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F o r e w o r d 

The Federative Republic of Brazil 
and the Federal Republic of 
Germany are two countries with 
great differences and with many 
equalities: Brazil, in the Southern 
hemisphere, a large country with 
tropical climate, progressing indu­
strialization; Germany, in the 
Nothern hemisphere, a smaller 
country with moderate climate and 
with large tradition including the 
consequences like environmental 
pollution. In spite of such signif­
icant differences both countries 
have very much in common, both 
countries maintain close links in 
politics, culture, economy, and not 
at least in sciences. Both countries 
belong to the same culture circle 
and both countries cultivate and 
protect their cultural heritage in­
cluding historical monuments. 

It is twenty-five years ago that the 
German and Brazilian governments 
signed an agreement to support the 
cooperation in scientific research 
and technological development. 
While in the starting phase the 
focus of the cooperation was on 
nuclear technology, the spectrum of 
cooperation has meanwhile broad-
end and covers areas like marine 
sciences, basic sciences, informa­
tion technology, materials research, 
remote sensing, energy research 
and ... and... and not at least 
environmental research and techno­
logy. This area of cooperation is 
one of the most recent ones, first 
joint activities started only in 1987. 
It enjoys a very positive develop--, 
ment: at present about thirty pro­
jects are being carried out involving 
an even larger number of German 
and Brazilian institutions, compris­
ing universities, governmental 

organisations, research centres and 
commercial enterprises. While 
some of the joint projects are car­
ried out between two partners, one 
from Brazil, one from Germany, 
other projects require contributions 
from several partners, each of them 
having expertise in a different field. 
The project IDEAS - Investigations 
into Devices against Environmental 
Attack on Stones - is one of this 
character following a multidiscipli-
nary approach. Five German part­
ners are cooperating with four 
Brazilian institutions, thus indica­
ting the complexity of the problems 
tackled within the project. The 
working groups include researchers 
with expertise in lithology, air 
pollution and air chemistry, micro­
biology, stone conservation and 
finally also experts dealing with 
concepts of the conservation of 
historical monuments. The scienti­
fic investigations required effective 
coordination of the working groups 
to reach the required synergism. 
All those who are fulfilling such 
tasks will know how difficult it is 
just to fix a date for a meeting af a 
larger number of individuals of 
different institutions in two coun­
tries. I am convinced, the scientific 
coordinators of this project have 
done a good job. 

In the present brochure the coopera­
ting scientists present their findings 
which are a kind of general guide­
line how to approach a planned 
restoration or preservation of a 

.historical monument .rather than to . 
offer a recipe to be followed merely 
mechanically. The project was 
designed to compare the impact of 
environmental pollution - including 
its anthropogenic components - on 

stone materials used in unique 
historical monuments like the 
prophets of the famous sculpture 
"Aleijadinho", the Igreja São Fran­
cisco in Ouro Preto or the ancient 
Cathedral of Aachen. The compari­
son gave the chance to investigate 
specific constituents of the impact 
prevailing in Brazil or in Germany. 
Thus, the comparative results are 
beneficial to both, German and 
Brazilian experts, dealing with the 
protection of historical monuments. 

The close cooperation between 
Brazilian and German scientists not 
only led to this present document 
but has also led to two more pro­
jects investigating mortar systems, 
especially concerning the problems 
of salt and moisture. Additionally 
two workshops on concepts and 
problems of conservation of histori­
cal monuments have been held in 
Belo Horizonte (1992) and in 
Dresden (1993). Furthermore, the 
participants of the IDEAS project 
decided to extend their collabora­
tive investigations on the impact of 
air parameters on stone materials 
for some more years. 

I think this is a remarkably positive 
balance of cooperation under the 
governmental umbrella of 1969. 
And, at the end, it should be men­
tioned that such productive coop­
eration could not have been realized 
without the assistance of the Brazi­
lian and German governments and 
the support of further institutions in 
Brazil ..and Germany like the 
BMFT, CNPq/IBAMA, FAPEMIG 
and others who contributed by 
various measures. 

Helmut K. Bianchi 
German coordinator for the Brazilian/German cooperation 
in environmental research and technology 

November 1994 
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Generals 



1.1 About the IDEAS Project and this Document 

Natural stones are often regarded as 
"immortal". But in tact they too are 
subject to destruction processes 
which can lead more or less quickly 
to changes in their original form. 
So to preserve buildings and 
monuments created by man, the 
curator of monuments has to inter­
vene and resist the natural decay of 
stone material. 

Even if this "resistance" has been 
successful throughout many centur­
ies in the sense of preservation of 
the material substance of buildings 
and monuments, in the last few 
decades an increasing acceleration 
of stone decay has been detected: 
the comparison of photographs of 
medieval sculptures in natural stone 
taken in Germany around the turn 
of the century with the originals 
today verifies in many cases an 
alarming process of destruction, 
particularly in the last few decades. 

Destruction of monuments can also 
be observed in Brazil. This applies 
in particular to many sculptures and 
facades in soapstone and quarzite 
from the 18th century in Ouro 
Preto and Congonbas (Minas 
Gerais), 

The accelerated decay of natural 
stones in building monuments in the 
last few decades must obviously be 
seen in connection with new effect 
mechanisms which join the weath­
ering processes known up to now. 

One of the causes of these new 
mechanisms must be in particular 
the steadily rising air pollution 
through anthropogenous substances. 
So it has become an urgent task to 
investigate the causes and effect 
mechanisms of progressive stone 
decay and develop methods and 
processes for the protection and 
maintenance of monuments in 
natural stone. 

The project IDEAS (Investigations 
into Devices against Environmental 
Attack on Stones) has committed 
itself to this aim. The project was 
born from a proposal presented in 
1988 to the German/Brazilian 
Mixed Commission for Technolo­
gical Cooperation by the Technolo­
gical Center Foundation of the 
Minas Gerais State/Brazil, "Funda-
cao Centro Tecnológico de Minas 
Gerais" /CETEC. The specific 
agreement for the IDEAS project 
signed in 1988 made possible, for 
the first time in the area of invest­
igation into environmental influ­
ences on monuments in a wide 
framework, an international, inter­
disciplinary cooperation in very 
different geographical and climatic 
conditions. 

The objective of the project was, 
for selected monuments and mater­
ials, 

- to adapt a methodology for the 
investigation and evaluation of 

stone decay, 

- to analyze and compare the 
weathering behaviour of Brazi­
lian and German stone materials 
under different climatic condi­
tions and 

- to develop conservation strate­
gies. 

The methodological approach of the 
project is represented in the first 
illustration: 

For limited types of stones and a 
few selected monuments a historical 
and technical documentation was 
drawn up. The used stone materials 
were exemplarily documented and 
characterized, material changes due 
to chemical, physical and biological 
processes were examined. Parallel 
to this meteorological data as well 
as air pollution were determined 
and the microbiological coloniza­
tion examined. After an evaluation 
of the results of the primary survey 
first conservation measures were 
tested in subsequent laboratory 
experiments. These measures are at 
present being subjected to longer 
observations in "in situ" experi­
ments and contribute to conserva­
tion concepts. 

The organizational structure of the 
IDEAS project as well as the parti­
cipating institutions are shown in 
the next illustration. 
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The project activities were deve­
loped is both Brazilian and German 
sites, involving several exchanges 
of researchers. Eight workshops 
and field campaigns were carried 
out, as well as six steering commit­
tee meetings in Brazil and Germany. 

The results of the research project 
IDEAS are documented in about 50 
"IDEAS CIRCULAR", various 
interim reports and articles in 
specialist journals and proceedings 
of specialist congresses. At the 
request of the Project Steering 

Committee the work and results of 
the project should additionally be 
made accessible to a wider circle of 
experts working in the field of 
monument preservation in a 
compacter, more lucid and more 
understandable form. This report is 
to fulfil mis task. It in no way 
claims to describe comprehensively 
the present state of the research in 
stone decay or stone conservation. 
It rather gives an account of the 
experiences and findings which 
were gained in the framework of 
the IDEAS project from certain 
objects (and here only in parts) and 
certain materials. So the report 
describes specific, possibly in one 
case or another even singular situa­
tions, and is thus far from being a 
practical "manual" for restorators 
in the field of monument preserva­
tion. However for restorators who 
are concerned with the scientific-
technological basics of their work 
or have to carry out experimental 
or research work on specific ob­
jects, it could represent a valuable 
source of information on possible 
approaches to work, investigation 
methods and transference of re­
search results to practical restora­
tion work. 

The report is structured as follows: 
The principal results and conclu­
sions of the project are being 
presented in chapter 1.2 "Summary 
of the Interdispiinary Results of the 
Working Groups". The objects and 
sites of the project research are 
described in chapter 2, the invest­
igation methods and results are 
presented in chapter 3. Conserva­
tion and restoration procedures are 
object of chapter 4. This chapter 
also presents the conservation 
conceptions for selected mon­
uments. 

14 
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Finally at this point thanks must be 
given to the institutions who made 
possible the Project IDEAS. They 
are on the German side 

BMFT - Bundesministerium fur 
Forschung und Technologie 
(German Federal Ministry for 
Research and Technology) 

and on the Brazilian side 

CNPq - Conselho Nacional de 
Desenvolvimento Cientifico e 
Tecnológico (Brazilian National 
Council for Research and Deve­
lopment), 

IBAMA - Instimto Brasileiro do 

Meio Ambiente e dos Recursos 
Naturais Renováveis (Brazilian 
Institute for the Environment and 
Renewable Natural Resources), 

FAPEMIG - Fundação de Amparo a 
Pesquisa do Estado de Minas 
Gerais (Research Support Founda­
tion of the State of Minas Gerais). 



