been transformed into logarithm ratios 
following the aforementioned methodologies from the following subcomposition: Fe2O3, Al2O3, 
MnO, TiO2, MgO, CaO, SiO2, Ba, Zn, Sr, Ce, V, Zn, Ni and Cr, using Nb as divisor since it is 
the less variable amongst the dataset, according to the calculated variation matrix23. The variation 
matrix obtained shows a total variation (vt) of 0.214, which enables to suggest a monogenetic 
grouping23. The elements responsible for the highest variation amongst the dataset are, mainly, 
MgO, CaO, Na2O, K2O, Sr, Ce and Cu (vt/τ.i<0.6). Besides, MJ0068 shows a high variation due, 
mainly, to its very high CaO content (23.71%) (Table 1). Therefore, when calculating a new 
compositional variation matrix without considering those elements that are susceptible of being 
altered (Na2O, K2O and Cu), the vt is only of 0.098, which is clearly an indication of a very 
compact chemical group23. 
Results can be summarized in the dendrogram obtained after the clustering analysis of the latter 
subcomposition using the Euclidian squared distance and the centroid agglomerative method. The 
study of the dendrogram enables determining a single homogeneous structure showing fusions 
between individuals at very low ultrametric distance (<0.05 units). Dissimilarities between 
individuals are mainly due to slight differences in Zr, Ba and Ce, having the ceramics on the left 
of the dendrogram a more abundant clayey phase than the ceramics on the right of the 
dendrogram, which show higher Zr amounts related to more sandy phases. The individual 
MJ0068 merges with the rest of the ceramics at a higher ultrametric distance (0.15 units), mainly 
due to its higher CaO amounts (23.71%), while the mean of CaO for the Villafeliche ceramics is 
17.39%. Therefore, the small differences observed between ceramics should not be due to 
differences in productions or recipes but most likely, to the fact that these productions are pre-
industrial processes. Thus, results enable the interpretation that 18th century potters used 
standardized recipes but showing slight differences due to small geochemical differences within 
the clay pits and later processing, supported by archaeological data. 
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Compounds  Mean σ Compounds Mean σ 

Fe2O3 (%)  4.45 0.17 Ba (ppm) 500 32 

Al2O3 (%)  15.71 0.81 Nb (ppm) 17 0 

MnO (%)  0.04 0 Zr (ppm) 209 13 

P2O5 (%)  0.18 0.01 Sr (ppm) 632 62 

TiO2 (%)  0.74 0.02 Ce (ppm) 63 7 

MgO (%)  2.82 0.52 V (ppm) 69 4 

CaO (%)  17.39 1.07 Zn (ppm) 74 5 

Na2O (%)  0.31 0.07 Cu (ppm) 48 21 

K2O (%)  3.82 0.29 Ni (ppm) 29 2 

SiO2 (%)  54.37 0.97 Cr (ppm) 69 2 

Table 1: Chemical results by XRF of major and minor elements (wt%) and trace elements 
(expressed as ppm or µg·g-1). σ stands for standard deviation. 

Mineralogical analysis 
Mineralogically, majolica ceramics from Villafeliche show three main different arrays of 
mineralogical distribution. Hence, all of the analyzed ceramics are of calcareous nature and, in 
agreement with the different mineralogical arrays identified after XRD examinations, the 
equivalent firing temperature (EFT) established ranges from 900 ºC to 1100 ºC. 
Firstly, the fabric Fa, here represented by the ceramic MJ0074, shows a crystal association of clay 
minerals, like illite-muscovite type, quartz, alkaline feldspars, plagioclase, calcite, hematite, 
pyroxene, and gehlenite. Therefore, this mineral association enables to suggest an equivalent 
firing temperature between 900 ºC to 950/1000ºC. The presence of gehlenite and pyroxene, likely 
as firing mineral phases, indicates that during the original firing the temperature exceeded the 
850 ºC. However, the occurrence of illite-muscovite also seems to indicate that firing temperature 
did not go beyond the 950/1000 ºC, where clay minerals like illite should had been decomposed 
completely. The presence of calcite might be explained as secondary calcite formed during 
postdepositional period or as byproduct of alteration processes of mineral phases after firing26, 27, 

28. 
Second fabric, named Fb, is formed by only two ceramics, MJ0086 and MJ0068. This fabric 
shows important differences when compared to fabric Fa. Thus, Fb fabric shows a lower intensity 
for the quartz peaks, which may indicate that this mineral had begun to decompose due to the 
high temperatures. It is also important to highlight the complete absence of illite-muscovite clay 
minerals, which are completely decomposed at high temperatures. The presence of leucite does 
not enable adequately to observe whether the original alkaline feldspar has completely 
decomposed or not. Therefore, considering the crystallization of leucite, gehlenite and the 
presence of plagioclase and pyroxene, the EFT suggested should be around 1050 ºC. 
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Figure 3: XRD diffractograms summarizing the four fabrics and EFT identified in Villafeliche: 

Fa (upper left), Fb (upper right), Fc (lower left), and Fc-anl (lower right). 

 
Finally, a third fabric has been identified in Villafeliche. This one is made out by two subfabrics: 
Fc and Fc-anl. Along these lines, fabric Fc is similar to Fb, where the quartz peaks intensity have 
begun to decline and the practical absence of illite-muscovite. Moreover, fabric Fc, represented 
by individual MJ0070, shows the existence of leucite and the beginning of the decomposition 
process of gehlenite. These facts enable to suggest an EFT around 1010 ºC. Furthermore, a group 
of 10 ceramics, represented by MJ0067, formed subfabric Fc-anl. This subfabric only differs from 
fabric Fc in the presence of analcime in their diffractograms. As has been mentioned above, the 
presence of analcime in ceramics has been attributed to a common alteration and contamination 
process that affects high-fired and overfired calcareous pottery. Such a process seems to imply a 
first phase of alteration of the glassy phase that leads to the leaching of potassium, followed by a 
second phase of analcime crystallization. The crystallization of this Na-zeolite fixes sodium from 
the environment into the sherd. Finally, the result can be a significant loss of potassium together 
with an enrichment of sodium1, 24-27. Therefore, the EFT suggested for Fc-anl should range the 
1050/1100 ºC.  
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Fabric Villafeliche Total 

Fa 

(900 – 
950/1000ºC) 

MJ074, MJ082, MJ085 3 

Fb 
(1050ºC) 

MJ086, MJ068 2 

Fc 
(1050/1100ºC) 

MJ070, MJ075, MJ077, MJ080, MJ083, MJ084 6 

Fc-anl 
(1050/1100ºC) 

MJ066, MJ0067, MJ069, MJ0071, MJ072, MJ073, MJ076, 
MJ078, MJ079, MJ081 10 

Total  21 

Table 2: Summary of the ceramic fabrics from Villafeliche with indication of the EFT 
according to the interpretation of mineral phases by XRD 

GLAZE TECHNOLOGY 
According to SEM-EDS results of the glazed ceramics, the glaze recipes used for making 
Villafeliche coatings are Pb and Si based. In addition, SEM-EDS enables for identifying Sn 
particles distributed thoroughly within the glaze (Figure 4). These crystallites are likely cassiterite 
(SnO2). Cassiterite recrystallization help out for achieving the opaque white color when 
diffracting and dispersing the incident light. In addition, SEM-EDS examinations enable for 
distinguishing relicts mainly of quartz, which also play a similar role than cassiterite in glazes4,29. 
As seen in the microphotographies and EDS maps (Figure 4 and 5), these quartz relicts also show 
evidences of important reaction rims, probably due to a high temperature reached during firing 
and/or to keeping high temperatures over a relatively long time. This fact is further supported by 
the evaluation of the interactions in the interfaces between glaze and paste body. In this way, 
crystal growing in the interface area is relatively high for a two-firing technique, ranging from 30 
µm to 70 µm (Figure 5)30. Besides, it has to be kept in mind that these ceramics come from a kiln 
dump, so most of them are ceramics that were discarded at that time for firing failures, showing 
evidences of overfired and high temperatures. Regarding the blue decoration, this one was 
achieved by the use of Co (Figure 4, lower), following Hispano-Moresque pottery making 
tradition. 
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Figure 4: Elemental maps obtained by SEM-EDS (MJ0070 upper; MJ0075, lower). 

 
Figure 4: Microphotographs obtained by SEM using backscattered electrons (MJ0070 left; 

MJ0075, right). 

CONCLUSIONS 
The archaeometrical results enable linking the ceramics unearthed in Villafeliche to a local origin 
related to the ceramic productions during the 18th centuries, in agreement with the archaeological 
record. Thus, the production of the 18th century keeps the tradition of employing very 
homogenoeus calcareous clays that is observed in previous local productions, which is evidenced 
by chemical analyses. The high homogeneity of Villafeliche ceramics may respond to the role 
play by the potter guilds, wich were the suppliers of the raw materials needed to produce ceramics 
by their associates (e.g. clay). In addition, these ceramics show the use of tin lead glaze recipes 
for their coatings. Technologically, tin lead glazed ceramics from Villafeliche at this 
chronological period are calcareousbeing fired at temperatures ranging from 900 ºC to1100 ºC in 
oxidizing conditions. 
Besides, SEM-EDS analyses have facilitated the identification of the nature of the technological 
choices employed by Villafeliche potters for making and decorating their ceramics following 
traditional Hispano-Moresque contemporary recipes. Thus, white opaque coatings were achieved 
by the use of SnO2 in the Si-Pb glaze. Moreover, blue colour is obtained by the addition of Co 
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compounds. After SEM examination, and according to the evaluation of the interphace between 
clay paste and glaze, the ceramics were likely manufactured by a two-firing process technology. 
Thus, a first firing to obtain the bisque ceramic, desirebly reaching the temperatures of 950-1000 
ºC as seen by XRD analysis, and a second firing for the application of the glaze, likely reaching 
lower temperatures in the kiln. 
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SUMMARY:  Since 2016, the Museu Nacional do Azulejo (Portuguese National Azulejo 
Museum), the Laboratório Nacional de Engenharia Civil and the HERCULES Laboratory of the 
University of Evora made a joint effort in the instrumental study of 16th century Portuguese 
azulejos, aimed at establishing their origin, technology and eventual systematization of workshop 
productions. The microscopic observation of the biscuits did not hint obviously to widespread 
mixtures of clays, as are routinely observed in the sections of 17th century azulejos. Therefore, it 
seems likely that the workshops often used plain marls with a suitable composition to grant 
compatibility of the biscuit with the glaze and thus their composition is a prime choice to confirm 
a local provenance. Azulejo samples are collected from panels on the walls and consequently are 
necessarily superficial and very small. In such samples the biscuit composition as pertains to 
minor and trace elements is tainted by the penetration of the raw glaze and digestion phenomena 
over firing. However inclusions of minerals that are infusible at the kiln temperatures remain 
largely unaltered. A means to discriminate provenance of azulejos based on a morphologic and 
compositional study of the small inclusions found in biscuit sections, often less than 5µm across, 
is proposed in this communication. These include mineral inclusions, both with and without 
repetitive morphologies, and micro-fossils.  
This communication reviews the inclusions repetitively found in Portuguese 16th century azulejos 
as a first step for the construction of a database aimed at exploring their potential as markers of 
provenance. 
 
RESUMO: Desde 2016, o Museu Nacional do Azulejo, o Laboratório Nacional de Engenharia 
Civil e o Laboratório HERCULES da Universidade de Évora, num esforço concertado, 
associaram-se no estudo instrumental de azulejos portugueses do século XVI, procurando 
estabelecer a sua origem, tecnologia empregue e uma eventual sistematização das olarias 
envolvidas. A observação microscópica das chacotas não revelou indícios de misturas 
recorrentes de barros, como é usual observar-se em secções de azulejos do século XVII. Assim, 
parece provável que as oficinas tenham em geral usado margas cuja composição permitia 
naturalmente a compatibilidade entre o biscoito e o vidrado, pelo que as suas composições são 
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uma escolha óbvia para confirmar proveniências locais. Muitos dos provetes utilizados no estudo 
foram amostradas de painéis completos ou ainda in situ e tiveram que ser, necessariamente, 
superficiais e de pequena dimensão. Nas secções que resultam da preparação destas pequenas 
escamas a composição da fracção de chacota presente, tal como a da pequena área de vidrado, 
estão contaminadas pela interacção entre os dois materiais durante o processo de cozedura o 
que complica a utilização de elementos de muito baixo teor como indicadores de proveniência. 
No entanto e na generalidade, inclusões de minerais infusíveis à temperatura de cozedura 
permanecem inalteradas. Assim, é proposto um método de discriminar proveniências baseado 
na morfologia e composição de pequenas inclusões encontradas em secções da chacota, 
frequentemente de dimensões inferiores a 5µm. Estas incluem inclusões minerais, com 
morfologias que podem ou não ser repetitivas, e microfósseis. 
Esta comunicação enumera inclusões encontradas repetitivamente em azulejos portugueses do 
século XVI como um primeiro passo para a construção de uma base de dados, destinada a 
explorar o seu potencial como elementos marcadores de proveniência.  
  
KEY-WORDS: Provenance of ceramics; Early azulejo production in Lisbon; Use of SEM-EDS 
in the study of majolica; mineral inclusions in ceramics. 
 