1 .2 S u m m a r y of the In terd isc ip l inary Resul ts of the W o r k i n g G r o u p s 
R e s u m o dos Resul tados do T r a b a l h o In te rd isc ip l inar 
Z u s a m m e n f a s s u n g de r In terd isz ip l inären Ergebnisse d e r Arbe i t sg ruppen 

E. von Plehwe-Leisen1, E. Wendler1, R. Snethlage2, D. Klemm1 

H. David Castello Branco 3, A.F. dos Santos4 

'Institut für Allgemeine und Angewandte Geologie der Ludwig-Maximilian Universität - München (IAAG) 
2Bayerisches Landesamt für Denkmalpflege - München (BLfD) 
3Instituto Estadual do Patrimonio Histórico e Artístico de Minas Gerais - Belo Horizonte (IEPH A) 
4Instituto Brasileiro do Patrimonio Cultural - Belo Horizonte (IBPC/130 CR) 

1.2.1 Introduction 1.2.1 Introdução 1.2.1 Einführung 

Stone monuments are an expression 
of a people's identity. Their preser­
vation keeps alive culture and his­
tory of a nation (fig. 1 ) . Deteriora­
tion and damage of 
the art historical and 
cultural heritage ad­
vances more and mo­
re into the limelight. 
Public interest in pre­
servation possibilities 
is growing enormous-

In antiquity scientists 
already studied the 
decay of monuments. 
Systematical investi­
gations, however, 
have only been car­
ried out within the 
last 30 years. Ques­
tions of conservation 
and restoration pro­
cedures, their ef­
ficiency and risks are 
researched as well as damaging me­
chanisms . 

One step on this way is the Ger­
man-Brazilian project IDEAS 
(Investigations into Devices against 
Environmental Attack on Stones). 
The investigations are executed by 
university institutes, offices em­
powered with the care and preserva­
tion of monuments and public and 
private research institutions in both 

Os bens culturais expressam a histó­
ria e a identidade de um povo e sua 
preservação constitui um legado às 
gerações futuras (Fig. 1 ) . 

Kunstdenkmäler sind Ausdruck der 
Identität eines Volkes. Ihre Bewah­
rung erhält Kultur und Geschichte 
einer Nation am Leben (Abb. 1 ) . 

Die Schädigung und 
der Zerfall des kunst-
und kulturhistori­
schen Erbes rückt 
mehr und mehr in 
den Blickpunkt. Das 
öffentliche Interesse 
an Erhaltungsmög-
lichkeiten wächst 
enorm. 

Fig. 1: View of Ouro Preto / Vista de Ouro Preto / Blick auf 
Ouro Preto 

A consciência da sociedade vem 
crescendo gradativamente em 
relação à preservação dos bens 
culturais, que, por sinal, vêm pas­
sando por um processo de desgaste 
e degradação que compromete a sua 
integridade. 

Especificamente em relação aos 
monumentos em pedra, desde a 
antiguidade os cientistas investigam 
as causas da degradação. Entretanto, 

Bereits in der Antike 
befassten sich Gelehr­
te mit dem Verfall 
von Denkmälern. 
Aber erst seit ca. 30 
Jahren wird eine sy­
stematische wissen­
schaftliche Erfor­
schung der Zerstö­
rungsmechanismen, 
der Konservierungs­

und Restaurierungsmöglichkeiten 
und deren Effizienz betrieben. 

Ein Schritt auf diesem Weg ist auch 
das deutsch-brasilianische Projekt 
IDEAS (Investigations into Devices 
against Environmental Attack on 
Stones). Die Untersuchungen wer­
den von Universitätsinstituten, 
Denkmalpflegebehörden sowie von 
staatlichen und privaten Forschungs­
einrichtungen in beiden Ländern 
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countries. The project structure of 
IDEAS combines scientists of four 
different disciplines dealing with 
aspects of stone degradation to 
work in an interdisciplinary team. 
Each Working Group (WG) has its 
own specially defined research 
tasks: Characterization of Stone 
Materials (WG 1 ) , Atmospheric 
Pollution (WG 2), Biological Deteri­
oration (WG 3) and Conservation 
Techniques and Procedures 
(WG4). 

Stone weathering is a natural pro­
cess. It is physically, chemically 
and biologically controlled and a 
precondition for human life, as it is 
responsible for soil formation. 
Within the geological cycle weathe­
ring proceeds so slowly that it is 
hardly recognizable within a life­
time. On the monuments, however, 
the decay often advances very fast. 
Sometimes a considerable deteriora­
tion of stone material has to be 
noticed only after few decades. 

The reasons are many fold. The 
extraction of a stone block out of 
the quarry and its hewing often lead 
to an affection of the internal struc­
ture. After being removed from its 
natural surrounding it has to bear 
frequent and strong variations of 
temperature and humidity. On the 
building and as a sculptural materi­
al the stone is often exposed to the 
attack of wind, rain, frost and heat, 
as well as of natural and man-made 
pollutants and microbiological 
colonization. 

By means of specially adapted 
conservation conceptions it is 
possible to delay the decay process 
considerably. They must be parti­
cularly elaborated for single 
monuments and necessarily com­
bined with consequent maintenance. 
It is impossible, however, to stop 
weathering completely. 

The research work of the project 
IDEAS follows the intention: 
- t o adapt the methodology for 

investigation and evaluation of 
stone decay to tasks of the project, 

apenas nos últimos 30 anos vêm 
sendo feitas pesquisas sistemáticas, 
com observações detalhadas sobre os 
mecanismos de deterioração, proce­
dimentos de conservação e restauro, 
bem como sua eficiência e seus 
riscos. 

Um passo nesse sentido é o Projeto 
IDEAS (Pesquisa sobre a Degrada­
ção de Materiais Pétreos em Monu­
mentos Históricos), parte do 
Acordo de Cooperação Técnica e 
Científica entre o Brasil e a Ale­
manha. Os trabalhos foram reali­
zados em universidades, institutos 
de pesquisa públicos e privados e 
em órgãos de preservação de ambos 
os países. A estrutura do Projeto 
IDEAS reúne cientistas de diferen­
tes áreas do conhecimento, com o 
objetivo de estudar de forma inter­
disciplinar os vários aspectos da 
degradação da pedra. Os pesquisa­
dores compõem quatro Grupos de 
Trabalho (WG), assim divididos: 
Caracterização dos Materiais Pétreos 
(WG1), Poluição Atmosférica 
(WG2), Degradação Biológica 
(WG3) e Procedimentos e Técnicas 
de Conservação (WG4). 

A degradação da pedra pelo intem-
perismo é um processo natural, 
subordinado aos efeitos físicos, 
químicos e biológicos. É pré-
condição para a manutenção da vida 
humana, uma vez que se deve a 
esse processo a formação dos solos. 
No âmbito dos fenômenos geológi­
cos, o intemperismo pode ocorrer 
muito lentamente, a ponto de ser 
pouco perceptível em termos de um 
ciclo de vida humana. Contudo, 
em monumentos, a deterioração da 
pedra pode ocorrer de forma acele­
rada, fazendo-se visível no decorrer 
de algumas poucas décadas. 

Diversos fatores podem propiciar a 
degradação dos materiais pétreos 
utilizados nos monumentos. O 
processo de extração na jazida e os 
processos subseqüentes para a 
formatação de blocos, por exemplo, 
podem afetar a estrutura interna da 
pedra. A esses fatores soma-se a 
imposição de novas e diversificadas 

durchgeführt. Die Projektstruktur 
vereint Wissenschaftler aus vier 
verschiedenen Disziplinen, die sich 
mit Fragen des Gesteins Zerfalls be­
fassen, zu einem interdisziplinären 
Team. Jede Arbeitsgruppe (WG) 
hat ihren eigenen genau definierten 
Tätigkeitsbereich: Charakterisie­
rung des Gesteinsmaterials (WG 1), 
Luftqualität (WG 2), Biologische 
Verwitterung (WG 3) und Konser­
vierungstechnik und -verfahren 
(WG 4). 

Die Verwitterung von Naturstein ist 
ein natürlicher Prozess. Unsere 
Existenz hängt von diesem physika­
lisch, chemisch und biologisch be­
dingten Zerfallsprozess ab, der 
letztendlich zu Bodenbildung fuhrt. 
Im geologischen Kreislauf geht die 
Verwitterung allerdings so langsam 
vonstatten, daß sie selten innerhalb 
eines Menschenlebens deutlich 
wird. An den Denkmälern dagegen 
schreitet der Zerfall oft mit großen 
Schritten voran. Eine deutliche 
Schädigung des Gesteinsmaterials 
muß häufig schon nach wenigen 
Jahrzehnten beklagt werden. 

Die Gründe hierfür sind vielfältig. 
Die Gewinnung des Bausteins im 
Steinbruch und seine Bearbeitung 
haben meist schon Schädigungen 
der inneren Struktur zur Folge. 
Seine Entfernung aus dem natürli­
chen Verbund des Steinbruchs setzt 
ihn häufigeren und stärkeren Feuch­
te- und Temr^raturwechseln aus. 
Am Bauwerk oder als Bildhauerma­
terial ist er oft dem Angriff von 
Wind, Regen, Frost, Hitze, natürli­
chen und anthropogenen sowie mi­
krobiologischen Schadenseinflüssen 
ungeschützt ausgesetzt. 

Mit Hilfe eigens für ein Denkmal 
entwickelter Erhaltungskonzepte ist 
es möglich, den Zerfall zu verlang­
samen. Sie müssen speziell für ein­
zelne Denkmäler entwickelt werden 
und konsequente Pflege mit einbe­
ziehen. Es ist dagegen unmöglich, 
die Gesteinsverwitterung vollstän­
dig aufzuhalten. 

Die Forschungsarbeit im Projekt 



- to analyse and compare weather­
ing behaviour of Brazilian and 
German stones under different 
climatic and air quality conditions 

- to develop conservation recom­
mendations for selected objects 

- to exchange knowledge between 
the partners. 

The investigations on conservation 
plans for monuments follow a 
proved system. The examination 
starts with an anamnesis. Any 
available information about its 
history are collected, e.g. in ar­
chives, from offices empowered 
with the care and preservation of 
monuments or restoration work­
shops. The anamnesis is completed 
by research for analysis. Environ­
mental data are recorded. For the 
supply of the climatic and air pollu­
tion data IDEAS disposes of a 
mobile measuring unit in Brazil 
(fig. 2). A first campaign follows in 

Fig. 2: Mobile Measuring Unit of 
IDEAS Project / Unidade Móvel de 
Monitoramento do Projeto IDEAS / 
Mobiler Meßwagen des Projektes 
IDEAS 

order to obtain a general view of 
the materials, their weathering 
behaviour and the damages as well 
as special situations of the mon­
ument. The condition of the 
monument is documented photo­
graphically in detail. The investiga­
tions of the stone itself are divided 
into examinations at the object itself 
and tests in the laboratory. On 
sculptures and buildings non-de­
structive or almost non-destructive 
methods are preferred (fig. 3). In 
the laboratory unweathered material 
from quarries or exchanged blocks 

condições de temperatura e umidade. 
Seja no material de edificação ou no 
material escultórico, a pedra, já 
inserida num ambiente físico distin­
to do predominante na jazida, é 
freqüentemente exposta à ação do 
vento, da chuva, do congelamento e 
do calor, de poluentes naturais e 
antrópogénicos, e de colonização por 
microorganismos, entre outras. 

O processo de degradação pode ser 
consideravelmente retardado se 
aplicados os procedimentos de 
conservação de maneira adequada. 
Esses procedimentos devem ser 
adaptados a cada monumento e 
necessariamente combinados às 
ações de manutenção. Entretanto, é 
impossível deter completamente o 
processo de degradação. 

As principais metas do projeto 
IDEAS são: 
- adaptar a metodologia já existente 

para pesquisa e avaliação de pro­
cessos de deterioração da pedra às 
questões levantadas pelo projeto 

- avaliar e comparar o processo de 
alteração entre pedras brasileiras e 
alemãs, sob diferentes condições 
climáticas e de qualidade do ar 

- definir estratégias para a conser­
vação dos objetos selecionados 

- promover o intercâmbio de 
conhecimento entre os parceiros. 

A metodologia de pesquisa para 
conservação de monumentos segue 
um sistema já utilizado e consagra­
do. A pesquisa se inicia com o 
levantamento de dados sobre o 
monumento. Os informes históri­
cos, estéticos e os referentes às 
intervenções são subsidiados pelo 
recolhimento de dados em docu­
mentação arquivística dos órgãos de 
proteção e restauro, complementados 
pelo levantamento bibliográfico 
existente. Os dados ambientais 
necessários sobre o clima e a polui­
ção atmosférica (Fig. 2) são obtidos 
através, inclusive, de uma Unidade 
Móvel de Monitoramento da Quali­
dade do Ar de que dispõe o projeto 
IDEAS. O trabalho de campo se 
inicia pela identificação dos mater­
iais pétreos, seu comportamento 

IDEAS beabsichtigt: 
- bekannte Methoden zur Erfor­

schung und Bewertung von 
Steinzerfall auf die Fragestellun­
gen des Projektes anzupassen 

- das Verwitterungsverhalten brasi­
lianischer und deutscher Gesteine 
unter verschiedenen Klima- und 
Luftqualitätsbedingungen zu un­
tersuchen und zu vergleichen 

- Konservierungsvorschläge für 
ausgewählte Objekte zu erarbei­
ten 

- Wissens- und Erfahrungsaus­
tausch zwischen den Partnern zu 
fördern. 

Die Untersuchungen zu Konservie­
rungsplänen für Denkmäler folgt 
einer bewährten Systematik. Zu 
Beginn wird eine Anamnese 
durchgeführt. Alle erhältlichen 
Informationen über die Vorge­
schichte z.B. in Archiven. Denk­
malpflegebehörden oder Restau-

Fig. 3: Nondestructive measure­
ment of absorption /Medição não 
destrutiva de absorção / Zerstö­
rungsfreie Messung der Absorption 

rierungswerkstätten werden ge­
sammelt. Die Anamnese wird durch 
die Analyse vervollständigt. 
Umweltdaten werden aufgezeich­
net. Das Projekt IDEAS verfügt 
eigens über eine mobile Meßstati­
on, um die notwendigen Klima- und 
Luftqualitätsdaten in Brasilien zu 
liefern (Abb. 2). Die nun folgende 
erste Begutachtung der Kunstwerke 
dient dem Überblick über die 
verwendeten Materialien, über ei­
nige Verwitterungseigenschaften 
und Schäden, sowie über die spe­
ziellen Bedingungen am Denkmal. 
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is mostly used to save the original 
substance. After the stone has been 
characterized mineralogically, 
chemically, physically and biolo­
gically, the phase of diagnosis 
follows. The results are evaluated, 
the damages assessed, their causes 
investigated and thus the therapy 
concept is developed. Then investi­
gations into conservation can start. 
During the therapy phase efficient 
agents and procedures are selected. 
These are examined in the labora­
tory as well as on test areas on the 
monument. Only after long-term 
experience a conservation measure 
may be carried out. After a comple­
ted conservation and restoration 
there must always be a control and 
a thorough maintenance of the 
monument. 

Within the project IDEAS object 
related investigations have mainly 
engaged in the prophet sculptures in 
front of the Sanctuary of Senhor 
Bom Jesus do Matosinhos in 
Congonhas and the São Francisco de 
Assis Church in the baroque town 
Ouro Preto (Minas Gerais). The 
Aachen Cathedral in the town of 
Aachen has been research object in 
Germany. Additional investigations 
have been carried out at the Church 
of the Sanctuary of Senhor Bom 
Jesus do Matosinhos itself, the 
Inconfidência Museum in Ouro 
Preto and the Architectural Com­
plex of Caraça. 

The Sanctuary of Senhor Bom Jesus 
do Matosinhos, the ensemble of the 
baroque town of Ouro Preto and the 
Aachen Cathedral are all registered 
in the UNESCO List of the World's 
Cultural Heritage. 

1.2.2 Sanctuary of Senhor Bom 
Jesus do Matosinhos - Congonhas 

The sanctuary of pilgrimage Senhor 
Bom Jesus do Matosinhos (fig. 4) 
lies on a hillock above the town of 
Congonhas in Minas Gerais. The 
baroque ensemble created in the 
second half of the eighteenth cen­
tury consists of a way of the Cross 

frente ao processo de degradação, 
suas alterações e seu estado de con­
servação. Todo o processo é 
documentado gráfica e fotografica­
mente. O material pétreo é exami­
nado "in siftT e também submetido 
a testes de laboratório. Nas pesqui­
sas realizadas diretamente junto as 
esculturas ou construções são aplica­
dos, sempre que possível, ensaios 
não-destrutivos ou pouco agressivos 
(Hg. 3). Em laboratório, por sua 
vez, são testados materiais da jazida 
ou blocos de substituição poupando-
se, assim, a substância original. 
Depois da caracterização mineraló­
gica, química, física e biológica do 
material pétreo, inicia-se a fase de 
análise do estado de conservação. 
Após a avaliação dos resultados e 
das causas da degradação, são traça­
das as diretrizes para seleção de 
métodos e materiais a serem testa­
dos. Os materiais selecionados são 
examinados em laboratório e em 
áreas específicas do monumento, 
podendo, através de observação e 
monitoramento, ser avaliados 
somente após longo período de 
exposição. 

O Projeto IDEAS selecionou, como 
objetos de maior importância para 
as investigações, as esculturas dos 
profetas do adro do Santuário do 
Senhor Bom Jesus do Matosinhos, 
em Congonhas, e a Igreja de São 
Francisco de Assis, na cidade de 
Ouro Preto, em Minas Gerais. A 
Catedral da cidade de Aachen foi 
escolhida como objeto da pesquisa 
na Alemanha. Estudos adicionais 
foram realizados na Igreja do 
Santuário do Senhor Bom Jesus do 
Matosinhos, em Congonhas, no 
Museu da Inconfidência, em Ouro 
Preto, e no Conjunto Arquitetônico 
do Caraça, em Santa Bárbara. 

O Santuário do Senhor Bom Jesus 
do Matosinhos, o conjunto arquite-
tônico-urbanístico de Ouro Preto e 
a Catedral de Aachen figuram, 
hoje, como Patrimônio Cultural da 
Humanidade, título outorgado pela 
UNESCO. Desta forma, foram 
reconhecidos como parte da heran­
ça cultural da raça humana. 

Das Objekt wird photographisch im 
Detail erfaßt. Die Gesteinsunter­
suchungen unterteilen sich in 
Objektuntersuchungen und Labor­
tests. Vor Ort werden soweit wie 
möglich zerstörungsfreie und zer­
störungsarme Methoden an den 
Skulpturen und Gebäuden einge­
setzt (Abb. 3). 