 
 

INTRODUCTION  
16th century azulejos extant in Lisbon were locally manufactured or imported from Spain (Seville 
is a well-established origin [1]), from Antwerp [2] or from unknown production centres in Italy 
[1]. Later Portuguese azulejos (from the 17th century onwards) are easily identified on stylistic 
grounds but in the 16th century the first Portuguese workshops followed the Renaissance taste in 
patterns and designs and any attribution on that base alone is debatable. Setting aside the 
technological specificities of workshops that may, or may not, be present, provenance studies 
should best rely on those raw materials that were certainly of a local origin, in this case the sand 
used for the glaze and the clays or marl used for the biscuits of which there was ample supply in 
the Lisbon area.  
Analytical studies of the glaze as a marker of geographical provenance stumble upon two main 
problems: on one side, the glaze incorporates several other raw materials of certainly different 
provenance (lead and tin compounds) or of unknown origin (e.g. the ashes used as a source of 
potassium or sodium oxides); and on the other side there is the often neglected fact that the glaze 
digests the biscuit over firing, incorporating many elements that did not previously exist or else 
were only residual, as Molera et al. have conclusively demonstrated [3] and the interface seen in 
figure 4 clearly documents. Therefore, we are left with the biscuit as a presumably best option 
where to find markers of geographical provenance. These can be found in the chemical 
composition and in the petrography of the ceramic material. A problem that is specific to azulejos, 
particularly renaissance productions, is that they are rare and have to be sampled from the walls 
which they line with the utmost prudence. Such samples include a section of glaze and a small 
piece of adherent biscuit, often less than 1 mm deep, collected with great care preferably from 
areas where the glaze is already detaching. Our (as yet unpublished) analytical results from those 
specks of biscuit in over 30 samples of 16th century azulejos of Portuguese origin have always 
returned contents in lead of up to 8% in weight (confirming Coentro’s results measured on larger 
specimens [4]), meaning that the components of the glaze enter the biscuit and therefore 
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provenance studies should better concentrate on major components and not trace elements that 
could have been acquired from the glaze. 
There is however another source of potential information on provenance residing in the biscuits: 
the morphology and composition of the small inclusions found there. These include mineral 
inclusions, both with and without repetitive morphologies, and microfossil vestiges. Microfossils 
and petrography in general have already been proposed by several authors in studies of 
provenance of clays and ceramics (e.g. [5, 6, 7, 8]). We are not aware of any previous work 
pointing to minerals of rare earth and heavy elements in general for such purpose. Yet, these are 
particularly easy to spot in electron microscopy, when scanning biscuit sections with back-
scattered electrons, because their atomic weight has a counterpart in the whiteness of the image 
that makes them stand from the background.  
When experimenting with a method based in the nature and morphology of the repetitive 
inclusions to advance the study of the provenance of azulejos applied in Portugal we were faced 
with the same problem that curtails many such attempts in the field of cultural heritage: the lack 
of a reliable database of such inclusions found in ceramics of diverse provenance. This 
communication reviews the inclusions repetitively found in Portuguese 16th century azulejos as a 
first step for the construction of a database aimed at exploring their potential as provenance 
markers. 

SAMPLES USED  
Samples were collected from panels and tiles with known or strongly supported Portuguese 
origin. Whenever these panels incorporate azulejo units of different characteristics, eventually of 
different chronologies including later restorations, only the earliest azulejos, usually with red or 
reddish biscuits (the colour of the biscuits derives both from their composition and the firing 
cycles) were considered. Confirmation of the antiquity of each sample was based on 
morphological and compositional characteristics that are unique to this provenance and period 
and will be individually dealt with in communications presented to this conference. The panels 
considered were as follows: 
2.1. Renaissance panels at Igreja da Graça in Lisbon [9], signed with the monogram of João de 
Góis who was active in Lisbon after ca.1558 - figure 1. Samples from this panel are identified 
with the code Az013/xx in which “xx” is an alfa-numeric code unique to each test item; 
2.2. Renaissance panels lining Capela de São Roque in Lisbon, signed “Francisco de Matos” and 
dated 1584 (a study of these panels will be presented in GlazeArt2018 and be published 
separately)- figure 2. Samples from this panel are identified with the code Az068/xx; 
2.3. Renaissance panel called “de Nossa Senhora da Vida” once in the now demolished Igreja de 
Santo André (Church of St. Andrew) in Lisbon and presently at the Museu Nacional do Azulejo 
and tentatively dated to ca. 1580 (a study of these panels supporting their Portuguese origin will 
be presented in GlazeArt2018 and be published separately)- figure 3. Samples from this panel are 
identified with the code Az032/xx. 
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Figure 1: An aspect of the dispersed 16th century panel at Igreja da Graça in Lisbon 

 

 

Figure 2: An aspect of the 16th century panel dated “1584” at Capela de São Roque, Lisbon 
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Figure 3: An aspect of the Painel de Nossa Senhora da Vida once in the now demolished 
Igreja de Santo André and now displayed at the Museu Nacional do Azulejo in Lisbon 

SEM-EDS ANALYSIS 
The panels were sampled and the samples were stabilized in resin, cut so that a transversal section 
is obtained and polished for observation and analysis by scanning-electron microscopy coupled 
with energy-dispersive spectrometry (SEM-EDS). Figure 4 depicts one of the small samples with 
inclusions of potential interest marked for closer observation and eventual analysis.  
 

 

Figure 4: An aspect of part of the biscuit and interface with the glaze of sample Az068/02 
(Capela de São Roque) with inclusions of potential interest marked for analysis 
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SEM-EDS observations and analyses were made at the HERCULES Laboratory in Évora 
using a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. Samples were 
uncoated and observations were made in back-scattering mode (BSE) with air in the chamber 
at a pressure of 40Pa and at an accelerating voltage of 20.0 kV. 

A SYSTHEMATIZATION OF INCLUSIONS FOUND IN THE BISCUITS 
OF 16th CENTURY PORTUGUESE AZULEJOS  
The inclusions can be systematized in three main types: i) morphological mineral inclusions are 
those that are not fossils but nevertheless have a distinctive morphology; ii) specks of minerals 
(without apparent morphological content); and iii) presumptive microfossils. 

Morphological mineral inclusions 
Framboids 
The most common inclusions of this type are framboid structures and related micro-spherules 
(figures 5, 6, 7, 8, 9).  

 

Figure 5: Top: irregular framboid 
of a Fe-rich mineral (presumably 
once pyrite) in Az032/01; bottom: 
EDS spectrum at the spot marked, 

depicting the characteristic Fe 
peaks (the other peaks are due to 

elements in the matrix).  

 

The Pb content in the 
biscuit is not nil and 
the coincidence of 
the K peaks of S with 
a Pb peak makes it 
difficult to evaluate 
how much of the 
sulphur remains after 
the firing of the 
biscuit at over 800 ºC 
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EDS shows them to be constituted mostly of iron and oxygen (figures 10, 11). Presumably 
they were originally framboidal pyrite (FeS2) that lost most of its sulphur upon firing of 
the ceramic and glaze.  
Framboidal structures occur when nucleation is faster than crystalline growth and are 
particularly common in pyrite [10]. They were once thought to need an organic source as 
a basis for organized nucleation but researchers have been able to reproduce them in the 
laboratory without such precondition. A review of framboidal pyrite and its synthesis was 
given by Ohfugi and Rickart [10]. The same authors point to the fact that although not a 
requisite, structures of organic origin are often found beneath the framboid and indeed 
several examples found in azulejos point to an organic origin in the circular hollows where 
they developed or their particular aggregations. 
Useful nomenclatures for the several framboid morphologies were given by Merinero et 
al. [11] and by Sawlowicz [12] and were followed by us. 
 

 

Figure 6: Irregular framboid associated with large euhedral crystals (Az 032/07) 
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Figure 7: Annular framboids (Az 032/07) 

 

 
Figure 8: Annular framboid (?) with central area in separation (sample Az068/06) 
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Figure 9: Euhedral-shaped crystal with framboidal core (sample Az032/04) 

 
Structured crystals of an iron-titanium mineral 
A mineral rich in Fe and Ti, probably ilmenite (FeTiO3) is common in the shape of small 
featureless inclusions. Sometimes, however, it is found as needle-like or twinned crystals seen at 
the bottom right side of the inclusion pictured in figure 10. Here the crystals are agglomerated 
but twinned crystals also occur free in the ceramic matrix. 
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Figure 10: Top: mineral inclusion in the biscuit of sample Az013/07, rich in Fe and Ti; 
bottom: EDS spectrum depicting the substantial elements (the other peaks are probably due 

to elements in the matrix) 

 
Zircon crystals 
Zircon (ZrSiO4) is relatively common as fragmented crystals but it may also be found as complete 
crystals (figures 11, 12) in which case they are often readily identified.  
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Figure 11: Top: zircon crystal in Az013/07 - such crystals are often seen with an 
ellipsoidal geometry because their upper face is polished off during the sample 

preparation; bottom: EDS spectrum at the spot marked depicting the peaks of the relevant 
elements (the other peaks are due to elements in the matrix) 

 

 
Figure 12: BSE image of a zircon crystal with inner growth marks apparent (Az068/06) 
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Specks of minerals 
Specks of iron and titanium oxides have not been included because their ubiquity renders them 
of little value as markers of provenance. 
The Tagus-Sado river basins began forming in the Cenozoic [13] and the rivers brought with 
them to what today is the region of Lisbon sediments from the interior of the Iberian Peninsula. 
These sediments are the origin of a number of inclusions of heavy elements minerals.  
Gold 
The fact that the Tagus River bears gold is well-known since Antiquity [14]. The occurrence of 
gold inclusions is not unusual in the biscuits of 16th century azulejos produced in Lisbon (figure 
13).  
 

 

 

Figure 13: Top: inclusion of gold in Az068/06; bottom: EDS spectrum at the spot marked 
depicting the characteristic Au peaks (the other peaks are due to elements in the matrix) 
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Monazite (Ce) 
Monazite (Ce) - (Ce,La,Nd,Th) PO4 - is relatively common in most all samples examined and the 
inclusions are featureless (figure 14). Two main types are apparent: Th-poor mineral in which the 
EDS content ratio in weight Th/Ce approaches zero (figure 15 top) and Th-rich mineral in which 
the ratio in weight is typically > 0.5 (figure 15 bottom). Comparing the EDS spectra of both types 
of monazite in figure 15, corresponding to monazite (Ce) inclusions in the same sample, the peaks 
that define the presence of Th (Mα1 and Mβ, indicated in the graphs by the two consecutive 
vertical marks, the first of which indicated by “Th”) are unapparent in the case of the first 
inclusion but well defined in the second. 
 

 

Figure 14: Typical featureless inclusion of monazite in sample Az032/07  
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Figure 15: EDS spectra of (Ce) monazite inclusions in Az032/04. Top: Th-
poor type; bottom: Th-rich type 
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Xenotime 
Xenotime (YPO4) inclusions were rarely found in the sections examined. Morphologically they 
are featureless and similar to monazite (Ce). Besides yttrium and phosphorous (figure 16) the 
composition of the inclusions found may include U and a variety of rare-earth elements in low 
contents. 

 

Figure 16: EDS spectrum of a xenotime inclusion in sample Az068/06. 

 
Presumptive microfossils 
In this chapter we show a number of mineral structures presumed to be fossils. Framboids are a 
bouquet of small spheroidal crystals. Fossil-like structures, on the other side, have the same 
general shape and composition but depict a multitude of what seem to be chambers (figures 17, 
18, 19). Often they are lodged in circular holes suggesting biologic activity. In some cases such 
structures are likely crystalline growths nucleated over the test of a dead animal. They may also 
result from disappearing mineral framboids whose empty spaces were filled with plastic clay. 
Whatever their nature, their morphology is repetitive and therefore may serve as a provenance 
marker. 

  

Figures 17, 18: Fossil-like structures in Az013/04. They are lodged in clear-cut holes and 
depict a mesh of seemingly empty chambers 
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Figure 19: Fossil-like structures with chambers in Az013/04. The composition is similar to 
that of the framboids - elemental maps correspond to Fe (green), O (blue) and Ca (red) 

 

5. CONCLUSION  
We have presented a systematized list of inclusions repetitively found in the biscuits of 16th 
azulejos produced in Lisbon as well as images exemplifying the several cases. These are by no 
means exhaustive as we have also identified other rarer mineral inclusions that, through 
composition and approximate stoichiometric proportions obtained from the EDS semi-
quantification, are thought to be pyromorphite - Pb5(PO4)3Cl and vanadinite - Pb5(VO4)3Cl. 
Other inclusions containing Pb, Bi or Hg may correspond to workshop residues and may also 
afford additional data on that basis. 
The research has to be followed by a more complete survey including accurate compositional 
analyses of inclusions such as monazite and xenotime, aiming at fingerprinting them from their 
contents in relevant minor, trace and sub-trace elements. Other geographic sources of majolica 
tiles such as Seville and Antwerp should also be included, with a view to determine which 
inclusions may profile each provenance location in the most straightforward manner. So… the 
results presented today are just the beginning of what we foresee as a promising new area of study 
in this field.  
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SUMMARY: Classicism and medievalism come together in Modern Architecture as a symbol of 
the ancestry of man and of western civilization. Yet, such cross roads were also explored by 
architects to comprehensively develop their own styles. In addition, the overwhelming sense of 
an «international revolution» in architecture and civilization will produce a manifestation of 
regional cultures. In this context, the glazed tiles in Aalto’s oeuvre seem interesting to explore 
because they symbolise the erudition of classicism, the importance of craftsmanship and also, the 
importance of industry under the full control of human will. 
 
KEY-WORDS: Aalto, Saarinen, tiles, Finnish, Functionalism 
 
 
 

INTRODUCTION 
Had not Xenophanes created the apeiron, Aalto’s tiles would never have been created!  
The symbolic representation of the apeiron in the Doric, Ionic and Corinthian is certainly a motif 
that links them and its metamorphosis into a coloured tile that has acquired special significance 
in Aalto’s oeuvre. Yet, in Aalto the outer circle of the anathyrōsis has acquired some life of its 
own. Perhaps as a consequence of an intricate multiple reference in which post-Enlightenment 
analytical construction regarding pillars, floor slabs and walls combines with cubist ideals. 
Namely, work on the essence of the object in space-time and the expressionist unity between an 
inner and outer world of mind are to be expressed par excellence through the object. 
The presence of the tile expresses and combines different arguments where the classical tradition, 
the vernacular tradition and craftmanship coincide. Herman Gesellius, Armas Lindgren and Eliel 
Saarinen had already given a high erudite and mature interpretation of the tiles at the Helsinki 
Central Railways Station and established some equivalence in relation to materiality and aesthetic 
expression from tile to plaster and to stone.  
Aalto’s famous curved tile presents breadth that is permeable to work in a sense of scale that 
combines the Classical and the Functionalist. A sense of architectural promenade that may 
suggest a quantum continuum, and that is a multidimensional infusion of the individual into space. 
This is due to several strategies and includes the distribution of tile within space. Thereby, 
emerges the sense of tile as a structural surface that disputes its rule with both finished and coated 
layers with main structural parts of the building. All of which can be regarded as a critical 
constructivist reading, and as ornament.  
Tiles as structural surfaces are, somehow, new or recreated afresh. Yet Gasellius-Lindgren- 
Saarinen created a strong architectural discourse in this direction and, besides, the Finnish 
fireplace acquired a strong cultural meaning. Where the characteristic tiles that were somehow, a 
combination of an inner structure and a finished surface that presented structure whose visibility 
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was given by the tile size. Akseli Gallen-Kallela did not forget this important core of architecture 
in his studio, nor did Saarinen in Hvitträsk. 
 

    
Figs. 1, 2: Herman Gesellius, Armas Lindgren and Eliel Saarinen Eliel Saarinen. Eliel Saarinen’s studio 

and residence, Hvitträsk, 1901-1903. 