Im Labor wird vor allem Gestein 
aus dem Steinbruch oder 
Austauschmaterial verwendet und 
somit die Originalsubstanz ge­
schont. Nach der mineralogischen, 
chemischen, physikalischen und 
biologischen Charakterisierung 
beginnt die Diagnosephase, die 
Bewertung der Schäden, ihrer 
Ursachen und der Untersu­
chungsergebnisse. Darauf baut das 
Therapiekonzept auf. Verschie­
dene Konservierungsmaterialien 
und -methoden zur Therapie 
werden ausgewählt und im Labor 
und auf Musterflächen am Objekt 
getestet. Nur nach ausreichend 
langer Beobachtungszeit dürfen die 
Maßnahmen durchgeführt werden. 
Einer abgeschlossenen Konservier­
ung und Restaurierung muß immer 
eine sorgfältige Nachkontrolle und 
Pflege folgen. 

Innerhalb des Projektes IDEAS 
wurden die ausführlichsten Unter­
suchungen an den Prophetenskulptu­
ren vor der Kirche Senhor Born 
Jesus do Matosinhos in Congonhas 
und an der Kirche Säo Francisco de 
Assis in der Barockstadt Ouro Preto 
(Minas Gerais) durchgeführt. Deut­
sches Objekt war der Dom von 
Aachen. Zusätzliche Untersuchun­
gen schlössen die Kirche Senhor 
Born Jesus do Matosinhos selbst, 
das InconfidSncia Museum in Ouro 
Preto und das Kloster und Seminar 
von Caraca ein. 

Das Sanktuarium Senhor Bom Jesus 
do Matosinhos, die Kolonialstadt 
Ouro Preto und der Dom zu 
Aachen sind in die Liste des Welt­
kulturerbes der UNESCO eingetra­
gen. 



with six chapels linked to the 
church itself by a big stairway and 
terrace. These are decorated with 
twelve sculptures made by the 
Brazilian artist Antonio Francisco 
Lisboa named Aleijadinho. As an 
architect and sculptor he produced 
the most famous masterpieces of 
the Brazilian late Baroque. The 
soapstone sculptures of the prophets 
were created between 1800 and 
1805 and represent his last big total 
masterpiece (fig. 5). 

1.2.2 Santuário do Senhor Bom 
Jesus do Matosinhos - Congonhas 

Pousado no topo de uma colina, o 
Santuário do Senhor Bom Jesus do 
Matosinhos coroa o sentido ascen­
sional das peregrinações e o caráter 
de penitência da escalada dos 
romeiros de Congonhas por mais de 
dois séculos (Fig. 4). Numa pre­
sença totalmente integrada à paisa­
gem, o templo acolhe o fiel que ali 
chega, após percorrer a sinuosa 

Fig. 4: Sanctuary of Senhor Bom 
Jesus de Matosinhos / Santuário do 
Senhor Bom Jesus do Matosinhos / 
Sanktuarium Bom Jesus do Mato­
sinhos 

Fig. 6: Destruction by formation of 
cavities (relief) / Degradação pela 
formação de cavidades (relevo) / 
Zerstörung durch Lochbildung 
(Reließ 

The most important restoration 
measures of the prophets were 
carried out from 1985-1988. The 
sculptures were cleaned from 
microorganisms and treated with 
biocides. But earlier restoration 
works were performed as well as 
old photographs demonstrate. 

Congonhas shows a moderate 
subtropical climate. During sum-

esplanada dos Passos da Paixão com 
suas capelas, e se depara com a 
vigorosa implantação do adro, 
marcado pela presença dos profetas 
de Antonio Francisco Lisboa, o 
Aleijadinho. (Fig. 5). O conjunto 
escultórico do adro do Santuário, 
compreendido por doze esculturas 
em pedra-sabão representando os 
profetas bíblicos do Antigo Testa­
mento, mostra-se perfeitamente 

1.2.2 Sanktuarium Senhor Born 
Jesus do Matosinhos - Congonhas 

Die Wallfahrtskirche Senhor Born 
Jesus do Matosinhos liegt majestä­
tisch auf einem Hügel über dem 
Städtchen Congonhas in Minas Ge-
rais (Abb. 4). Die barocke Anlage, 
erbaut in der zweiten Hälfte des 
18. Jhs. besteht aus einem Kreuz­
weg mit sechs Kapellen, der durch 
eine große Treppenanlage mit dem 
Kirchvorplatz verbunden ist. Trep-

Fig. 5: Prophet Baruc / Profeta 
Baruch I Prophet Baruk 

penanlage und Terrasse sind mit 
den zwölf berühmten Prophetens­
kulpturen des brasilianischen Künst­
lers Antonio Francisco Lisboa, 
genannt Aleijadinho, geschmückt. 
Er schuf als Architekt und Bild­
hauer die bedeutendsten Meister­
werke des brasilianischen Spätbar­
ocks. Die Seifensteinskulpturen, 
1800-1805 gefertigt, stellen sein 
letztes großes Gesamtkunst 

21 



if 

mertime thunderstorms with torren­
tial rain and shock cooling of the 
stone surface from 50° to 20° C 
are frequent. The fact that the 
sculptures are in total exposed 
position is responsible for the fasci­
nating effect of the whole ensem­
ble, but leads to a high stress of the 
stone surface by sun, rain and 
wind. Air quality data from the 
IDEAS Mobile Unit have shown 
Congonhas as a low polluted area. 

The local soapstone used is very 
suitable for sculptures. The surface 
has a faint polish, that turns the 
figures' shapes smooth and at the 
same time distinct. As a result of its 
low hardness and its plasticity it is 
easily and exactly to carve. This 
positive property unfortunately 
tempts vandals to carve many in­
scriptions into the precious sculp­
tures. So the local authorities have 
reacted by guarding the object 
round the clock. The sculptures are 
not made from single soapstone 
blocks but are composed of several 
pieces. In the interior these parts 
are connected by stone tenons and 
the joints are left open. 

Big differences in the soapstone 
materials can be observed. Miner-
alogically it is mainly composed of 
talk and chlorite and varying quan­
tities of dolomite. Unweathered 
soapstone shows very little water 
uptake and dries within a short 
time. During weathering, however, 
a porous, more absorbent surface 
zone is developed covering the 
dense interior. Several soapstone 
varieties tend to swell considerably 
when wetted. Thermal dilatation is 
much lower, but works in the 
opposite direction. Therefore, the 
combination of both effects may be 
harmful to the precious stone sur­
face. 

As chemical investigations show, 
the contents of soluble salts in the 
pore space are very low, cyclic 
cristallization processes of soluble 
compounds are of no actual danger 
to the prophets. 

integrado ao espaço arquitetônico 
constituído pelo adro, com suas 
escadarias em terraço, e um impo­
nente muro de arrimo. Este traba­
lho foi executado no período de 
1800 a 1805 e representa a última 
grande obra do mestre escultor. 

O mais significativo trabalho de 
restauração do conjunto escultórico 
ocorreu durante os anos de 1985 a 
1988 e constituiu de tratamento e 
remoção dos microorganismos con­
taminantes da superfície da pedra. 
Entretanto, antigas fotografias reve­
lam que, anteriormente, já haviam 
sido aplicadas medidas de conser­
vação. 

Congonhas apresenta clima subtro­
pical temperado. No verão, durante 
as tempestades com chuvas torren­
ciais, ocorre com feqüência o res­
friamento brusco da superfície da 
pedra, da faixa de 50°C para a de 
20°C. O posicionamento das escul­
turas, expostas ao relento, é res­
ponsável pelo fascinante efeito do 
conjunto, mas, por sua vez, possibi­
lita intensa sobrecarga na superfície 
da pedra, ação do sol, chuva e 
vento. O monitoramento da quali­
dade do ar, realizado pela Unidade 
Móvel do Projeto IDEAS, mostra 
Congonhas como área de baixa 
poluição. 

A pedra-sabão, material bastante 
utilizado para esculturas, apresenta 
superfície de brilho acetinado que 
possibilita suavidade às formas, 
conferindo-lhe aspecto bastante 
peculiar. Por ser um material de 
baixa dureza, é facilmente traba­
lhado. Esta característica possibili­
tou às esculturas de Congonhas 
ações de vandalismos, como inscri­
ções e abrasões, levando as autorida­
des responsáveis pela preservação a 
se decidirem por uma guarda cons­
tante. As esculturas não foram 
executadas em um único bloco de 
pedra, mas compostas de várias 
partes que são conectadas interna­
mente por pinos de pedra, mostran­
do as juntas abertas. 

A pedra-sabão apresenta em sua 

werk dar (Abb. 5). 

Die wichtigsten Restaurierungsmaß­
nahmen wurden in den Jahren 1985 
- 1988 durchgeführt. Die Figuren 
wurden von mikrobiologischem 
Bewuchs gereinigt und mit Biozi­
den behandelt. Es gab aber auch 
frühere Erhaltungsmaßnahmen, wie 
auf alten Photographien zu sehen 
ist. 

Congonhas verfugt über ein gemä­
ßigtes subtropisches Klima. In den 
Sommermonaten sind Gewitter mit 
wolkenbruchartigen Niederschlä­
gen, die zu einer schockartigen 
Abkühlung der Gesteinsoberfläche 
von 50°C auf 20°C fuhren können, 
durchaus häufig. Die Figuren 
stehen in vollständig exponierter 
Position. Dies macht den Reiz der 
Gesamtanlage aus, bedeutet aller­
dings auch für die Seifen-
steinoberfläche starke Beanspru­
chungen durch Sonne, Regen und 
Wind. Sc&adstoffmessungen des 
IDEAS Meßwagens ergaben in 
Congonhas keine namhafte Um­
weltbelastung. 