Close observation of Aalto’s work on tiles versus ornament versus construction gives us some 
curious surprises. Are the fake metallic tiles at the main façade of the National Pensions Institute 
in Helsinki referenceable to tiles, to bricks or to terracotta? 
Indeed, there is a more complex approach to tiles held by Aalto. The use of different materials 
and motifs that create an architectural promenade may establish an equivalence among them and 
such equivalence would then recreate each of those materials and motifs afresh. Those materials 
and motifs will then extend and partake aesthetic qualities that were not known formerly. Perhaps 
this is the most difficult feature of architecture, but it is also a particularly fruitful one. 
Last but not least, apart from Aalto’s oeuvre it is the development of the tile industry that later 
will highlight Partek, a famous Finnish company, that manufactured the special tiles that cover 
Jørn Utzon’s Sydney Opera House. The tiles mark distinctive relation to forms and shapes that 
fly out between the water of the harbour and the sky. Yet, we may say that this is not a mere 
curiosity.  But we may think about how far Aalto’s work on tiles was a vehicle to recreate afresh 
an ancient tradition of tiles from craftsmanship to a remarkable role in architectural space and 
time. 

GLAZED FREE ARCHITECTURE 
Aalto’s Villa Tammekann, in Tartu, Estonia (1932-1933), belongs to the same type of approach 
that Alvar Aalto (1898-1976) and Aino Marsio-Aalto (1894-1949) worked on the Viipuri Library 
(1927-1933) and on the Paimo Sanatorium (1929-1932). The white option was related to the 
affirmation of concise articulated volumes but was not a definitive option because colours were 
articulated with those volumes. Despite the importance of the iconic colour scheme in the 
impressive narrow high façade of Paimio, colour was mostly a strong strategy to inner spaces. 
Yet, later, strong colour arguments are found in both inner and outer spaces and the glazed tiles 
perform a major role in overall spatial articulation along with stone, masonry and bricks.  
The white glazed tiles on the kitchen wall of the Villa Tammekann were closely related to the 
overall functionalism of the house and of the kitchen rather to some kind of classical interpretation 
of the classical orders that are found later in Aalto’s mature years. In fact, at this time, Aalto 
seems to refuse all classical ornament. As Göran Schildt notices “The second version of the 
Viipuri City Library (V.4.2) was shorn of all Classicist ornament.” Yet, the masonry displayed at 
the inner space of Villa Tammekann seems to recall other types of ornament to be combined with 
bold white arguments. 
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But glazed architecture was certainly a strong issue in architecture. Adolf Loos (1870-1933) takes 
the idea to an extreme in the Villa Müller in Prague (1928-1930). Regarding the Raumplan, we 
may say that Loos’s actual glass tiles define walls and therefore we can hardly understand them 
as decorative, but as actual space boundaries that demand a unique expression that give a spiritual 
experience to individuals. In this context, the stained-glass windows of the cathedral seem to be 
a closer reference and yet that is not certainly true of Loos, but can easily be argued as a strong 
reference to Bruno Taut and to his Glashaus (1914) due to have evidence from his drawings of 
his passion for the cathedral-in-glass. 
The nineteenth century iron-glass architecture put glass at the core of architecture, but not 
necessarily the glazed tile and this is the reason why Loos solution seems so original. The opaque 
glass tiles strongly discuss the light that transforms the surface by the metamorphosis of reflection 
as we walk through and thus they are comprehensively used as a spatio-temporal chronology to 
the Raumplan. Thus, on this sense, their use seems strongly classical following the roles of the 
dynamics of perspective such as it has been developed along the Renaissance, the Mannerism, 
the Baroque and the Neoclassical. The linearity of the corridor is an abstraction that differs much 
from the actual aesthetic experience that it provides and there are the particular characteristics of 
the glass tiles that make such a long-term interpretation of the classical architecture possible. 

GLAZED ARCHITECTURE 
Loos architecture came to discussion because of his particular attention to Greek architecture 
where he found a perfect harmony between the overall conception of the building and its 
ornament and this cultural background was also strongly important to Aino and Alvar Aalto. Yet, 
in the same way that Loos traces the origins of architecture to the cave and to the ceiling as shelter, 
Laugier had given the primitive hut a tectonic reading in his Essai sur L'Architecture (1755), and 
this idea seemed particularly important to an overwhelming reading of the architectural form at 
any age including the neoclassical architecture and the new glass-iron architecture as well as to 
vernacular architecture. However, these two ideas that were settled apart seem to combine 
because architecture is a spatio-temporal construction organised by a materiality of some kind 
that must not avoid the laws of physics.  
In general, Modern Architecture was looking for a scientific background. Even the Gestalt was a 
search for a scientific ground to perception and to aesthetics. Rationality was a demand that 
architecture could not avoid. But Modern Architecture put forward some delicate problems that 
could be summarized to understand the role of this new architecture in history and this is the task 
that Sigfried Giedion took in his hands in “Space, Time and Architecture. The Growth of a New 
Tradition” (first published in 1941). His views were particularly attractive and the effects in 
contemporary architectural theory and practice have not been discussed enough. In short, the 
distinction between Le Corbusier’s rational architecture and Alvar Aalto and Frank Lloyd 
Wright`s sensible architecture created a rational strategy for reading the history as well as Modern 
Architecture, but much remained to be explained. Thus, even today, only few scholars approach 
Aalto as a rational mind and most of them prefer to use Aalto’s oeuvre as symbol of the sensible 
and thus suitable for approaches such as the phenomenological that, nonetheless, remains 
particularly incomplete in many cases. 

Nordic Classicism 
The role of the Nordic Classicism should not be forgotten when approaching Scandinavian 
Modern Architecture and thus the role of Palladio cannot be forgotten, too. We find a strong 
Palladian influence in Aalto’s early works. But we also find such an influence in architects such 
as Eric Gunnar Asplund (1885-1940) who was a strong reference to Aalto.  
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The Woodland Cemetery (1917-1940) crowded by the colonnade owes much to Palladio’s 
strategy of approaching the site to build villas but the Villa Snellman needs some further attention 
regarding the role of rationality as such. The «imperfect» ‘L’ shape and the different rhythms of 
the windows that distinguish the ground floor from the upper floor display a certain kind of 
freedom versus rationality that only a critical eye of the classicism could create.   
Palladio introduced a compromise between rationality and subjectivity and thus the latter can be 
a strong manifestation of the reflective mind, too. Palladio stated that “There are also other heights 
for vaults, which do not come under any rule, and therefore are left for the architect to make use 
of as necessity requires, and according to his judgement”1. On this basis, the way is opened for 
further exploration of classicism itself and also with new formulae such as form-follows-function. 
Thus, a deterministic rule might be questioned from its outset, but this fact does not mean that 
classicism became an easy issue. 
Scandinavian architects such as Asplund and Aalto decided to explore classicism and we may say 
that there were two major reasons at the background. To belong to a classical, wide-ranging 
tradition presented a cultural statement that was meant to demonstrate an accurate knowledge of 
Mediterranean culture. And, on the other hand, to show the capacity of recreating it afresh 
according to universal values. Further we may not forget that the pursuit of Modern Architecture 
and universal humanist values are grounded in this approach.  
However, there is a final argument that is very important to the Finns and to their culture. Ultima 
Thule was the name that Greeks gave to this far northern land of granite, water and forests. Thule 
meant the northernmost location of the ancient world. Thus, from its beginning, the strength of 
Classical Culture was crucial by identifying a modus vivendi of a peculiar civilization. Greeks 
have thus brought the Finnish Culture into the civilization. Finland was in the far north, but it was 
there, indeed. 

Apeiron – ᾄπειρον – and Havoc  
Classical orders have been recreated afresh through history. For instance, as John Summerson 
puts it, “Borromini’s orders are outrageous and extremely expressive inventions, entirely of his 
own. So it is a mistake ever to think of the five orders of architecture as a sort of child’s box of 
bricks which architects have used to save themselves the trouble of inventing. It is much better to 
think of them as grammatical expressions imposing a formidable discipline, but a discipline 
within which personal sensibility always has a certain play – a discipline, moreover, which can 
sometimes be burst asunder by a flight of poetic genius.”2 And thus, there was a criterion 
regarding the placement of the ornament in the building. The capital and the superstructure of the 
order opposed to some extent to the body of the column.  
When Philibert de l’Orme created the French Order in 1567, it “gave logical expression to the 
fact that a column was composed of several separate stones” 3 and thus ornament was placed 
under a new rule. This was unlike the classical tradition because one of the rules of the anathyrōsis 
was to create a constructive continuity of a perfect object in its relation to the cosmos. The other 
rule was to illustrate that the cosmos inside the stone cut itself, an illustration not to be seen that, 
nonetheless, was critical in technological and symbolic meaning. Furthermore, the technical and 
technological skills that the Greeks have inherited from Egypt regarding the anathyrōsis would 
not make them think about anything else, but the continuity through the different stone blocks. 
Philibert de l’Orme approach introduced another novelty. We could say that any accurate reading 
of the orders would ever touch the continuity of the vertical of the body of the columns nervures 
because such detail was not ornament but understood as an accurate representation of apeiron and 
thus those nervures belonged to the perfect geometrico-mathematization of the intimate linkage 
between the building and the cosmos. Thus, such relations were unbreakable, sacred. 
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Reversing the classical language and the role of the order 
The clarity of Finnish Classicism, the white orders of Carl Ludvig Engel (1778-1840) displayed 
through several iconic buildings such as the Helsinki Cathedral (1830-1852) seem to leave little 
room for further recreation. The main strategy used by architects was always a strategy of 
proportion according to pursuit a specific end that could be an accurate reading of history or, 
rather, to create a strong subjective effect such as Francesco Borromini (1599-1667) did in S. 
Carlo alle Quattro Fontane, in Rome (1665-1667). Yet, the crossing lines of the Enlightenment 
and the Neoclassical seemed to refuse subjectivity and to demand aesthetic judgement to be 
rational and logical. Thus, the rule of Palladio might have been the most important phenomenon 
when Scandinavian countries and Finland, following independence, were looking for an 
important position in western culture in its linkage to the Mediterranean.  
The Finnish challenge was huge, but architects such as Carl Ludvig Engel, Lars Sonck (1870-
1956) and Eliel Saarinen (1873-1950) had already built a comprehensive revelation of the Finnish 
Culture. From the classical to the vernacular, their works were already speaking by themselves 
and other works such as the Akseli Gallen-Kallela’s studio (1911-1913) were giving special 
attention to the National Romantic that was already building the housing areas in Helsinki.  
Yet Gallen-Kallela (1865-1931) is not known for his studio but by the fact the he was the key 
figure by giving a contemporary figurative expression to the national poem Kalevala that took 
Finnish painting in parallel to the development of the Avant-garde. Thus, the Finnish Modern Art 
was going to pay attention to painting, sculpture, architecture and design and also to urbanism 
where we find Eliel Saarinen’s designs to the large Helsinki. 
 

   
Figs. 3, 4: Carl Ludvig Engel. Helsinki Cathedral, 1830-1852. 

Thus, in some sense, in a particularly short time there was a growing atmosphere of freedom and 
creativity to which we may notet the early admission of women to the academy that is short time 
gave rise to architects such as Aino Marsio. Yet, the classical was the dominant strategy at the 
academy and this is the reason why Aino-Alvar Aalto’s first functionalist buildings were so 
important in Finland and abroad. But we must not forget how hard it was for such architecture to 
be accepted in Finland and how long it took. This is a forgotten history and yet of a major 
importance. 
The first building referable to the beginning of the Modern Architecture was not Aalto’s but Eliel 
Saarinen’s Helsinki Railways Station (1904-1913). The clear use of the geometrical organization 
regarding function owes much to classicism and comprises many arguments of symmetry versus 
asymmetry which are particularly creative. Also, the discourse of materials is very effective. 
There is a comprehensive articulation of stone masonry and plaster surfaces and last but not the 
least, the green glaze plays a major role on the magnitude of the inner space. The «wavy» motif, 
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that can be read in different ways such as having a floral root, created a balance between the 
tectonic of the vertical elements that are thus stressed as a decorative motif that now belongs to 
the body of a tectonic order that seems to be more important than its capital.  
 

 
Fig. 5: Eliel Saarinen. Helsinki Railway Station, 1904-1913. 

The constructive reference to the classic composition and construction of the building is there but 
we now have a new narrative. The «apeiron» has been converted into a new atmosphere which, 
curiously, interferes more strongly in the space it defines. The three-dimensionality of the glazed 
tiles work in both ways, as furnishing a surface and also as a constructive thing that has a tectonic 
value of itself. Thus, the glazed tile became particularly important at the birth of Modern 
Architecture in Finland, but it took some time for Aalto use the glazed tiles. 
 

    
Figs. 6, 7: Eliel Saarinen. Helsinki Railway Station, 1904-1913. 

The role of the order: proportion and ornament 
Since the Renaissance the Greek and the Roman approaches to classicism were under criticism. 
The self-sufficient column of the Greeks opposed to the extensive use of the wall of Roman 
architecture that concrete made effective. Yet, the wall remained an important problem to be 
solved in relation to the orders. Alberti’s innovation in Palazzo Rucellai, in Florence (1446-1451), 
created a formula that could simultaneous brought in a closed relationship to history using the 
coliseum. But the wall itself is space, a screen for events, that remains to be understood. Frescoes 
soon became a suitable strategy to create the inner spaces that thus emerge as distinct from the 
façades. 
Perhaps, this is a too short description of architecture that has moments as for those of the  
Baroque in which the articulation of curved walls and orders gave place to complex structural 
solutions. Yet, even this tectonic novelty led to an increase in the understanding of the complexity 
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of the wall from the structural to the ornament. And this is the phenomenon that may help 
understand the way in which Aalto displays tiles in his architecture. 
Order crosses the metaphor of the human body with its basic tectonic materiality. There is the 
base and the top and between them the body of the column. Basically, three parts attached together 
that organize a system of proportions. Yet the metaphor seems too short to be effective in 
functional terms but the same does not happen with the geometrico-mathematization of the plan 
that may be effective and may not be related to the vertical proportion of an order. In this sense, 
the order itself has gained more freedom.  
In line with this type of approach is the fact that there is something rational in the basis of the 
argument. Accordingly, such rationality needs a judgement of the architect in order to find a 
solution afresh. This atmosphere clearly reflects the Palladian strategy in which the architect is 
called to exercise his freedom by a judgement. Thus, Aalto’s strategy is a possible one among 
many because the different ages of classicism have shown that classicism is more likely to open 
ways rather than to create narrow views. 
A basic relation between the ground and the ceiling is established giving some architectural 
substance to the void that is experienced. Thus, there is something basic in the column that relates 
to us but that the abstraction of the metaphor may be incomplete. Aalto prefers to work with 
pillar-like-columns rather than with Le Corbusier’s pilotis even if both may be traced back to 
classicism. Thus glazed tiles perform a major rule in this approach. 
Aalto’s glazed tiles present a comprehensive criticism of the column in which it becomes a spatio-
temporal element that organises the architectural discourse and our presence in it. And Aalto used 
a few colours, too. The distance from the floor to the line where tiles start is always different from 
the distance where they end to the ceiling. There is a clear discourse that is also tectonic by 
identifying the different parts of the architectural composition of space. Yet, Aalto’s curved 
glazed tiles display a certain depth. They are actual three-dimensional elements. So, on a similar 
way to Eliel Saarinen’s green glazed tiles in the Helsinki Railway station, Aalto’s tiles construct 
a three-dimensional surface of solids and voids whose vertical expression owes much to the 
apeiron of the Greek columns. 
Aalto’s attitude also means that he reversed the classical order extensively because the base and 
the top appear free of any ornament and the later has been moved to the body of the column. This 
means that Aalto actually had a deep knowledge of classicism and the simplification of volumes 
provided by the Architects of the Revolution was short to answer the problems of the 
Functionalism.  