Der verwendete lokale Seifenstein 
ist für Bildhauerarbeiten hervorra­
gend geeignet. Die Oberfläche zeigt 
einen matten Glanz, der die 
Formen weich und dennoch klar 
erscheinen läßt. Durch seine gerin­
ge Härte und seine Plastizität ist er 
leicht und exakt zu bearbeiten. 
Diese an sich sehr positive Eigen­
schaft veranlaßt bedauerlicherweise 
Vandalen dazu, Inschriften in die 
wertvollen Skulturen zu ritzen. 
Dem versuchen die örtlichen 
Behörden durch eine Rund - um 
-die-Uhr-Bewachung entgegen zu 
wirken. Die Skulpturen sind nicht 
aus einem Block gearbeitet, son­
dern aus mehreren Teilen zusam­
mengesetzt. Im Inneren sind diese 
Teile mit Steinzapfen verbunden, 
die Fugen stehen offen. 

Im Seifenstein können große Mate­
rialunterschiede auftreten. Er 
besteht hauptsächlich aus den Mine­
ralen Talk und Chlorit und fuhrt 
wechselnde Anteile an Dolomit. 
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Photo Monitoring / Monitoramento de fotografias / Photokontrolle 
Jeremias 

Fig. 7: State of damage today and 
about 40 years ago (Preservation 
state in the fifties : A and 1994: B). 
By means of such a photodocumen-
tation it is possible to estimate the 
weathering progress versus time. / 

Degradação atual e á ca. de 40 anos 
atrás (estado de preservação na 
década de 50: A e 1994: B). Através 
do uso destas fotodocumentações é 
possível de estimar o pro gr es o de 
degradação em relação ao tempo. / 
Erhaltungszustand heute und vor ca. 

40 Jahren (Zustand in den Fünfzi­
gern: A und 1994: B). Mittels einer 
solchen Photodokumentation ist es 
möglich, den Verwitterungsfort­
schritt zeitabhängig einzuschätzen. 

composição grande variedade de 
substâncias. Mineralógicamente é 
composta de talco, clorita e quanti­
dade variável de dolomita. O 
material não intemperisado apresenta 
um índice de absorção de água muito 
reduzido, secando rapidamente. 
Durante o processo de intemperis-
mo, entretanto, desenvolve-se urna 
zona superficial porosa e mais 
absorvente do que a porção interior 
da pedra. Diversas variedades de 
pedra-sabão dilatam sob a ação hídri­
ca e, em menor grau, sob a ação 
térmica, a qual se verifica em 
sentido contrário. Assim, a combi­
nação dos efeitos de umidade e 
temperatura pode ser danosa à 
superfície da pedra. 

Conforme demonstrado pelas inves-

Der unverwittert sehr dichte und 
schnell trocknende Seifenstein 
bildet bei Verwitterung eine stärker 
saugende poröse Oberflächenzone 
aus, von der die Feuchtigkeit nicht 
ins Gesteinsinnere entweichen 
kann. Manche Seifensteinvarietäten 
quellen beträchtlich bei Wasserauf­
nahme. Die thermische Dilatation 
ist um einiges geringer, aber entge­
gengerichtet. So kann die Kombina­
tion der beiden Effekte gefährlich 
für die wertvolle Gesteinsoberflä-
che sein. 

Wie chemische Untersuchungen 
zeigten, sind die Gehalte an lösli­
chen Salzen im Porenraum sehr ge­
ring. Zyklische Kristallisationspro­
zesse der löslichen Verbindungen 
stellen somit keine aktuelle Gefahr 
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On the other hand the colonization 
by microorganisms e.g. lichens 
seems to bear considerable risks. 
The climatic conditions in Congon­
has and the alkaline soapstone 
favour the development of rich 
metabolic activities. Only few years 
after a stone cleaning procedure 
microorganisms now return with all 
their might. Microbiological investi­
gations in the case of the soapstone 
in Congonhas have shown organ­
isms with a high deterioration 
potential. Additionally, the humid­
ity transport behaviour of the stone 
surface is influenced. This fact 
causes further harm to the sculpture 
material. 

As a basis for investigations and 
preservation measures all damages 
are recorded by means of a decay 
mapping. Even though the prophets 
still seem to be in quite a good 
condition, several types and de­
grees of decay are obvious (fig. 6). 
Destruction of the original surface 
by relief formation, outbursts and 
structural decomposition are wide­
spread. Comparing forty-year-old 
pictures with today's situation a 
moderate decay during this stretch 
of time becomes obvious (fig. 7). 
Nevertheless it can clearly be seen 
that considerable areas of original 
material are affected due to relief 
formation and outbursts along 
peripheral zones. 

One characteristical type of damage 
is the formation of relief or cavi­
ties. Regarding the causes of this 
type of degradation, the enormous 
complexity and synergism of all 
deteriorating factors can be demon­
strated. Mineralógica!, chemical, 
physical and biological decay 
mechanisms are involved. Instabile 
minerals are alterated and easier 
soluble components in the soap-
stone dissolve. Thus permeable 
areas develop where water can 
penetrate and remain. But it cannot 
enter the deeper, still dense zones 
of the stone. As a consequence 
leaching and hygric swelling are 
enhanced in the superficial zones 
and microorganisms find better 

tigações químicas, o conteúdo de 
sais solúveis encontrados nos poros 
da pedra é muito baixo e os proces­
sos cíclicos de cristalização dos 
compostos solúveis não apresen­
tam, no momento, riscos para os 
profetas. 

Por outro lado, a ação dos microor­
ganismos sobre o material pétreo 
parece gerar consideráveis danos. 
As condições climáticas em Congo­
nhas e a alcalinidade da pedra-sabão 
favorecem o desenvolvimento de 
uma grande variedade de atividades 
metabólicas provenientes de seres 
vivos. Este fato foi comprovado 
pela recolonização por microorga­
nismos na pedra-sabão apenas alguns 
anos após a limpeza e desinfecção 
realizadas na década de 80. As 
pesquisas microbiológicas em Con­
gonhas identificaram organismos 
com acentuado poder de deterioração 
que, adicionalmente, influenciam o 
comportamento do transporte de 
água na superfície da pedra, poden­
do lhe causar danos. 

Como base para investigações e 
medidas de preservação, os danos 
foram registrados em mapas de 
degradação. Apesar dos profetas 
apresentarem um bom estado de 
conservação, vários tipos e diferen­
tes graus de degradação são observa­
dos (Fig. 6). A alteração da superfí­
cie original pela formação de rele­
vos, cavidades, perda de fragmen­
tos e decomposição estrutural é 
generalizada. Comparando fotogra­
fias da década de 50 com o quadro 
atual, é possível perceber uma 
degradação moderada neste espaço 
de tempo (Fig. 7). Entretanto, 
pode ser observado que áreas signi­
ficativas de material original estão 
afetadas devido à formação de rele­
vos e perdas ao longo de zonas 
periféricas. 

Características são danificações nas 
quais se verifica a formação de 
relevos e cavidades. Neste caso 
destacam-se claramente a enorme 
complexidade e o sinergismsto dos 
fatores de deterioração. Esta~o en­
volvidos mecanismos de degradação 

für die Propheten dar. 

Ganz anders sieht es dagegen mit 
dem mikrobiologischen Angriff, 
z.B. durch Flechten, aus. Die 
klimatischen Bedingungen Congon­
has' und der basische Charakter des 
Seifensteins begünstigen die Ent­
wicklung reicher metabolischer 
Aktivitäten. Nur wenige Jahre nach 
der Reinigungsmaßnahme kehren 
nun die Mikroorganismen mit aller 
Macht zurück. Mikrobiologische 
Untersuchungen des Seifensteins 
von Congonhas haben Organismen 
mit einem hohen Schädigungspoten­
tial nachgewiesen. Hinzu kommt 
noch, daß der Wasserhaushalt der 
Gesteinsoberfläche beeinflußt wird, 
was zu weiterer Schädigung führt. 

Als Basis für Untersuchungen und 
Erhaltungsmaßnahmen werden alle 
Schäden in einer Schadenskartie-
rung festgehalten. Obwohl die Pro­
pheten noch in einem guten Gesamt­
zustand scheinen, werden doch ver­
schiedene Arten und Schweregrade 
von Schäden deutlich (Abb. 6). Die 
Originaloberfläche ist häufig durch 
Reliefbildung, Ausbrüche und 
Zermürbung in Mitleidenschaft 
gezogen. Ein Vergleich des heuti­
gen Bildes mit über vierzig Jahre 
alten Photographien macht zwar 
einen gemäßigten Verwitterungs­
fortschritt während dieser Zeitspan­
ne deutlich (Abb. 7). Nichtsdesto­
weniger ist aber klar zu sehen, daß 
nennenswerte Teile der Original­
substanz durch die beschriebene 
Reliefbildung und das Ausbrechen 
an Randzonen beeinträchtigt 
wurden. 

Ein charakteristisches Schadensbild 
ist Relief- oder Lochbildung. Hier 
läßt sich die enorme Komplexität 
und der Synergismus der schädi­
genden Faktoren eindrucksvoll zei­
gen. Mineralogische, chemische, 
physikalische und biologische 
Schadensmechanismen sind betei­
ligt. Zuerst werden instabile Mine­
rale umgewandelt, dann leichter 
lösliche Komponenten des Seifen­
steins angelöst und so poröse Berei­
che gebildet. Wasser kann besser 
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Conservation Plan / Plano de Conservação / Konservierungsplan 
Jeremias 

Cleaning and biocidal treatment 
Limpeza e tratamento com biocidas 
Reinigen und Biozidbehandlung 

. Protection of fissures 
Obturação das fissuras 
Klebung von Rissen 

. Closing of open joints 
# Obturação das juntas abertas 

Schließung von Fugen 

Filling of defective spots 
A J Obturação das partes defeituosas 

Verfüllen von Fohlstellen 

1 Substitution of stone repair mortar 
w J Substituição de argamassa 

Ersetzen von Reparaturmõrtel 

flapping of Weathering Forms: 

FITZNER et at 1993 

RWTH Aachen, BRD 

Fig. 8: Conservation plan for 
Prophet Jeremias on the base of a 
mapping of weathering forms (for 
explanation see chapter 3.1.3.1) I 

Plano de conservação para Profeta 
Jeremias baseado no mapeamento 
de degradação (para a explicação 
vide capitulo 3.1.3.1) I 

Konservierungsplan fiir Prophet 
Jeremias auf der Basis einer 
Schadenskartierung (Erklärung in 
Kapitel 3.1.3.1). 

mineralógicos, químicos, físicos e 
biológicos. Os componentes mais 
sensíveis da pedra-sabão são alterados 
e dissolvidos. Assim, desenvol­
vem-se áreas permeáveis onde a 
água pode penetrar e permanecer, 
sem, porém, atingir as zonas mais 
densas e profundas da pedra. 
Como conseqüência, aumentam a 
lixiviação e a expansão hídrica nas 
zonas superficiais, e os microorga­
nismos encontram melhores condi­
ções de vida. Dessa forma, a coesão 
do material pétreo diminui, possibi 

eindringen und länger verweilen, 
aber es kann nicht in die darunter­
liegenden, noch dichten Zonen 
ausweichen. So kommt es zu ver­
stärkten Löse- und Quellvorgängen 
in der Oberflächenzone, wo Mik­
roorganismen zusätzlich infolge der 
höheren Feuchte auch bessere 
Lebensbedingungen finden und 
ihrerseits mehr Feuchtigkeit zu 
rückhalten. Der Gesteinsverband 
wird geschwächt, mehr Wasser 
kann eindringen und die beschrie­
benen Prozesse führen zu fortge-

25 



living conditions and thus, again 
more humidity is retained. So the 
stone coherence weakens, more 
water can enter and the described 
processes continue to destroy the 
stone surface. This cycle is self-
perpetuating and has to be impeded. 

Besides thorough control, mainte­
nance and observation a plan for 
the conservation of these unique 
works of art has to follow two 
aims. The first is a renewed clean­
ing from microbiological contami­
nation and a biocidal treatment. 
The second is the protection of the 
cavities, weathering veins and 
outbursts to prevent further loss of 
material (fig. 8). 

To test selected biocidal materials 
soapstone samples have been trea­
ted and exposed near the prophets. 
The most favourable agents are 
under examination in test areas at 
the terrace of the Sanctuary. Envi­
ronmental aspects play an important 
role in the selection of a biocide. 
For protecting the cavities different 
stone repair materials are examined 
in the outdoor exposure program. 
Such a mortar has to be adapted to 
the characteristics of the soapstone. 
As soapstone powder is very simi­
lar, it is used as an aggregate. The 
selected binder is based on silica 
acid ester, as its reaction product 
resembles to the siliceous stone 
material. Contrary to artificial 
resins it is not susceptible to ther­
mal swelling and a measure is more 
easily reversible. 

The selected cleaning and conserva­
tion materials have to be tested 
thoroughly at less precious parts of 
the monument before they can be 
applied to the sculptures them­
selves. 

1.2.3 São Francisco de Assis 
Church and Inconfidência 
Museum - Ouro Preto 

About 60 km away from Congon­
has lies Ouro Preto (fig. 1). It is 
famous for its beautiful churches 

litando a penetração de água e dando 
prosseguimento ao processo de 
degradação. Este ciclo acontece de 
forma contínua e deve ser inter­
rompido. 

Além de um piano que inclua o 
controle, a manutenção e a observa­
ção do conjunto escultórico, devem 
ser perseguidos dois objetivos: um 
deles é a repetida eliminação da 
contaminação biológica e tratamento 
com biocida. O outro visa a proteção 
das cavidades, veios intemperisados 
e fissuras, a fim de prevenir futuras 
perdas de material (Fig. 8). 

Para testar substâncias biocidas, 
amostras de pedra-sabão foram 
tratadas e expostas nas proximida­
des do Santuário e os agentes mais 
favoráveis foram aplicados em 
áreas de teste na balaustrada. A 
proteção do meio ambiente tem 
importante papel na seleção dos 
produtos. Para proteger as cavi­
dades, diferentes materiais < de 
reparo de pedra são exarriinados no 
programa de exposição ao relento. 
Pó de pedra-sabão foi aplicado como 
aditivo e, como agente cimentador, 
utilizou-se produtos de silício que 
resultam em material coloidal 
semelhante à substância pétrea 
silicosa. Ao contrário das resinas 
artificiais, essa argamassa não é 
suscetível à dilatação térmica, além 
de ser um produto mais facilmente 
reversível. 

Os materiais para limpeza e con­
servação desenvolvidos são testados 
cuidadosamente "in sito" antes e 
serem aplicados à preciosas escultu­
ras. 

1.2.3 Igreja de São Francisco de 
Assis e Museu da Inconfidência -
Ouro Preto 

Ouro Preto está situada a cerca de 
60 km de Congonhas e 100 km de 
Belo Horizonte (Fig. 1). A cidade 
é famosa por suas belas igrejas e 
por ser um exemplo de preservação 
de um conjunto arquitetônico do 
período colonial do Estado de 

setzter Schädigung. Dieser Kreis­
lauf ist selbst perpetuierend und 
muß durchbrochen werden. 

Neben sorgfaltiger Kontrolle und 
Beobachtung muß ein Konservie­
rungsplan für diese einzigartigen 
Kunstwerke zwei Ziele verfolgen. 
Zum einen ist eine neuerliche 
Reinigung von biologischem Befall 
und eine Biozid-Behandlung nötig. 
Zum anderen sollten Löcher, aus­
gewitterte Gänge und Ausbrüche 
geschlossen werden, um weiteren 
Materialverlust zu vermeiden 
(Abb. 8). 

Seifensteinproben wurden mit Bio­
ziden verschiedener Zusammenset­
zung behandelt und nahe den 
Propheten unter freiem Himmel ge­
lagert. Erfolgversprechende Sub­
stanzen werden z.Z. an Musterflä­
chen auf der Terrasse der Anlage 
getestet. Bei diesen Untersuchungen 
spielt der Gesichtspunkt der 
Umweltverträglichkeit eine heraus­
ragende Rolle. Zum Füllen von 
Löchern befinden sich mehrere 
Steinersatzmassen ebenfalls im 
Expositionstest. Ein solcher Repa­
raturmörtel muß auf die 
Eigenschaften des Seifensteins an­
gepaßt werden. So wurden Seifen-
steinpulver als Zuschlag und Kie­
selprodukte, die ein der silikati­
schen Gesteinssubstanz ähnliches 
Endprodukt liefern, als Bindemittel 
verwendet. Im Gegensatz zu 
Kunstharzen zeigen diese Materia­
lien keine ausgeprägte thermische 
Dilatation und Maßnahmen sind 
eher reversibel. 

Die entwickelten Reinigungs- und 
Konservierungsmittel werden vor 
Ort ausführlich getestet, bevor sie 
auf den wertvollen Skulpturen zum 
Einsatz kommen können. 

1.2.3 Kirche São Francisco de 
Assis und Inconfidência Museum 
- Ouro Preto 

Ca. 60 km entfernt von Congonhas 
liegt das gut erhaltene barocke 
Bergbaustädtchen Ouro Preto 



and for it is representing an almost 
unchanged example of a colonial 
town in Minas Gerais. One of the 
most well-known churches is the São 
Francisco de Assis Church. It is 
regarded as a masterpiece of Brazi­
lian baroque architecture carried 
out with the cooperation of Aleija­
dinho. Construction work started in 
1766, but the church was not fin­
ished before 1794 and the interior 
arrangement lasted even until 1882. 
With its special shaping, with the 
vaulted facade and the backwards 

positioned bell towers the church 
represents the climax of the Baro­
que in Minas Gerais (fig. 9). 

The Inconfidência Museum is a 
civil building demonstrating baro­
que colonial architecture (fig. 10). 

Minas Gerais. A Igreja de São 
Francisco de Assis, em Ouro Preto, 
tão notável quanto singular, ocupa 
lugar de especial destaque na histó­
ria da arte religiosa do Brasil. 
Como obra de arquitetura é arroja­
damente inovadora, a partir do 
inusitado recuo das torres do plano 
da fachada principal, que altera de 
modo radical o desenho dos fron­
tispícios "clássicos" dos templos 
setecentistas. Por suas característi­
cas únicas, a Igreja de São Francisco 
de Assis pode se apresentar como a 

apoteose do formidável espetáculo 
que foi a trajetória do barroco em 
Minas Gerais (Fig. 9). Repositório 
de preciosas obras de arte, reúne 
trabalhos dos maiores expoentes da 
escultura e da pintura do período 
colonial: Antonio Francisco Lisboa 

(Abb. 1). Als nahezu unverändertes 
Beispiel einer Kolonialstadt in 
Minas Gerais ist es bekannt für 
seinen großen Bestand an schönen 
Kirchen. Eine der berühmtesten 
unter ihnen ist São Francisco de 
Assis. Sie wird als ein Meisterwerk 
barocker Architektur unter der 
Mitwirkung von Aleijadinho gewer­
tet. Baubeginn war bereits 1766, 
aber die Kirche konnte nicht vor 
1794 fertiggestellt werden. Die 
Innenausstattung war allerdings erst 
viel später, 1882, abgeschlossen. 