The role of the order: The architectural promenade 
The pillar-like-columns will stand firmly as Aalto’s motifs, but their strength does not live of the 
column alone. The glazed tiles are displayed outside and inside the buildings. Also, a certain 
equivalence between the glazed tile and the brick is found when we bring together buildings such 
the House of Culture, in Helsinki (1955-58), the Helsinki University of Technology, in Otaniemi 
(1949-1976) and in a particular way the buildings of the new Seinäjoki public centre. But the 
white glazed bricks that we find in the Rovaniemi Library are special, too. 
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Figs. 8, 9: Alvar Aalto. Rovaniemi City Library, 1961-68.  

In general, Aalto has explored coloured tiles comprehensively in the construction of architectural 
promenades. And there are also fake tiles, too. The National Pensions Institute headquarters 
(1948-1957), in Helsinki, is one of those buildings where metamorphosis of glazed tiles is found. 
The façade facing Mannerheimintie at the Messeniuksenkatu-Nordenskiöldinkatu crossing 
displays a particularly interesting aesthetic exploration of fake glazed tiles that are made of copper 
alloy sheet. They are metallic and construct a discourse of their own where the traditional glazed 
tiles and the bricks are referable.  
The fact that they are vertically applied opposes the horizontal disposition of the bricks we find 
in the upper floors and on other parts of the building. Thus, by giving different tectonic meanings 
to the materials the fake tiles behave much as surface finishing and yet display a strong meaning 
of the surface as an actual object due to the thickness of these «tiles». Indeed, metamorphosis in 
tile-like structures and their tectonics are efficiently explored in Aalto’s works.  
This short remark on the National Pensions Institute may seem that we have forgotten the order 
in itself, but that is not actually the case. In fact, there is an extensive reference to classical 
architecture in Aalto’s work and here we have a very typical one. We can say that Aalto stressed 
the anthropomorphic character of the palazzo and the role of the fake metallic tiles is particularly 
important on interpretation of this character. Besides, that anthropomorphic character is deeply 
rooedt in the classical orders. Yet, there are buildings such as the House of Culture, in Helsinki, 
where such character is stressed by a colonnade in a way that makes one think on the Stoa.  

The blue glazed tiles of Seinäjoki 
The blue glazed tiles are a distinct mark of Seinäjoki. However, there are white and blue tiles, 
and there are the black stone and white plastered walls. Perhaps the poetic synthesis of all the 
main arguments is the large glazed window at the Parish Centre where the blue and the white 
mutually construct each other in what we may think of in other art works like the work of Henri 
Matisse at the Chapelle du Rosaire (1949-1951), in Vence, France. Aalto certainly simplified the 
colours in a white-blue dialog, but, on the other hand, he explored deeply, the dynamics of line 
and of surface in interaction with architectural space. 
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Figs. 10: Alvar Aalto. Seinäjoki Parish facilities and vicarage, 1964-1966 (Church 1958-1960). 

Differentiation of colour as well as the way in which the glazed tiles are applied on the walls 
created an architectural promenade that takes us to the upper floor. The glazed tiles are critical as 
they create changes in the way the space is perceived. That is, there is a «first» layer of basic 
geometric organization that already structures the basic intentions of the space regarding 
functional organization. But it is a second argument, or ornament, given by glazed tiles that give 
the architectural space proper scale. Also, there are the seen and the un-seen tiles that we feel we 
are going to discover as we move through the space and such discovery reveals different relations 
to space that were not previously seen and would have been barely imaginable. Consequently, 
there is a rich aesthetic experience that is glazed tiles based in an extensive way. However, 
photographs often tell little due to the strong continuity of space and time that combines the 
architectural discourse. 
 

 
Fig. 11: Alvar Aalto. Seinäjoki Town Hall, 1959-1965 (parish facilities on foreground, right).  
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Figs. 12, 13: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

This experience of the interior space starts at the portico of the Seinäjoki Town Hall that does not 
present glazed tiles furnishing its pillar-like-columns. Instead, they present black vertical slabs, 
the same type of the stone that covers the floor and gives shape to the steps of the portico. 
However, the building displays one of the most important uses of blue glazed tiles in Aalto’s 
work. Aalto´s option to apply tiles is remarkable considering the different seasons that strongly 
mark the aesthetics of the building. The architectural discourse of Seinäjoki differs deeply from 
Spring to Summer to Autumn and the winter time is particularly interesting. The lack of light is 
strongly compensated by high snow reflection and the blue tiles discuss a life independent of 
shape constructors, as colour is given. 
Snow is not only white but «whites» due how it is perceived regarding light intensity and 
direction. Also, the properties of snow in relation to the melting phenomenon versus frozen glazed 
surface making, temperature of snow fall, wind, topography and the physical objects snow 
actually covers streets, squares, lakes, different types of trees, bushes and so on. Physical objects 
have different shapes and colours to which mass and white is added. This is the most complex 
aspect to make clear by a written description, but a few aspects can be explained in Seinäjoki. In 
winter, the white around the building gives the black ground stone of the portico particular detail.  
 

 
Figs. 14, 15: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

The steps of the entrance portico are outlined like slabs superimposed one on the other. And the 
same stone gives scale to the columns. And thus, the black stone of the column gives place to 
glazed tiles as soon as we enter the building. Thus, there is a certain equivalence between the 
materiality of stone and the materiality of the glazed tiles. Besides the stone introduces a major 
argument of the glazed tiles that, in fact, are three-dimensional as in a strong high relief.  
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Figs. 16, 17, 18: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

 
Fig. 19: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

Fig. 20: Alvar Aalto. Seinäjoki Church, 1958-1960, and Parish facilities and vicarage, 1964-1966. 

Aalto’s establishes several relationships through the four buildings and the overall strategy is 
used in each building itself. For instance, the black stone versus snow is used on the other side of 
the street around the church creating porticos and passages: promenades. 
 

 
Figs. 21, 22: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

Yet, we may not forget that, from a distance, this vestibule holds the main volume so 
characteristic to the building, its iconic shape, that is entirely covered with the blue glazed tiles. 
From a distance it is a pure vibrant dynamic light surface. And yet, the fact that some type of 
glazed tiles comes so close to us through our experience of the inner intimate space of the 
building, certainly gives us another type of aesthetic experience of the glazed tiles. 

420 Full Articles

LABORATÓRIO NACIONAL DE ENGENHARIA CIVIL	 Lisbon • Portugal • 29-30 October, 2018



 

 

 
Figs. 21, 22: Alvar Aalto. Seinäjoki Town Hall, 1959-1965. 

The brick-like tiles of the House of Culture in Helsinki, 1955-58  
Aalto’s Experimental House in Muuratsalo (1953) is a phenomenal exercise of brick-glazed tiles 
discourse that the architectural discourse may embody. Under cubist collage-like-aesthetics, the 
composition informs about how deep the exploration of the duality between tectonics of the 
massive wall and surface finishing was. It is a play of appearances and meanings, the territory of 
the pure aesthetic that we find in many of his buildings and the House of Culture in Helsinki is 
one of them.  
The originality of the brick of the House of Culture has often been discussed. Its geometry makes 
both a flat surface and a curved surface possible. The strong textures combined with the way they 
construct surfaces gives them a particular three-dimensional expressionist character. Thus, there 
is a contrast to the plastered surfaces and also to a kind of intermediate solution found at the rear 
of the building where bricks are painted white giving them a different textured white expression 
where the bricks are perceived, nonetheless. However, these bricks are different, they look like 
the common structural bricks and this is the reason why the white cladding is more impressive 
giving them a metamorphosis into a white textured surface. 
 

 
Figs. 23, 24: Alvar Aalto. Experimental House, Muuratsalo, 1953. 

The new glazed-like surface: plexiglass 
The term ´plastic’ may seem highly outrageous to an architect whose oeuvre is regarded world-
wide as nature based but that idea might not be the most suiable to approach his work on many 
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ways and much remains to be studied. The problem starts with the fact that there are regular 
shapes in nature. From the cell to the crystal, to the geometry of the sun flower, although these 
are geometric shapes found in nature, these shapes are not the shapes of the topography that is 
built on. Besides, it is strange that a regular form of nature whose development across millions 
of years of functional selection suddenly becomes efficient to solve the problems of living, such 
as defining rooms and the shapes of openings.  
This problem takes us back to the classic. In fact, the reading of Aalto’s work from the natura 
naturata tries to explain that there is a relation of the summa rerum versus origo rerum that is not 
found in the work of other architects, but it is found in his work. And thus, it would be a perfect 
fulfilment of the classic in a kind of overwhelming approach beyond rationality. Indeed, there is 
the myth and the reality.  
 

 
Figs. 25, 26: Alvar Aalto. House of Culture, Helsinki, 1955-58.  

When Kari Jormakka analysed the case of Sunila he noticed that “The fan pattern is not 
determined by topography, despite its symbolically ‘natural’ appearance in contrast to the strict 
rectangular grid of the factory. Rather, both parts in Aalto’s design are equally independent of 
natural landscape and actually respond more to each other than to anything else. The module of 
the houses is used in the negative to organize the factory layout: the width of the houses 
corresponds to the voids between the factory buildings.”4 And yet he proceeds by finding 
classical roots in the approach “in the Nolli map depiction of Rome where in the center, the small 
white spaces are open courtyards, while on the outskirts of town, the small black spaces represent 
the solids of the villas”.5 
Aalto explored extensively the geometrico-mathematization of buildings and combined it with 
tectonics and with the appearance of materiality. Therefore, the problem of mimesis has to be a 
historical problem among many, not one to be followed in a special way and especially not one 
that could restrict the freedom of poetic creation, of architectural discourse. Thus, the unique 
plexiglass column is a very special element at ground level in the lobby to the cellar auditorium. 
  

 
Figs. 27, 28, 29: Alvar Aalto. House of Culture, Helsinki, 1955-58. Entrance to the secondary auditorium 

(view from west), vestibule at the ground floor and “column” with brick-like-tiles at the ladder. 
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There seems to be no doubt that recalls the pure glazed element. The opaque white has a shape 
very similar to the Savoy vase and the high quality of the material means different reflections and 
light-shadow play. Perhaps this is the white poetic Ultima Thule of the White snow-ice as Aalto 
saw it! 

Glass stories: art and nature  
Aalto’s glazed tiles wouldn’t have been possible without the emergence of the new Finnish 
artistic glass that comprises a whole approach to glass materiality and colour from craftmanship, 
to design, to sculpture. This is a tradition that was renovated along with the development of 
Modern Architecture and deserves attention. This is an artistic environment where artist met, 
architects, designers and sculptors certainly worked on ideas of glass and ceramics expression 
that mingled intricately.  
In 1993-1994, Finnish glass made a symbolic journey across Europe and in particular 
representative works were displayed in the cities of Porto and Lisbon, at the National Museum 
Soares dos Reis (18.09-10.10.93) and at the National Tile Museum in Lisbon. Twenty-seven 
artists were represented, Alvar Aalto (1898-1976), Aino Marsio-Aalto (1894-1949), Brita Flander 
(*1957), Kaj Frank (1911-1989), Görand Hongell (1902-1973), Heikki Kallio (1948-1993), 
Mikko Karppanen (*1955), Valto Kokko (1933-2017), Mikko Merikallio (*1942), Tiina 
Nordström (*1957), Kerttu Nurminen (*1943), Gunnel Nyman (1909-1948), Heikki Orvola 
(*1943), Markku Salo (*1954), Timo Sarpaneva (1926-2006), Taru Syrjänen (*1953), Inkeri 
Toikka (1931-2009), Oiva Toikka (*1931), Vesa Varrela (*1957), Jorma Vennola (*1943) and 
Tapio Wirkkala (1915-1985). The work of Björn Weckström (*1935) was not shown among the 
other artists. 
 

 
Fig. 30: Melting snow-ice at the lake shore. Early spring. Pyhäjärvi, Tampere. 

Fig. 31: Herman Gesellius, Armas Lindgren and Eliel Saarinen Eliel Saarinen. Pohjola insurance company 
building, Helsinki, 1899-1903. 

Fig. 32: Floating broken glass at the Helsinki harbour 

Actually, the new tradition of Finnish glass came along with ceramics and new porcelain design 
and some of these artists worked in ceramic art and design, too.I n this context, we may note that 
Aalto glazed tiles were porcelain and long lasting and resistant to thermal amplitude where we 
may find winer -40° Celcius in contrast with summer +30° Celcius. Thus, they have not shown 
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the pathologies that the Carrara marble carries through the years at the Finlandia Hall, in Helsinki 
(1962-1975). 
Few years earlier, in 1986-1987, in Savonlinna, the Retretti Art Centre devoted special attention 
to Finnish glass, to sculpture. Björn Weckström (1986) and Timmo Sarpaneva (1987) represented 
unique opportunities to be acquainted with glass sculptures and with its impressive varieties of 
expressions, from broken glass to melted glass, from clear glass to coloured transparent glass, 
from transparent glass to opaque glass, and to the dialogue between glass and stone. In this sense, 
the site presented a strong argument due to the stone, and the artificial caves where the special 
atmosphere to be crossed by the poetic light that was able to give life to the works. 
Perhaps, what could be exaggerated regarding the duality of Aalto’s work and mimesis might 
may not be under stressed regarding, for instance Timmo Sarpaneva’s work. To experience of 
nature, say the frozen lake through winter and spring gives us different notions of ice and snow, 
different appearances of white and clear or white ice. When all water of atmosphere becomes 
snow and the lake surfaces freeze, the liquid water continuously flows under and follows the 
streams of gravity and thus the upper level of the water goes down and the ice goes down, too, 
otherwise it would lack its support. Yet, this phenomenon is seen only in the shore where we may 
see the broken glass, its layered crystalline structure showing different types of ice, different 
colours whose genesis is its original formation that can be the direct water or, rather, different 
types of snow, different layers that come from those types of snow from successive melting-
frozen layers. The solid ice, the one which has a massive glass appearance is created when 
temperatures fall abruptly from a few degrees over zero to -10° C, -20° C. 
 

 
Fig. 33: Timmo Sarpaneva. Sculture at the Retretti Art Centre, 1987. 
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Fig. 34: Timmo Sarpaneva. Sculture at the Retretti Art Centre, 1987. 

Fig. 35: Timmo Sarpaneva. Sculture at the Retretti Art Centre, 1987. Pierced by the Sun’s Shaft, 1987. 
Sculpture in clear and white glass and granite, 60x55x50cm (hxwxd), today at the House of Tampere 

Concert Hall. 

 
The glass design of Aino Marsio and Alvar Aalto are references to Finnish Modern Design and, 
indeed, there is a glass tradition in Finland. Iittala and Muurla symbolise the exploration of 
craftmanship and creativity in glass art. Their designs have explored an expression on the glass 
that takes us to the ice itself, to its crystalline structure, to the different ways ice appears in nature 
throughout the year. From the clear glass to the white glass much of their aesthetic qualities 
resemble the experience of the ice in nature, the snow-ice experience. 
 

 
Figs. 36, 37: Timmo Sarpaneva. Sculture at the Retretti Art Centre, 1987. 

 
However, it was in sculpture that the glazed object is explored. From its inner structure to the 
changeable character of the surface the sculpture object does not need to pursue an end like the 
design object does and therefore the exploration of pure expression falls into a degree of higher 
liberty. Perhaps, the Finnish approach to glass is the ultimate-intimate approach to the the Ultima 
Thule. 
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Figs. 38, 39: Tampere, Näsijarvi. Lake shore. 

THE SYDNEY OPERA HOUSE: A FINNISH DREAM? 
Jørn Utzon architecture is certainly one of the revelations of Scandinavian Modern Architecture 
and distinct from that of Aalto. Yet, we may remark on a certain hidden gesture of the classical 
in the Sydney Opera House (1956-1973). György Doczi has made an analysis of  the Sydney 
Opera House showing a modulation based on the golden section and on the √5 and thus its sails 
have been worked upon some geometrico-mathematical base so keen to the moderns to whom 
the order of geometry was both certainty and a historical testimony to be recreated afresh.6 Thus, 
we may reflect on how far Nordic classicism was a source of rationality and poetics, of freedom 
and innovation.  
The inner spaces oppose the magnificent concrete structure to the wood that defines objects in 
space like in the huge vestibule of the concert hall, reflects a specific Scandinavian signature 
where wood brings the huge scale into a more comfortable scale of the individual, that is a 
humanization of the architectural space. But, the most iconic images came from the outside, from 
the harbour view, from the shore or from the many boats that cross the water. 
Surface technology has its own place in the history of mankind up to the present technology of 
surface mechanics. Glass-ceramics is one of those surface technologies. In Finland, the rise of 
Modern industry, namely the Arabia Factory, was a highlight that rooted that tradition to new 
design. Yet, tile technology was strongly developed, and the design of the Sydney Opera House 
challenged materiality and a solution for the finishing of the curved-like-sail surfaces, and glazed 
tiles were the answer. 
 

 
Figs. 40, 41: Jørn Utzon. Sydney Opera House, 1956-1973. 
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The Sydney Opera House tiles were manufactures by the Swedish Partek Höganäs company 
which had important development in Finland in the 1970’s and 1980’s. In the late 1980’s, as one 
would be invited to the company headquarters in Helsinki, we could be acquainted to the fact that 
the company was proud of those tiles that were e created, developed and manufactured for the 
Sydney Opera House only. State-of-the-art surface coating was required and the company 
planned to develop this technology for mass produced tiles. 
 

 
Figs. 42, 43: Jørn Utzon. Sydney Opera House, 1956-1973. 

The tile composition radicates from two colours and two finished coatings. As they are seen from 
distance all tiles look white, but they are a perfect articulation of two colours, white and cream. 
Besides, they are matt and glazed. Thus, the basic diamond shape is illuminated and gives the 
Sydney Opera House a sparkling result that provides a rich aesthetic experience throughout the 
day and night, and all the year. 
We could say that the Sydney Opera House tiles in many ways, represent the creativity of 
Scandinavia art, design and technology and their ability to be brought into architecture by the 
philosophy of the Industrial Arts. We may not forget the central rule that Taideteollinen 
Korkeakoulu performed on the cultural and industrial development of Finland. Similarly, other 
Scandinavian countries founded institutions or study programmes. The university was regarded 
by the Finns as the University of Industrial Arts and was later renamed University of Art and 
Design Helsinki and today it is part of the Aalto Universit 
 

 
Figs. 44, 45: Jørn Utzon. Sydney Opera House, 1956-1973. 

Culturally, to the Finns, all development from the craftmanship to the industrial through the 
aesthetic was synonymous with Finnish sisu that can be translated as perseverance, but never-
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ending-perseverance could be a better translation. If one aims at a complete and comprehensive 
story that may bring craftmanship to state-of-the-art technology, glazed tiles are certainly at the 
core of such story and Aino-Marsio and Alvar Aalto are certainly privileged actors. Aalto’s 
oeuvre also takes us to the debate of the role of classicism in Modern Architecture. The 
representation of the apeiron – ᾄπειρον – in Aalto’s columns synthesize an ancient tempo former 
to the classical where the intellectual work and craftmanship were not two distinct ideas. Perhaps, 
there were many ways of inquiring into history, but the heuristic exploration of bricks and glazed 
tiles held by Aino-Marsio and Alvar Aalto was certainly remarkable and needs further 
exploration. 
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SUMMARY: In the present study, the chemical compositions of the glassy phase in various 
glazes from 17th century majolica tiles, or azulejos, are presented. The microstructures of the 
glazes were also characterized. The glaze samples were collected from a set of twelve azulejos 
from the National Tile Museum (Museu Nacional do Azulejo), of which ten are attributed to 
Portuguese production and two have an uncertain provenance; one is seemingly from Portugal 
or Spain and the other from Flanders or Spain. The chemical analysis was performed by 
electron probe microanalysis (EPMA) on polished cross-section samples, in regions free of 
particles and without painting, to avoid contamination by colorants. Results revealed that the 
glassy phases are lead-alkali silicate glasses with contents of SiO2 in the range 55-61 wt%, 
PbO between 20-28 wt% and total alkali (Na2O + K2O) contents in the range 7.1-9.2 wt%. The 
contents of CaO are very low, usually not exceeding 1.5 wt%, whereas the contents of Al2O3 are 
relatively high, in the range 4.4-6.5 wt%, except for the azulejo presumably from Flanders or 
Spain. The glassy phase of that azulejo contains a much lower content of Al2O3 (ca. 2.5 wt%) 
than those of Portuguese azulejos and the highest content of CaO (ca. 2.5 wt%), which indeed 
points to a non-Portuguese origin. The glassy phase of the azulejo from Spain or Portugal is 
comparable to those of Portuguese production. In a general way, the compositions obtained for 
the glassy phases of Portuguese azulejos show higher contents of SiO2 and Al2O3 and lower 
contents of CaO than the compositions reported for glazes of Renaissance Italian majolica from 
Urbino and Pesaro.    
 
KEY-WORDS: azulejos, majolica, glazes, glassy phase, EPMA. 
 
 

INTRODUCTION 
Portuguese 17th century majolica tiles, or azulejos, are coated with a white opaque lead-tin 
glaze typically decorated with in-glaze polychrome patterns. These tin-opacified glazes exhibit 
a heterogeneous microstructure due to the presence of the opacifying crystals of cassiterite 
(SnO2), gas bubbles and a variable amount of crystalline particles dispersed on the glassy phase.  
In the present study, the glazes of a set of azulejos were analysed in order to determine the 
chemical composition of the glassy phases. The main goal of this analysis was to obtain the 
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average composition of the glassy phase of glazes from Portuguese 17th century azulejos to be 
used as reference in the production of a model glass for corrosion studies of this type of glaze. 
Although initially this analysis was not intended to be an archaeometric study, the composition 
of the glassy phases may be of interest for provenance studies as it provides information about 
the base composition of the glazes, thereby contributing to the distinction of production centres 
and periods. In addition to the chemical characterization, the microstructural features of the 
glazes were also characterized. 

MATERIALS AND METHODS 
A set of twelve azulejos representative of the different typologies of azulejos found in Portugal 
from the late 16th to the early 18th centuries were selected for analysis (Figure 2.1 and Table 
2.1). The tiles were provided by the National Tile Museum (Museu Nacional do Azulejo, 
Portugal) and the glazes were in apparent good condition. Of the twelve azulejos analysed, ten 
are attributed to Portuguese production and two have an uncertain provenance, one is seemingly 
from Portugal or Spain (PT 01x) and the other from Flanders or Spain (SCT 38). 

 
Figure 2.1: Azulejos from the collection of the National Tile Museum selected for the analysis of the 

glazes glassy phase by EPMA. 
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Table 2.1: Description of the azulejos selected for the glazes glassy phase analysis. 

Ref. azulejo  Date (AD) Provenance  Colours of painting 

PT 01x 1590-1615 Portugal or Spain blue and yellow  

PT 10 1620-1660 Portugal blue and yellow  

PT 11 1620-1640 Portugal blue and yellow 

PT 40 1700-1720 Portugal blue  

PT C01 c. 1720 Portugal blue and purple 

SCT 07 1630-1640 Portugal blue and orange 

SCT 08 1620-1660 Portugal blue, yellow and orange 

SCT 13  1650-1670 Portugal blue, yellow, orange and olive-green 

SCT 15 1630-1640 Portugal blue and yellow  

SCT 20 1660-1680 Portugal blue and yellow 

SCT 29 1650-1670 Portugal blue, yellow, emerald-green and dark brown 

SCT 38 1590-1610 Flanders or Spain blue, orange and yellow 
 
Small samples of the glazes of a few mm2 were dry cut with a diamond saw, further embedded 
in cross-section in epoxy resin (Araldite® 2020) and polished with abrasive and Micro-Mesh® 
papers down to 12000 grit (2 m). 
All samples were observed by reflected light optical microscopy (OM) using an Axioplan 2® 
Zeiss microscope equipped with an incident halogen light illuminator (tungsten light source, 
HAL 100) and a digital Nikon camera DXM1200F, with Nikon ACT-1 application program 
software for photomicrographs.  
The chemical composition of the glazes glassy phase was determined by electron probe 
microanalysis (EPMA) using a Jeol JXA-8500F at the Laboratório Nacional de Energia e 
Geologia (National Laboratory of Energy and Geology) equipped with five wavelength-
dispersive spectrometers (PET, LiF, TAP and LDE1 crystals). The operating conditions used 
were: accelerating potential 15 kV, beam current 10 nA (major and minor components). An 8-
10 μm diameter electron beam and limited counting time (10 s for major and minor elements, 
20 to 30 s for trace elements) was used. The samples were carbon coated prior to analysis. 
Seventeen elements were quantified: X-ray Kα lines were analysed except for lead (Mα lines) 
and tin and barium (Lα lines). The net X-ray intensities (peak minus background) were 
quantified by means of PAP correction programs supplied by Jeol. A ~50um x 50um area, free 
of silica or feldspar particles, was scanned. 
To verify the accuracy of the method, reference glasses of known composition (Corning C and 
D) were analysed under the same experimental conditions as for the samples. The calculated 
concentration values showed accuracy better than 3% for the major element oxides (≥ 1 wt%) 
and better than 25% for the minor element oxides (≤ 1wt%). The EPMA settings used in this 
study allow most of the oxides to be analysed in concentrations as low as 0.02-0.05 wt%. 
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RESULTS AND DISCUSSION 

Microstructure 
The optical microscopy analysis revealed only one glaze layer - the white opaque - in all 
azulejos. The average thickness of the glazes varied from 250 to 800 m. When observed in 
polished cross-section, the yellow, orange and dark brown colours were found to consist of a 
well-defined layer at the glaze surface composed by the pigment particles (Figure 3.1 (a) and 
(b)). In the azulejos PT 10, SCT 08, SCT 15 and SCT 20, the blue colour also forms a distinct 
layer, but in this case with none or very few particles, thus it is transparent. Nevertheless, some 
diffusion of the blue colour into the white region can be observed (Figure 3.1 (c)). The green 
colorant is very well dissolved in the glaze glassy phase, staining the glaze section throughout 
(Figure 3.1 (d)). 
 

  

  
A – layer of orange painting  
B – white opaque glaze 

C – ceramic body 
D – layer of dark brown outline 

E – layer of blue painting 
F – diffusion of green painting 

 

Figure 3.1: Photomicrographs of polished cross-section samples of the studied azulejos obtained by OM: 
(a) area with orange painting of azulejo SCT 08, showing a well-defined layer of yellow and red particles 

at the glaze surface; (b) area with dark brown outline of azulejo SCT 29, showing a thick and uniform 
layer of purple and red particles on top of the white glaze; (c) area with blue painting of azulejo SCT 15, 

showing a transparent blue layer at the glaze surface; (d) area with green painting of azulejo SCT 29, 
showing the diffusion of the green colour through the glaze section. 

 
 

(a) SCT 08  (b) SCT 29  

(c) SCT 15  (d) SCT 29  

A 

B 

D 

C 

B 

C 

B 

E 
F 

C 

B 
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The photomicrographs obtained from the EPMA analysis showed that in some azulejos the blue 
layer is free of particles, whereas in other samples it contains very fine crystals (< 2 m) 
uniformly dispersed (Figure 3.2). In the white areas of the glazes, a heterogeneous 
microstructure can be distinguished showing large bubbles, angular crystalline particles and 
agglomerates of fine crystals of cassiterite distributed in the glassy phase (Figure 3.2 (b) and 
(e)). A previous study of the azulejos with the reference “SCT” has shown that the angular 
crystalline particles consist mainly of quartz and K-feldspars [1]. 
 