--

Fig. 9: Church of São Francisco de 
Assis in Ouro Preto / Igreja de São 
Francisco de Assis em Ouro Preto / 
Kirche São Francisco de Assis in 
Ouro Preto (above left) 
Fig. 10: The Inconfidência Museum 
in Ouro Preto / Museu de Inconfi­
dência em Ouro Preto I Inconfidên­
cia Museum in Ouro Preto (above) 
Fig. 11: Tipical damages of Itaco-
lomi Quartzite blocks / Degradação 
típica dos blocos de Quartzito Itaco-
lomi / Typische Schäden des Itaco-
lomi Quarzits (left) 
Fig. 13: Cleaning pattern on Itaco-
lomi Quartzite / Amostra de limpeza 
no Quartzito Itacolomi / Reini­
gungsmuster am Itacolomi Quarzit 

Die besondere Gestaltung mit der 
nach vorne gewölbten Fassade und 
den zurückgesetzten runden Tür­
men macht die Kirche zu einem 
Höhepunkt des Barocks in Minas 
Gerais (Abb. 9). 
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Construction started in 1785 and 
after 70 years is was finished in 
1855. It was used as prison and 
town hall before it became museum 
in 1938. 

Ouro Preto is in a sub-tropical lati­
tude with hot and rainy summers, 
dry winters and hardly ever frost. 
Depending on the wind direction 
the town is influenced by emission 
of a nearby aluminium plant. The 
electrolytic production of alumini­
um releases fluor waste gases and 
particles. Together with air humid­
ity hydrofluoric acid forms that is 
able to dissolve and to destroy 
silicate stone material. The negative 
influences of fluorides on plants are 
known, but little investigation has 
been made up to now into the 
damaging effect on stone material. 
Here further systematic research is 
necessary. 

At São Francisco de Assis Church 
the local Itacolomi Quaitzite was 
used as building stone for architec­
tural elements. It was quarried near 
the Pico do Itacolomi, a peak in the 
area of Ouro Preto. Historical 
quarries are still to be seen with 
unfinished, strongly weathered 
hewed stone blocks. The quartzite 
used varies considerably in its 
petrographic appearence. The 
masonry of the church is a plas­
tered rubble wall. 

Even at first glance different 
damages of the church building 
become obvious. On the one hand 
the mortar of the joint system 
between the stone blocks is in a 
very bad condition. So rainwater 
can penetrate deeply into the 
masonry and accelerate the degra­
dation. On the other hand the socle 
areas show far worse damages than 
higher up parts. This is due to 
humidity and salt problems in the 
bottom zones. Furthermore the 
progressed destruction of a support­
ing pillar at the west side of the 
church cannot be neglected. Here 
the roof construction that causes 
extremely high water Impact at this 
point contributes together with salt 

e Manoel da Costa Ataíde. A 
Antonio Francisco Lisboa é atribuí­
do o projeto arquitetônico. A 
construção teve início em 1766, mas 
a obra não foi concluída antes de 
1794. Somente em 1882 foram 
finalizadas as obras de decoração 
internas. 

A antiga Casa de Câmara e Cadeia 
de Vila Rica constitui um dos mais 
célebres exemplares da arquitetura 
civil colonial (Fig. 10). Foi edifi­
cada a partir de 1785 e sua conclu­
são se deu no ano de 1855. Em 
1938, passa a abrigar o Museu da 
Inconfidência, depositário de 
grande acervo documental de 
importante fase da história do 
Brasil. 

Ouro Preto está situada em uma 
região de clima subtropical, caracte­
rizado pela ocorrência de tempera­
turas altas, com abundante precipi­
tação durante o verão, e inverno 
seco, com baixas temperaturas e até 
mesmo geadas. Dependendo da 
direção dos Ventos, a cidade fica 
exposta à emissão de poluentes de 
uma fábrica de alumínio localizada 
nos arredores. A produção eletrolí-
tica de alumínio libera fluor e 
material particulado. O contato do 
flúor com a umidade do ar leva à 
produção de ácido fluorídrico, que 
causa a dissolução dos silicatos do 
material pétreo podendo assim 
causar a sua destruição. A influência 
negativa dos fluoretos é conhecida, 
porém poucos estudos têm sido 
realizados, até o momento, sobre 
seus efeitos nas pedras. Torna-se 
necessária a realização de pesquisas 
sistemáticas na área. 

Pedras da jazida do Pico do Itaco-
lomi, localizada nas proximidades 
de Ouro Preto, foram usadas na 
construção dos elementos arquitetô­
nicos e estruturais da Igreja São 
Francisco de Assis, sendo que as 
paredes foram construídas em 
alvenaria também de pedra. Na 
jazida é possível encontrar blocos 
de pedra, parcialmente trabalhados, 
com intensa intemperisação. No que 
se refere à petrografia, o Quartzito 

Das Inconfidência Museum ist als 
weltliches Bauwerk ein Beispiel 
barocker Kolonialarchitektur 
(Abb. 10). Der Bau wurde 1785 
begonnen, aber erst 70 Jahre spä­
ter, nämlich 1855 abgeschlossen. 
Er fand Verwendung als Gefängnis 
und Rathaus bevor hier 1938 ein 
Museum eingerichtet wurde. 

Ouro Preto gehört dem subtropi­
schen Klimabereich an, mit heißen, 
regenreichen Sommern, trockenen 
Wintern und so gut wie niemals 
Frost. Je nach Windrichtung liegt 
die Stadt im Einflußbereich der 
Emissionen einer nahegelegenen 
Alumimumfabrik. Bei der elektroly­
tischen Herstellung von Aluminium 
fallen fluorhaltige Schadgase und 
Partikel an. Zusammen mit der 
Luftfeuchtigkeit bildet sich Fluß­
säure, die silikatisches Gesteinsma­
terial lösen und somit zerstören 
kann. Die negativen Einflüsse von 
Fluoriden auf Pflanzen sind be­
kannt, aber bis heute gibt es wenig 
systematische Untersuchungen über 
Schäden an Bauwerken. 

An der Kirche São Francisco de 
Assis wurde der örtliche Itacolomi 
Quarzit für die Architekturelemente 
verwendet. Er wurde in Brüchen 
um den Pico do Itacolomi, einen 
Berg nahe Ouro Preto, abgebaut. 
Hier gibt es historische Steinbrü­
che, in denen man noch heute stark 
verwitterte, teilweise behauene 
Quader sehen kann. Die petrogra-
phische Ausbildung des verbauten 
Quarzits variiert stark. Das 
Mauerwerk der Kirche ist ein 
verputztes Bruchsteinmauerwerk. 

Bereits bei einer ersten Begehung 
werden an der Kirche verschiedene 
Schäden deutlich. Einerseits ist der 
Mörtel des Fugensystems innerhalb 
der Natursteinpartien in sehr 
schlechtem Zustand. Hierdurch 
wird es möglich, daß Regenwasser 
tief in das Mauerwerk eindringen 
und zerstörend wirken kann. 
Andererseits weist der Sockelbe­
reich meistenteils wesentlich größe­
re Schäden auf als höher gelegene 
Naturstembereiche. Dies ist auf 



contamination to the severe degra­
dation. Corroding iron bars burst 
the stone mullions of several 
windows. 

As you look at the decay of the 
Itacolomi Quartzite in detail it 
becomes clear that nearly all 
damages are caused by material 
detachment. Many blocks show the 
development of densified scales and 
crusts where microorganisms are 
always found below (fig. 11). They 
contribute to stone decay by harm­
ful metabolic products and impeded 
drying. 

In contrast to São Francisco de Assis 
Church at Inconfidência Museum 
quartzites were used for large 
masonry parts. Therefore this build­
ing is an excellent example to study 
the lithology and weathering forms. 
Here a representative characteriza­
tion of the local quartzites has been 
elaborated. 

Unlike in Congonhas, in Ouro 
Preto salt enrichment plays an 
important role. Besides gypsum 
nitrate- and chloride-salts can be 
found. The vicinity of a grave yard 
as well as the animal and human 
spoiling may explain the high ni­
trate rates. The industrial environ­
ment must be responsible for the 
presence of air pollutants, e.g. 
fluorides, sulphur dioxide and 
particulate matter. The highest 
concentrations of these pollutants 
occur at SW wind direction. Espe­
cially fluorides in the ambient air of 
Ouro Preto explains the enlarged 
content of fluoride salts in the 
surface samples of São Francisco de 
Assis Church and the Inconfidência 
Museum. It becomes evident that 
environmental pollution leaves its 
marks on natural stones. 

Itacolomi Quartzite mainly consists 
of the minerals quartz and mica. 
Subordinate^ kaolinite and hema­
tite may occure. Water absorption 
augments strongly when the stone is 
weathered. Higher water uptake 
does not only cause hygric swelling 
and slirinking, but also meliorates 

Itacolomi possui constituição varia­
da. 