 
 

Figure 3.2: Photomicrographs of polished cross-sections of the glazes of azulejos SCT 15 and SCT 20, 
acquired in a an area with blue painting: (a) and (d) transparent blue layer at the glaze surface (OM); (b) 
and (e) EPMA photomicrographs showing the blue layers free of large crystals and the heterogeneous 
microstructure of the white opaque glazes, containing large bubbles, angular crystals of quartz and K-

feldspar (black) and clusters of fine cassiterite crystals (white); (c) and (f) detail of the blue layers, 
showing the presence of fine particles (< 2 m) uniformly dispersed. 

The OM and EPMA observations obtained in this study are consistent with the microstructural 
features reported by other studies on Portuguese azulejos [1-3]. 

Chemical composition 
The chemical compositions of the glazes glassy phases are reported in Table 3.2. As expected, 
the glassy phases are lead-alkali silicate glasses with the SiO2 contents in the range 55-61 wt%, 
PbO between 20-28 wt% and total alkali (Na2O + K2O) contents in the range 7.1-9.2 wt%. The 
contents of CaO are low (0.3-2.6 wt%) whereas the contents of Al2O3 are relatively high (4.4-
6.5 wt%), except for azulejo SCT 38. 
In Table 3.1 is reported the average composition of the main oxides found in the glassy phases 
of the glazes from Portuguese azulejos in comparison to the contents obtained for the azulejos 
PT 01x and SCT 38; ie, those of uncertain provenance. As can be seen by the low standard 

SCT 15 

SCT 20 

(a) (b) 
(c) 

(f) 
(e) (d) 

blue 

white 

blue 

white 
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deviation values, the contents of the main oxides in the glassy phases of Portuguese azulejos are 
similar, except for the content of CaO, which presents a slightly higher variation. 
The glassy phase of azulejo SCT 38, which is presumably from Flanders or Spain, contains a 
much lower content of Al2O3 and a higher content of CaO than those of Portuguese production 
(Figure 3.3 and Table 3.1). This significant difference in the contents of Al2O3 and CaO indeed 
points to a non-Portuguese origin. However, it should be stressed that these differences may 
result not from “local” recipe but rather from the composition of the ceramic body, as Al and Ca 
may derive from the digestion of the body by the glaze during firing. On the other hand, the 
glassy phase of the azulejo PT 01x, from Spain or Portugal, is comparable to those of 
Portuguese production. 
 

Table 3.1: Average content of the main oxides in the glassy phases of the glazes of azulejos attributed to 
Portuguese production in comparison with the contents obtained for the glassy phase of azulejos PT 01x 

and SCT 38. 

Glassy phase   Na2O Al2O3 SiO2 K2O CaO PbO 

In the glazes of Portuguese azulejos  
(average, n=10) 

wt % 2.98 5.49 58.9 4.96 1.02 23.0 

σ 0.44 0.69 1.7 0.84 0.54 1.8 

In the glaze of azulejo PT 01X wt % 2.32 5.28 58.8 5.81 0.70 23.3 

In the glaze of azulejo SCT 38 wt % 2.70 2.37 58.5 4.46 2.64 25.6 

 

 
Figure 3.3: Bivariate plot of CaO versus Al2O3 content measured in the glassy phases of the glazes from 

the azulejos provided by MNAz, dating from late 16th to early 18th centuries. 

 
Comparison of the compositions of the glassy phases in glazes of 17th century Portuguese 
azulejos with data from studies on Italian majolica revealed that, in a general way, the glassy 
phases of Portuguese azulejos contain higher contents of SiO2 and Al2O3 and lower contents of 
CaO than the compositions reported for the glassy phases in glazes of Renaissance Italian 
majolica from Urbino and Pesaro [4-5]. 
 
 
 
 

SCT 38 
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CONCLUSIONS 
In the present study, the glassy phase in glazes of azulejos used in Portugal in the 17th century 
was chemically characterized. Although the main objective of this study was not the 
characterization of production centres or determination of manufacturing provenance, the 
chemical analyses of the glazes glassy phase revealed distinguishing features of the azulejos of 
Portuguese production relative to one azulejo presumably manufactured in Flanders or Spain. 
The glassy phases in the glazes of Portuguese azulejos are lead-alkali silicate glasses with 
similar contents of Na2O, Al2O3, SiO2, K2O, and PbO. The contents of CaO presented a greater 
variation, ranging from 0.3-2.1 wt%, even so these contents are lower than those usually 
measured in the glassy phase of glazes of Renaissance Italian majolica from Urbino and Pesaro. 
On the contrary, in a general way, the contents of SiO2 and Al2O3 in the glassy phases of 
Portuguese azulejos are higher to those reported for Italian majolica. 
The azulejo presumably manufactured in Flanders or Spain has a distinct composition from the 
remaining azulejos, presenting a higher content of CaO (2.64 wt%) and a significantly lower 
content of Al2O3 (2.37 wt%) than the average content found in the glassy phases of Portuguese 
azulejos (1.02 wt% and 5.49 wt%, respectively). This difference in composition suggests a non-
Portuguese origin. 
Other azulejo of uncertain provenance, presumably of Portuguese or Spanish production, has a 
composition comparable to those of Portuguese production. 
For further conclusions on the manufacturing provenance of these azulejos, a more detailed 
analysis of glazes (trace elements, microstructural features and the identification of the 
crystalline particles) and ceramic body (chemical and mineralogical composition as well as 
textural features) would be needed. The assignment to a specific manufacturing provenance is 
only possible if the production centres of glazed ceramic tiles are well characterized. At the 
present the studies focusing on the characterization of the 17th century manufacturing centers of 
glazed tiles are scarce. 
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SUMMARY: A research group including Museu Nacional do Azulejo (Portuguese National 
Azulejo Museum), Laboratório Nacional de Engenharia Civil and Laboratório HERCULES of 
University of Évora joined forces to elucidate the beginnings of the production of faience azulejos 
in Lisbon during the mid-16th century. During the first part of the study SEM-EDS and XRF 
spectra were acquired from glazes and ceramic bodies of azulejos sampled from panels, single 
tiles from the Museum collections  and archaeologic finds. By comparing spectra obtained on 
significative areas it is possible to obtain a glimpse of affinity or of dissimilarity pointing to a 
similar or to a different officinal origin. In many cases such a preliminary approach is very 
important to orient the selection of cases for more detailed analytical examination. However, for 
that purpose it is necessary to consider the spectra taking into account the material, for instance 
considering what may be important and what should best be discarded and why, for the purposes 
of such a screening. This communication addresses the subject through exemplary cases. 
 
KEY-WORDS: Provenance studies; majolica; archaeometry; tiles, XRF, SEM-EDS. 
 
 

INTRODUCTION 
Studies of provenance of ceramic items or most other heritage specimens usually rely on 
analytical quantification followed by some form of “objective” decision-making to aggregate 
clusters of (hopefully) objects with the same provenance. Such studies often produce an 
impressive array of instrumental results, out of which it is increasingly difficult to make sense, 
even when the researcher is personally certain that there must be some way to extract a measure 
of reasonably trusty conclusions from the data. Looking for objectivity to base the conclusions 
the researcher will apply a number of numerical methods some of which stemming from the 
statistical treatment of the data.  
Three methods often encountered are the use of ternary plots, the calculation of Euclidean 
distances followed by an interpretative visualization through dendrograms and principal 
component analysis (PCA) or one of its specialized derivatives. In PCA an imaginary space of as 
many dimensions as one has variables is represented and the quantitative result of each item is 
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set as a single point in a system of orthonormal axes in that space. Then the mathematical 
approach will determine a direction in that space onto which the spread of the points will have a 
maximum extension, and other directions, orthogonal to the first, corresponding to the second, 
third, etc largest spread. All the points are now projected into a new reference system of axes 
following those directions and (hopefully) points that might otherwise be near one to the other or 
even superimposed are now spread well apart making it possible to define clusters (figure 1). 
 

 

Figure 1: Tentative clustering after a Principal Component 
Analysis of azulejo ceramic body compositions defined by their 

contents in seven different chemical elements. 

PCA is a powerful and impressive tool and its results can be very elucidative. However, there is 
a catch in all those methods and it is the same in all statistical decision-making: at some point the 
researcher is always called to make a subjective decision. Why exclude from a cluster another 
result very near its limits in the graphical representation? How to know whether a point included 
in a boundary is not actually an outlier from some other different cluster? Or, in general, what are 
the critical values of the test statistic that separate the rejection from the non-rejection region?  
We are not going to propose a solution ruling away all subjectivity. On the contrary, we shall 
discuss another subjective approach to help cluster glazed ceramic specimens based solely on 
spectroscopic spectra but applicable to other analytically complex objects. A compelling feature 
is that it does not require quantification, resorting directly to the graphical spectra themselves and 
the subjectivity derives from the need to verify whether the closeness between spectral results is 
sufficient to grant tentative clustering. In this method special attention should be placed on using 
the same analytical equipment and the same conditions (e.g. the same acquisition time) to acquire 
the spectra and used under the same conditions. If conditions differ, they may affect the relative 
size of peaks and the evenness of the baselines making comparability more difficult.  
Glazed ceramics offer at least two different spectra for comparison, those acquired from the glaze 
and those acquired from the ceramic body. Information from both can be useful to attribute the 
geographical their provenience. A similarity of ceramic bodies might suggest a same geographical 
origin and a similarity of glazes might point to the use of a same formulation or workshop. 
But spectra are not just graphs in an x-y coordinate system - peaks have a chemical meaning and 
can be translated into elemental contents if one knows the material and has the means for that 
second step. In all cases they offer a wealth of information but it is necessary to know how to 
interpret them and for that it is necessary to have knowledge about the materials, the analytical 
techniques used, and the counterparts of the analytical results. 
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In this paper, we discuss the elemental nature of glazes and ceramic bodies and explain their 
consequences on the approach proposed. Although we have also successfully used this approach 
with spectra obtained on sites with an energy-dispersive X-ray fluorescence (ED-XRF) portable 
analyser, we shall exemplify it solely with spectra acquired by scanning-electron microscopy 
coupled with energy-dispersive spectroscopy (SEM-EDS). The examples pertain to our on-going 
research with faience azulejos. 

THE MATERIAL OF FAIENCE AZULEJOS 

The glaze 
Faience azulejos (figure 2) are a layered material in which a previously fired ceramic base (the 
ceramic body) is overlaid by a glass layer eventually painted with pigments able to withstand 
temperatures of over 1,000 ºC and then fired a second time. During this second firing, pigments 
become encased in the glass, which becomes a glaze by connecting to the ceramic body in a very 
durable manner, as long as there is a degree of compatibility between them.  
 

 

Figure 2: Part of an azulejo panel at Igreja da Graça in Lisbon. At the 
corners where the glaze detached, the underlying cream or reddish 

ceramic body became visible. 

The main components of a tin glaze, traditionally used in faience azulejos, are, by atomic number 
(Z): sodium (Na, Z=11); magnesium (Mg, Z=12); aluminium (Al, Z=13); silicon (Si, Z=14); 
phosphorus (P, Z=15); potassium (K, Z=19); calcium (Ca, Z=20); titanium (Ti, Z=22); iron (Fe, 
Z=26); tin (Sn, Z=50); and lead (Pb, Z=82). Of those, the main elemental components of the glaze 
are Si (the amorphous glass is formed from silica), Pb (a fusing agent that lowers the fusion 
temperature of silica from ca. 1900 ºC to about one third of that value), and K or Na or both (also 
fusing agents that are incorporated into the glass structure altering the viscosity of the molten 
glass and its rate of retraction during the cooling phase). The content in Sn derives from the use 
of tin oxide as opacifier, turning the otherwise translucent glaze into an opaque white “canvas” 
over which a decoration may be painted. 
Any other elements “found” in the glaze with the average XRF or EDS instruments must be 
viewed with the utmost caution particularly when one presses a button and accepts flatly an 
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instrumental quantification. For instance, the presence of sulphur (K1 2.309 and K1 2.465 
emission lines) in glazes is usually an artefact resulting from confusion with peaks of lead (M1 
2.342 and M1 2.444 emission lines) and there are also a number of mystifying artefact peaks 
resulting from the elements constituent of the analytical instrument or unavoidable atomic 
phenomena such as escape and sum peaks. However since the method of directly analysing the 
spectra profiles is purely comparative, one do not have to be much concerned with recurring 
misidentifications or repetitive technologic artefacts.  
We should have in consideration that from the elements mentioned above, the size of Sn peaks 
or the resulting quantifications by non-destructive XRF are not to be trusted unless the acquisition 
area is very considerable. Sn crystals form during firing of the glaze and often aggregate in a 
manner that, with small measuring areas as imposed by the size of most samples, the acquisition 
may fall on an area with no Sn at all or, on the contrary, where a high content is concentrated. Sn 
(L1 3.444 and L1 3.663 emission lines) also interferes with the main peak that should be used 
to identify Ca (K1 3.692 emission line), rendering this element much less valuable in the 
characterization of glazes than it is in ceramic bodies from which Sn is absent. Often it is better 
to do without considering the low Ca content at all. 
Sometimes a comparison of spectra gives an hypothetical insight into workshop practises: i) a 
high Na content may mean that sea salt was added to the glaze; ii) relatively high contents in K 
and Al together suggest an addition of K-feldspars; iii) P and Ca together suggest an addition of 
bone dust, maybe to increase the opacification iv) concomitantly high contents of Mg, Al, K and 
Ca may mean that the workshop master added some clay to the glaze components maybe in hopes 
of improving its compatibility with the ceramic body. 
An important reminder is that when the glaze is fired over the ceramic body and the surface of 
the ceramic is partially digested by the molten glaze [1] many alien elements, and also more Na, 
Mg, Al, P, Ca, Ti and Fe are incorporated into the glaze (figure 3). Ti, Fe and other minor-content 
elements may also be introduced as contaminants e.g. of the sand. Pinpointing a geographical 
origin from the glaze may be possible if there is information on recognizable patterns in the 
composition in major elements but resourcing to low-content elements may be problematic 
because lead and tin oxides were usually not of local origin and a number of sources could be 
used for the alkali oxides, all of them affecting the chemical composition as far as minor or trace 
elements are concerned. 
 

   

Figure 3a, b, c (left to right): A crystal of ilmenite (FeTiO3) in the process of detaching 
from the ceramic body and interacting with the glaze. 3a) BSE image of the glaze-ceramic 

body ceramic body interface; 3b) map of Ti; 3c) map of Fe 
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The ceramic body 
Analysing the ceramic body is rather more complicated than the glaze because the raw materials 
are often sedimentary marls where many chemical elements are found, including rare-earths 
brought (in the case of Lisbon) by the rivers from the granite hinterlands of the Peninsula. The 
major elements routinely found are the main components of aluminium silicates (Na, Al, Si and 
K) plus P, Ca, Mg, Ti and Fe. Given certain technological procedures, the ceramic body may also 
incorporate a significant amount of Pb (in some cases up to 8%), particularly in the region nearest 
to the interface with the glaze. While analysing the ceramic body Pb should be neglected when 
comparing spectra because of its space-dependence but the fact that a high content of Pb is present 
may itself be a relevant piece of information on the technology used. 
Of the utmost importance when studying the provenance of glazed ceramics is the notion of where 
the materials were obtained from. For instance due to the good sources of marl clays and sand 
close to Lisbon it is highly probable that they were obtained locally. In other cases such as with 
the tiles from Flandres, information exists about the import from other countries of their clays 
and marls and this information should be therefore taken into consideration (1).  

INSTRUMENTAL MEANS AND SOFTWARE 
The direct comparison of spectra can be applied with any instrumental means returning 
reproducible area or volume compositional spectra, although some technologies are more 
appropriate than others for the specific purpose pointed here. Energy-dispersive X-ray 
fluorescence (ED-XRF) is better adapted for the quantification of elements starting with Z=13 
(aluminium) and therefore misses or is not sufficiently accurate in the cases of Z=11 (sodium) 
and Z=12 (magnesium) which are important for clustering, as will be seen. However even XRF 
spectra obtained with hand-held analysers from the face of tiles can be used, and we have applied 
that method in a preliminary study (unpublished) aimed at tentatively selecting the cases that 
would be more thoroughly studied within the present research project. During that preliminary 
phase we observed that a good fit of replicated XRF surface spectra obtained from white areas of 
different 16th century azulejo panels was a quite reliable means to pinpoint possible common 
workshop provenances. The technology has the advantages of application on site and of being 
wholly non-destructive. 
SEM-EDS, with its confirmed repeatability in the quantification of low-Z elements such as Na, 
Mg and Al, was, however, the preferred technique. However, for it to be useful in graphical 
comparisons it is very important to consider the peaks of several low-content elements in detail 
and therefore we should depict the SEM-EDS spectra in a logarithmic scale. 
Azulejo panels, loose tiles and fragments were sampled by removing small fractions of the glaze 
with ceramic body attached. All samples were identified with a code of the type “Az abc/de, in 
which “abc/de” is a unique alfa-numerical code. The samples were stabilized in resin, cut to 
obtain a flat section, polished for SEM observation and analysed with EDS.  
SEM-EDS observations and analyses were made at the HERCULES Laboratory in Évora using 
a HITACHI 3700N SEM coupled to a BRUKER XFlash 5010 EDS. The specimens were 
uncoated and the selection of areas was made in back-scattering mode (BSE) with air in the 
chamber at a pressure of 40Pa and at an accelerating voltage of 20.0 kV. The acquisition of spectra 
was done in the same conditions with the detector set at ca. 8 mm distance from the surface of 
the specimens. 
The back-scattering mode relies on electrons from the incident beam that are back-scattered out 
of the specimen without losing their initial energy. Since heavy elements (those with higher 
atomic numbers in the Periodic Table) backscatter more electrons than light elements (those with 
low atomic numbers), areas with heavier elements in their content appear brighter (or “whiter”) 
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in a back-scattered image and thus give information about the composition of the specimen under 
observation. Since the glaze of an azulejo has a high lead-content and the tin oxide opacifier or 
the yellow pigments have a still overall higher atomic mass, their image is much whiter than the 
image of silica or feldspar inclusions in the glaze, or the ceramic body that contain mostly low-
atomic weight elements such as silicon, aluminium, potassium and calcium. BSE imaging is 
therefore ideal to select areas of the glaze as free of inclusions as possible as well as areas of the 
ceramic body where the glaze has not penetrated. 
All EDS spectra acquired were saved in XY-ASCII format (.spx file extension), opened and saved 
as a graph with the Artax™ spectral analysis PC software as used with the Bruker Tracer III and 
other XRF analysers of the same brand. All other alternatives are acceptable as long as they allow 
the saving of an EDS spectrum on a logarithmic scale.  

OBTAINING AND INTERPRETING SPECTRA 

The glaze 
Figure 4 depicts the section of a late 16th century or early 17th century azulejo ready for the 
acquisition of a compositional spectrum of the glaze by EDS. The rules when choosing the area 
are three: 

- avoid, if possible, areas where the glaze is not perfectly clear (avoid e.g. pigmented or 
corroded areas); 

- avoid as much as possible all inclusions (the darker inclusions are grains of sand and 
feldspars and if a significative percent of the test area includes e.g. grains of sand that 
did not take part in the formation of the glaze, then the acquisition will lose 
reproducibility and any clustering may be less reliable for that reason); 

- avoid using point quantification but always area quantification- try and choose a 
significative area. An area of ca. 0.04 sq mm (200 x 200 µm) or larger would be excellent 
but areas equivalent to 100 x 100 µm are often satisfactory in a clean glaze- 
“satisfactory” means that if the acquisition is repeated in a different day, on a different 
area of the same glaze, with the same instrument within the same operational parameters, 
the result will be practically the same (“practically the same” being judged by 
experience, given the uncertainties involved in the acquisition procedure). 

 
 

Figure 4a, b (left to right): Tile Az008 and selection of an area ca. 200 x 150 µm for EDS 
acquisition. Albeit including some tin crystal agglomerations, the selection avoids the darker 

inclusions and is satisfactory because the tin content will not be used anyway. 
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Figure 5a, b (top to bottom): 5a Image of the EDS spectrum of the glaze of a 17th century 
tile (Az008) from Lisbon workshops; 5b) Span of interest in the spectrum with peaks 

identified (Sn and Ca will usually not be used). 

Figure 5a: depicts the spectrum acquired after smoothing (not strictly necessary) and exporting 
as indicated before. The relevant part of the spectrum with the peaks that define the elements of 
interest to our discussion are identified in figure 5b. As explained before, Sn and Ca peaks will 

not be used in our presentation. 
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The ceramic body 
Figure 6 depicts the section of a specimen obtained from tile Az031A, a fragment of an azulejo 
from the 1558 Antwerp panels of the Palace of Vila Viçosa, ready for the acquisition of a 
compositional spectrum of the ceramic body by EDS. The rules when choosing an area are set by 
the same concerns as for the glaze. Here we should avoid all larger inclusions (small pebbles 
included in the ceramic bodies are usually no larger than a length of 300 µm in Portuguese 
azulejos of the late 16th century and the Flemish samples are similar). The size of the area is 
determined by the size of the inclusions that cannot be avoided. We did a blind test by acquiring 
spectra for three 500 x 500 µm ceramic body areas of a Portuguese ca. 1570 azulejo without 
concern for any inclusions and the spectra superimposed almost perfectly. So: 

- avoid, if possible, areas including inclusions any of which represents more than ca. 5% 
of the full area; 

- avoid areas too near the glaze-ceramic body interface where the lead may have 
penetrated (noticeable by the incipient formation of glass or the strikingly lighter colour 
of the boundaries of inclusions when seen in the back-scattered electrons mode of the 
SEM); 

- never use point quantification but always area quantification- try and choose a 
significant area. An area of ca. 500 x 500 µm would be excellent but areas equivalent to 
300 x 300 µm or even less are often satisfactory. 

 

  

Figure 6a, b (left to right): Tile Az031A and selection of a ceramic body area ca. 350 x 110 
µm for EDS acquisition. Albeit including some tiny inclusions, the larger ones were 

avoided. 
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Figure 7a, b (top to bottom): 7a) Image of the EDS spectrum of the ceramic body of a 
1558 tile from the workshops of Antwerp (Az031A); 7b) Span of interest with peaks 

identified. The region marked Pb includes several transitions of the element and should 
not be considered since it results from the penetration of the glaze into the ceramic during 

the firing process. 

USING SPECTRA 
Figure 8 depicts two different Hispano-Moresque tiles (Az65 e Az66) with no relation between 
them except that they are in the archives of the Museu Nacional do Azulejo without a register of 
the site from which they were removed (the museum was formed much after the tiles were 
removed from convents and churches sold to private parties in the mid-1800s) and are thought to 
count amidst the latest to have been imported from the workshops of Seville. The spectra of the 
two glazes are depicted in figures 8a1 and 8b1. Figure 8c depicts both spectra superimposed. For 
this purpose, they were made comparable by exactly adjusting the height of the Si peaks and since 
the baseline differed as a consequence of the varying duration of both acquisitions, the blue 
spectrum of Az066 was sectioned in two halves just after the Pb peak and without any alteration 
of the scale the baselines were brought to coincide as closely as possible. After some experience 
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by the reader about the consequences to spectra of the variability of the glaze compositions, a 
close observation of figure 8c will strongly suggest, notwithstanding the relevant different in the 
K contents, that unless direct proof on the contrary (e.g. from historical sources) is available, both 
tiles should be tentatively clustered together as coming from the same production centre and 
maybe even the same workshop. 

 

 

 

 

 

Figure 8 a, a1, b, b1, c (left to right and top to bottom). 8a, a1) Sample Az065 and glaze EDS 
spectrum. 8b, b1) sample Az066 and glaze EDS spectrum. 8c) EDS Spectrum of Az066 

(blue) superimposed over Az065 (red). 
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On the other side, EDS spectrum of sample Az065 can be compared with the spectrum of Az008 
in figure 5a to verify that they are indeed different (Figure 9). 

 

Figure 9: EDS spectra of samples Az065 (red) and Az008 (green)- the peaks of Si have been 
equalized and, as can be seen, the peaks of Al, Pb and K differ substantially. 

CONCLUDING REMARKS 
In this communication, we discuss material aspects of glazed ceramics having a counterpart in 
SEM-EDS spectra and how they should be acquired, interpreted and possibly used as the first 
stage of a study on provenances without resorting to elemental quantification.  
The ceramic bodies of azulejos are made, in most cases, from raw materials locally sourced but 
clays from the same geologic strata could be used by many workshops. The glazes seem to be 
more promising whenever it is desired to identify specific workshops or, at least, technological 
circles sharing the same technology. 
This is not a solve-all method but rather one that has borne fruit for an initial screening and the 
formulation of arguable hypotheses as to the possible clusters. The full method proceeds with a 
study of the morphology of the glazes, their composition as pertains the Si/Pb ratio, the ceramic 
bodies again based on the simple but highly significative ratio Ca/Si and the mineral inclusions 
found in them. But that is a subject needing a few more papers to develop… 
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Notes to the text 
1. A marl compatible with the glaze is not available everywhere, nor easily recognizable when 
available. For a time, manufacturers were not aware that they could improve the characteristics 
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by mixing several clays and adding calcite and sand. In the case of Flanders, local researcher Kate 
van Lokeren Campagne has found proof that for a time marl was even imported from England 
[2]. But in the case of Lisbon and Seville there were ample sources of adequate marl available 
locally and they had been known and used well before faience azulejos were first manufactured. 
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SUMMARY:  During the 19th century azulejos started to be used mostly in urban façades, a 
novel application that opened the way for the “faience towns”. However, by the late 1930s, 
azulejos were considered something outdated, unworthy of integration in the modern 
architecture. Later, with the reintroduction of the azulejo in the Brazilian modern architecture 
during the 1940s, its role as a regional mark rooted in a prestigious history was also 
recognized by the young Portuguese architects who started integrating them in modern 
constructions in the first half of the 1950s. 
Porto stands as a Portuguese town where modern azulejos were used not only in a striking 
number of works but also with great creativity. However, the references in the bibliography are 
scant, compared to Lisbon.  
The aim of this paper is to present the use of modern azulejos in Porto, revealing some 
unknown cases that mark the period in the town. The discussion will be illustrated with an 
overview of the city’s urban expansion in that period 
 
SUMÁRIO: Durante o século XIX os azulejos começaram a ser utilizados principalmente em 
fachadas urbanas, uma nova aplicação que abriu o caminho para as “cidades de faiança". No 
entanto, no final da década de 1930, os azulejos eram considerados ultrapassados, indignos de 
integração na arquitetura moderna. Mais tarde, com a reintrodução do azulejo na arquitetura 
moderna brasileira nos anos 1940, o seu papel como marca regional enraizada numa história 
de prestígio também foi reconhecido pelos jovens arquitetos portugueses, que passaram a 
integrá-los nas construções modernas na primeira metade dos anos 50. 
O Porto ergue-se como cidade portuguesa onde não só os azulejos modernos eram utilizados 
num número impressionante de obras, mas também com grande criatividade. No entanto, as 
referências na bibliografia são escassas, em comparação com Lisboa. 
O objetivo deste artigo é apresentar os azulejos modernos do Porto, revelando alguns casos 
desconhecidos que marcaram o período na cidade. A discussão será ilustrada com uma visão 
geral da expansão urbana da cidade nesse período 
 
KEY-WORDS: Azulejos / Porto / Modern architecture / Portugal 
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INTRODUCTION 
Whenever they could be afforded, azulejos were one of the favourite materials for the finishing 
and decoration of walls in Portugal over the centuries [1-3]. Some studies have been 
undertaken, specifically in the field of art history of the modern movement in Portugal, with the 
identification of modern azulejos in public spaces in the main Portuguese towns [4-10]. 
However, information relating to integrated modern azulejos in Porto city is scant. 
After the Second World War, the process of urban expansion was particularly fast and intense. 
Portuguese urbanization was varied with a progressive concentration of people and economic 
activities along the coastline and around the two main cities, Lisbon and Porto [11]. The 
concept and style of cities altered from the 1940s to the 1950s due to the many technological, 
social and cultural transformations [11]. The industrial dynamism felt throughout Europe was 
reflected in the Portuguese ceramic industry where improvements in technology were matched 
by the increased integration of azulejos in architecture [12]. 
As earlier discussed by the authors [13], Portuguese azulejos have a continuous history of 
architectural integration spanning five centuries. During the 19th century, azulejos started to be 
used mostly in urban façades, a novel application that opened the way for the growth of 
“faience towns” in Portugal and Brazil. However, by the late 1930s azulejos were considered 
something outdated and unworthy of integration in the modern architecture while Modernism 
did not immediately assimilate their use [14, 15]. With the reintroduction of the azulejo in 
Brazilian modern architecture during the 1940s, its role as a regional marker rooted in a 
prestigious history was recognized by young Portuguese architects who started integrating them 
in modern constructions in the first half of the 1950s. 
Porto stands as a Portuguese town where modern azulejos were not only used in a striking 
number of works but were also used with great creativity. However, written references are scant 
as compared to Lisbon.  
This paper discusses the use of modern azulejos in Porto, illustrating a number of examples of 
use that marked the period in the city. The discussion will be illustrated with an overview of the 
city’s urban expansion in that period. 

OVERVIEW OF PORTO CITY URBAN EXPANSION  
Until the middle of the 18th century, the city of Porto was centred within its walls [16, 12]. With 
the first signs of industrialization in the late 19th century, industrial structures and basic 
infrastructure began to be built, allowing a fast access to the most remote areas of the city. 
During the first years of the 20th century, the progress of Porto was marked by a significant 
urban expansion to the outlying areas with a progressive incorporation of the rural zones [16].  
During the 20th century, the city of Porto saw the introduction of schemes, cartographic studies 
and developments related to the different political periods and inspired by three main figures. 
The early years of the Republican Regime as seen in the work of Barry Parker1 who applies the 
principles of the "Garden City"; in the Estado Novo where the monumentality of the studies of 
the Italian urbanists, Piacentini2 and Muzio3 is seen, and the influence of Robert Auzelle4 at the 

                                                           
1 Barry Parker (1867-1941). British architect was part of the Arts and Crafts Movement, defending 
the Picturesque and practising the principles of the "Garden City" [17: p. 53]. 
2 Marcello Piacentini (1881-1960). Italian architect and urbanist [17: p. 53, 18: p. 81]. 
3 Giovanni Muzio 1893-1982) graduated in Milan where he pursued his professional activity [17: p. 
53, 18: p.81]. 
4 Robert Azulle (1913-1983). French urbanist [17: p.53]. 
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beginning of the change to a democratic regime, when the premises of the Modern Movement 
were constructed [17, 19]. 
In 1932 the engineer Ezequiel de Campos5 produced the Prólogo ao Plano da Cidade do Porto 
where he defined a vision of the City as a whole, creating the first truly modern plan for the 
city. Although this project did not have immediate results, it represents an important stage in the 
urban development of Porto [16, 19, 22, 23]. In the plan of Expansão da Cidade do Porto four 
circumferences are drawn (figure 1): the first involved the old town, the second the access roads 
to the city, the third was called the "rural periphery", and the fourth was characterized by the 
abundance of "rural villages". However, ‘de Campos’ plan was not followed-up and in the 
1930s the city still had a large rural area, while at the same time urban expansion was 
progressing at great strides although in a chaotic way [16, 19, 22, 23].  
 

  

Figure 1: Left: Plant of Porto - Ezequiel de Campos’ concentric circumferences [22], right: 
Panoramic view of Porto city in 1930 [19: p.69] 

Under the Estado Novo regime, the cities suffered from the effects of an over-rational approach. 
Old constructions that were not monumental were unappreciated and the desire to highlight 
public works, for example with new large avenues, resulted in the sacrifice of older houses [24]. 
During the 20th century, the urbanism intensified and became crucial in the evolution and 
organization of the urban expansion of Porto [23].  
From the 1940s, architects applied the fundamentals of the Modern using a radical and 
extremely considered approach. These developments enabled modernisation, especially in the 
field of housing, integrating new materials and construction systems [17].  
The fragmented vision of the city gave place to a new perspective and the urban town began to 
be considered as a whole. To create a Plano Geral de Desenvolvimento Urbano the city hall 
recruited the Italian urban planner Marcello Piacentini, between 1938 and 1940 and later 
Geovanni Muzio, between 1940 and 1942 as technical consultants [18, 19, 20, 23]. However, 
the plan was suspended with the death of Duarte Pacheco6 in 1943 [19, 23]. A few years later, 

                                                           
5 Ezequiel Pereira de Campos (1874-1965). Portuguese engineer, economist, writer and politician 
[20, 21, 22]. 
6 Duarte Pacheco (1900-1943). Portuguese engineer and statesman. Public Works Minister of Estado 
Novo regime he led the development of a set of works that have changed the country [25, 26]. 
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Antão de Almeida Garret7 was in charge of a new study and presented the Anteplano Regional 
do Porto, which was faithful to the ideas of Ezequiel de Campos, proposing an organization 
based on "nucleus of the neighbourhood” involving housing, services, trade and employment 
[19, 23]. The city also witnessed a growth in height in a process of "verticalization" that shows 
its splendour in Porto in the "skyscrapers" of a dozen of floors that were built in the Place D. 
João V in the late 50's [24].  
After the first decades of the 20th century, there was a considerable increase of population in the 
peri-central and peripheral areas (figure 2). The already industrialized region saw a new phase 
of development, through the installation of new industries. The creation of these industrial 
complexes in the areas of expansion of the city lead to the settlement of the working population 
around these industries, first in the "islands" and later in the working-class districts [17]. 
 
 

Figure 2: Map of the city of Porto in 1950. Dark areas corresponding to the edified zone [28] 

In 1956 the Plano de Melhoramentos para a Cidade, prepared by the technical services of the 
City Hall of Porto was introduced to eradicate the "islands" and to solve the problem of 
economic housing [19]. In 1962 the Plano Diretor da Cidade was elaborated by Robert Auzelle 
and approved in 1964. The plan was an attempt to combat the increase in traffic safeguarding 
the modernization of the urban network, creating a hierarchical structure [17, 19]. It was 
undoubtedly this urbanization that most marked the city of Porto in the second half of the 20th 
century [28]. 
The Fernando Távora8 study in 1969 to save the old part of the City, which Auzelle planned to 
demolish, raised awareness of the need to preserve the historic urban heritage [19]. Elsewhere 
the city continued to follow the concept of development of a modern metropolis with an 
increase in height from 1957 and the number of buildings with more than five floors as a result 
of the new urban plan approved in the 1952 Regulatory Plan [12, 19]. The azulejo was present 
as an element in the city architecture, often providing great architectural contrasts [12]. 

Number of examples of use that marked the period in the city 
Porto stands out as a Portuguese town where modern azulejos were used in many cases and with 
great creativity. The authors believe that these cases are worth paying attention to, not only 
because they mark an architectonic period in the city, but also because of their originality at the 
European level.  
                                                           
7 Antão de Almeida Garrett (1896-1978). Civil engineer, artillery officer, town planner and teacher 
[27]. 
8 Fernando Távora (1923-2005). Portuguese architect graduated by the School of Fine Arts of Porto 
in the year 1952. Member of Organização dos Arquitectos Modernos (ODAM) [29, 30]. 
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The discussion considers all use of glazed ceramics with decorative content. Table 1 shows the 
cases in Porto and Vila Nova de Gaia in a first review (48 and 3 respectively). Figure 3 
illustrates the location of each building where integrated azulejos are found, the majority 
outside the historical centre of the city (the orange circle in the map), may correspond to the 
expansion experienced in that period from the centre to the periphery. 

Table 1: Number of azulejos found in Porto and Vila Nova de Gaia 

Cities Number of cases 
Porto 48 

Vila Nova de Gaia 3 
 
 

 
Figure 3: Map of Porto and Gaia with modern buildings with 

integrated azulejos considered for this paper. 

In the following sections, examples of azulejos integrated in the modern architecture of Porto 
are presented. The relevant lining of walls is considered when the whole façade is finished for a 
significant percentage of the area, usually more than 50%, intended for aesthetic impact.  
All cases are considered from the point of view of a street walker and sometimes a pattern can 
be found in several different buildings. At least three different buildings in distinct areas with 
the same pattern were identified, as can be seen in figure 4, where each group was defined with 
a different colour and the distances of each other vary between 600 m (minimum) to 6 km 
(maximum). 
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Figure 4: The map of the city of Porto showing different buildings in distinct areas, with 
integrated azulejos of the same patterns. 

 
The cases that were considered relevant were those made up of a single repetitive pattern, as 
can be seen in figure 5, those made up of a single pattern but with unlined walls interrupting the 
continuity of the pattern, sometimes using glass mosaics known in Portugal by the name of the 
brand Evinel (figure 6) or marmorite 9 (figures 7 and 8), which were options that often 
complemented or replace azulejos as linings of the modern buildings.  

                                                           
9 A mixture of aggregates (marble, granite, glass, quartz, …) with a cementitious binder, a polymeric 
one, or a combination of both. After drying, it is sometimes polished to obtain a uniform surface 
[31]. 
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Figure 5: Building in Porto with integrated azulejos. Rua da Constituição Nº 30 

 

  

Figure 6: Building in Porto with integrated azulejos. Rua da Constituição Nº 699 
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Figure 7: Several buildings in Porto with integrated azulejos. Rua de Bento Júnior Nº 97-99 

 

  

Figure 8: Rua da Boavista Nº 433 
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The aesthetic value is decreased or even lost when the decorative glazing has decayed, as can be 
seen in figures 9 and 10. The impression is affected by both the alteration of colours and the 
design and even by the loss of azulejos themselves (figure 10), modifying the entire 
composition. Therefore, conservation is essential to enable the recognition of modern azulejo 
linings as a heritage asset representing a unique movement in Europe. 
 

   

Figure 9: Integrated azulejos in Porto buildings depicting decay. Left: Rua de António José da 
Silva Nº 60; center: Rua da Constituição Nº 699; right: Rua de 5 de Outubro Nº 139 

 

  

Figure 10: Rua Faria Guimarães Nº 69 
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One interesting aspect in Porto is the fact that several buildings even have interesting azulejo 
integrations in streets of low-cost housing where a cheaper solution might be expected.  
Most cases depict a modern repetitive pattern, in general with a simple design that may be 
locally produced and often found at street level or covering most of the façade, as can be seen in 
the figures 11 and 12 respectively. In most of the cases, such patterns are rarely seen in Lisbon 
and, as far as we know, they are also not found in the literature. 
 

  
Figure 11: Rua Dr. Alves da Veiga Nº 21 

 

  

Figure 12: Rua de Moreira de Sá Nº 145 
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Interesting examples can be seen in figures 13 and 14 where, although the patterns used in the 
buildings are the same, the geometry of the application is different, and the perception of the 
composition is modified in each case. The azulejo used is very simple with a green background 
and a black line creating the design. By using this design and only changing the position of 
alternate azulejos, a new and totally different composition is created.  

  

Figure 13: Building with integrated azulejos in Rua Faria Guimarães Nº 257 

 

 

Figure 14: Private house with integrated azulejos in Rua Oliveira Martins Nº 19 
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In the modern azulejos, it is common to find a pattern that can be used in more than one 
position, creating a world of possibilities with the same azulejo. Figure 15 shows another 
example. Three different buildings were found in distinct areas, one being Vila Nova de Gaia, 
where the azulejos used have the same pattern and colour, white and green, while the position 
of application is different. In each case, the impact on viewers is very different as if it was a 
"game of position".  

   

Figure 15: Three geometries of application with the same pattern. Left: R. de Júlio Dinis Nº 
896; centre: Av. da Boa Vista Nº 1624; right: Av. da República Nª 1473 (Vila Nova de 

Gaia) 

Figures 16 and 17 show two examples where the integration of azulejos is somewhat different. 
In the first, the use of glazed ceramics with a protruding front and in shades of the same colour 
creates texture, variety and interest in façade areas that would otherwise be rather plain and 
uninteresting.  
 

  

Figure 16: Building with integrated azulejos in Rua de João das Regras Nº 101 
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In the second case, the azulejo has lines and shades in the same colour that create a pattern 
when seen from a distance. 

  

Figure 17: Praça Guilherme Gomes Fernandes Nº 90 

 
The following images demonstrate several modern azulejos with a single repetitive pattern 
integrated in buildings in the town. The patterns found are in general very simple and the beauty 
of the entire set results from the “game” of colours, or the manner in which the lined areas are 
harmonized with the rest of the façade. 
 

   
Figure 18: Left: Rua do Bonjardim Nº 832; center: Rua das Doze Casas Nº 83; right: Rua de 

João Pedro Ribeiro Nº 729 
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Figure 19: Left: Rua Faria Guimarães Nº 363; center: Rua Faria Guimarães Nº 471; right: 

Rua dos Vanzeleres Nº 334 
 

   
Figure 20: Left: Rua de João das Regras Nº 94; center: Rua de Latino Coelho Nº 26; right: 

Rua do Bonjardim Nº 1206 
 

   

Figure 21: Left: Rua do Bom Sucesso Nº 35; center: Rua Dr. Alves da Veiga Nº 89; right: 
Rua de Cunha Júnior Nº 50 
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A slightly different case often not considered to be attractive (which is subjective) is the 
example in figure 22, where the building is lined with a rather uninteresting pattern and colour 
often seen in interiors. However, the entire ensemble acquires an inevitable aesthetic dimension 
for the viewer. Through the use of bold colours, yellow and orange, and because the lining 
covers most of the façade, it imposes itself on passers-by and, even though it cannot be really 
considered a modern pattern, the conception is relevant in terms of the impact created. 
 

 

Figure 22: Building with integrated azulejos in Rua do Monte Cativo Nº 81 

CONCLUSION  
Azulejos have been one of the favourite materials for finishing and decorating buildings in 
Portugal over the centuries. However, there has been scant mention of integrated modern 
azulejos in the town of Porto. 
In this paper, the authors present a number of examples of integrated modern azulejos in the 
architecture of Porto. Due to urban expansion, which was particularly fast after the Second 
World War, Porto expanded significantly to the periphery during the second half of the 20th 
century. As reviewed by the same authors elsewhere [13] Brazilian modern architecture, 
influenced by an unexpected recommendation by none other than Le Corbusier, re-introduced 
the use of azulejos in the 1940s leading to the integration of Portuguese modern buildings 
starting in the first half of the 1950s. 
The modern azulejos were used with great creativity in Porto. It was possible to verify that the 
azulejo is a predominant element of several buildings in the city, often in magnificent 
architectural contrasts, of which 48 cases located in diverse areas of the city (most of them 
located outside the historical center), were selected to provide a list of relevant cases in 
Portugal. 
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Sometimes, a single repetitive pattern is found in more than one building and with different 
choice of position, creating new compositions. Occasionally the glass mosaics Evinel or even 
marmorite were used in harmony with azulejos where they sometimes complement each other 
in modern buildings. Modern azulejos with a decorative content significantly modify the 
appearance of buildings, creating an aesthetic impact that enhances their uniqueness. 
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