Diferentes formas de degradação são 
observadas, mesmo à primeira 
vista. A argamassa de rejuntamen-
to das pedras encontra-se compro­
metida e, dessa maneira, a água da 
chuva consegue penetrar profunda­
mente na alvenaria, acelerando a 
degradação. Por outro lado, as áreas 
dos baldrames apresentam piores 
condições que as partes superiores. 
Isto ocorre devido à umidade e 
problemas de formação de sais na 
parte inferior do edifício. Além do 
mais, a destruição progressiva de um 
cunhal do lado oeste da igreja não 
deve ser negligenciada. O tipo de 
construção do telhado causa alto 
impacto das águas pluviais neste 
ponto e contribui, juntamente com a 
produção de sais, para o processo de 
degradação. A corrosão das barras de 
ferro rompe os marcos de pedra de 
diversas janelas. 

Numa observação detalhada da 
degradação do Quartzito Itacolomi, 
fica claro que todos os processos 
destrutivos são causados pela de­
sagregação e escamação do material. 
Muitos blocos apresentam o desen­
volvimento de escamas - sob as 
quais microorganismos são sempre 
encontrados - que contribuem para 
a degradação da pedra através de 
liberação de metabólitos danosos, 
além da retenção de água que se 
verifica nas escamas (Fig. 11). 

Diferindo da Igreja de São Francisco 
de Assis, no Museu da Inconfidên­
cia os quartzitos foram usados em 
grande parte de sua alvenaria. 
Assim sendo, este prédio constitui 
excelente objeto para o estudo da 
litologia e das formas de intempe-
rismo. Aqui pôde ser elaborada 
uma caracterização representativa 
dos quartzitos locais. 

Ao contrário do que ocorre em 
Congonhas, em Ouro Preto a 
produção de sais configura im­
portante papel no processo de 
degradação. Além do sulfato de 
cálcio, nitratos e cloretos podem 

Feuchtigkeits- und Salzprobleme 
dieser Zone zurückzuführen. Des 
weiteren fällt die unverhältnismäßig 
starke Zerstörung eines tragenden 
Pfeilers an der Westseite der Kirche 
auf. Hierfür ist wohl neben starker 
Salzbelastung eine ungünstige 
Dachkonstruktion verantwortlich zu 
machen, die zu extrem hohem 
Regenwasseranfall an dieser Stelle 
fuhrt. An mehreren Fenstern 
werden die Itacolomi - Fenster­
stöcke von rostenden Eisengittern 
gesprengt. 

Widmet man sich nun dem Scha­
densbild der Natursteinpartien im 
Detail, so werden Gesamtschäden 
deutlich, die auf Materialablösung 
zuriickznfuhren sind. An vielen 
Quadern treten Krusten und Scha­
len auf. Unter diesen verdichteten 
Außenzonen siedeln sich Mikroorga­
nismen an (Abb. 11). Sie tragen 
durch die Produktion gesteins­
schädigender Stoffe sowie durch ihr 
Rückhaltevermögen für eingedrun­
gene Feuchtigkeit zusätzlich zur 
Belastung des Gesteins bei. 

Im Gegensatz zur São Francisco de 
Assis Kirche wurden Quarzite am 
Inconfidência Museum für große 
Mauerwerksteile verwendet. So 
stellt dieses Gebäude ein ausge­
zeichnetes Objekt für das Studium 
der Lithologie und der Verwitte­
rungsformen dar. Hier konnte eine 
repräsentative Charakterisierung 
der lokalen Quarzite ausgearbeitet 
werden. 

Ungleich Congonhas spielt in Ouro 
Preto die Salzbelastung der Natur­
steinbereiche eine große Rolle. 
Neben Gips sind auch Nitrat- und 
Chloridsalze nennenswert vorhan­
den. Die Nähe des Friedhofs wie 
auch tierische und menschliche 
Verunreinigungen können die 
hohen Nitratwerte erklären. Der 
industriellen Umgebung dagegen 
sind wohl Luftschadstoffe, wie 
Fluoride, Schwefeldioxid und 
Stäube zuzuschreiben. Die höchsten 
Konzentrationen treten bei SW-
Windrichtungen auf (Abb. 12). Vor 
allem die erhöhten Anteile an 



Conservation Plan / Plano de Conservação / Konservierungsplan 
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Fig. 12: Conservation plan for 
Itacolomi Quartzite on the Church 
of Sao Francisco de Assis based on 
a mapping of lithology and weath­
ering forms (for explanation see 
chapter 3.1.3.2) / Plano de conser­
vação para Quartzito Itacolomi na 
Igreja São Francisco de Assis base­
ado no mapeamento de litologia e 
degradação (para a explicação vide 
capitulo 3.1.3.2) / Konservierungs­
plan für Itacolomi Quarzit an der 
Kirche São Francisco de Assis 
aufbauend auf einer Lithologie- und 
einer Schadenskartierung (Erklär­
ung in Kapitel 3.1.3.2). 

ser encontrados. A proximidade do 
cemitério, assim como a presença 
de dejetos animais e humanos, 
podem explicar o alto teor de nitra­
to nas pedras dos baldrames da 
igreja. O ambiente industrial pode 
ser responsabilizado pela presença 
de poluentes no ar, tais como fluo­
retos, dióxido de enxofre e material 
particulado. As maiores concentra­
ções destes poluentes nas proximida­
des da igreja ocorrem quando os 
ventos tomam a direção sudoeste. 
Principalmente as elevadas concen­
trações de sais de flúor nas amostras 
da superfície na Igreja de São Fran­
cisco de Assis e no Museu da 
Inconfidência devem-se à existência 

Fluorsalzen in den Oberflächenpro­
ben der São Francisco de Assis 
Kirche und des Inconfidência 
Museums lassen sich auf Fluoride 
in der Luft von Ouro Preto zurück­
führen. Es wird deutlich, daß die 
Umweltbelastung in Ouro Preto 
auch am Naturstein ihre Spuren 
hinterläßt 

Itacolomi Quarzit besteht haupt­
sächlich aus den Mineralen Quarz 
und Glimmer sowie untergeordnet 
Kaolinit und Hämatit. Die Wasser­
aufnahme ist bei verwittertem 
Material stark erhöht. Eine höhere 
Wasseraufnahme bewirkt nicht nur 
verstärktes hygrisches Quellen und 
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the living conditions for microor­
ganisms and enlarges the input of 
pollutants. Dense crusts reduce the 
capillary absorbency on one hand, 
but on the other hand humidity 
cannot evaporate quickly enough. 
All these effects are harmful to the 
stone material. 

A recommendation for the preser­
vation of São Francisco de Assis 
Church must include careful control 
and maintenance as well as a two-
step conservation plan. The first 
step is to reduce the destructive 
environmental factors, like the high 
humidity in the socle areas. A 
drying of the masonry can be 
reached by alterations of the water 
run-off of the roofs, combined with 
a drainage in the ground. Iron bars 
must be kept from rusting by cover­
ing with non corroding materials to 
prevent further damage to the 
mullions. 

The second step is the proper stone 
conservation/restoration. Before 
teginning this work, the reduction 
of the above mentioned environ­
mental risks is an absolute precon­
dition. To start with, careful stone 
cleaning has to be executed to 
remove biological contamination 
and crusts. Scales have to be re-
fixed to the interior stone. Defec­
tive joint mortar is to be substitu­
ted. In the end a consolidation of 
weakened blocks is necessary 
(fig. 12). 

Investigations were carried out to 
select suitable conservation materi­
als. Cleaning tests applying micro-
sand-blasting techniques showed 
very good results (fig. 13). Quart-
zite samples treated with stone 
consolidation agents and refilling 
materials are exposed to examine 
the efficiency and the long-term 
behaviour of the agents. Again 
silicic products were favoured. 

Only by long-term tests of conser­
vation materials the risks that are 
combined with every measure may 
be minimized. 

de fluoretos no ar de Outro Preto. 
Torna-se evidente que a poluição 
ambiental deixa suas marcas no 
material pétreo. 

O Quartzito Itacolomi é constituido 
principalmente dos minerais quart­
zo e mica, podendo ocorrer subor­
dinadamente caolinita e hematita. 
A absorção de água é aumentada 
enormemente quando a pedra está 
alterada por intemperismo. Alto 
teor de absorção de água, além de 
causar dilatação e contração hídrica 
da pedra, também contribui para a 
criação de um ambiente favorável à 
atividade microbiana e para o 
aumento do transporte de poluentes 
para o interior da pedra. Se por 
um lado, crostas densas reduzem a 
absorção capilar, por outro lado, a 
água não pode evaporar facilmente 
através destas. Todos esses efeitos 
são prejudiciais ao material pétreo. 

Como recomendação para a Igreja de 
São Francisco de Assis, devem ser 
incluídos o controle cuidadoso e a 
sua correta manutenção, assim como 
um plano de conservação em duas 
etapas. A primeira delas consiste na 
redução dos fatores ambientais 
destrutivos, como, por exemplo, a 
alta umidade nas áreas dos baldra­
mes. A secagem da alvenaria pode 
ser obtida pela alteração da passa­
gem da água dos telhados, combi­
nada com a drenagem do solo. 
Pode-se eliminar a ferrugem das 
barras de ferro das janelas com a 
aplicação de material anticorrosivo. 

A segunda etapa da conservação/res­
tauração propriamente dita da pedra 
só pode ser iniciada após terem sido 
atenuados os problemas acima 
mencionados. O trabalho deve ser 
iniciado com a limpeza cuidadosa 
das pedras, a fim de remover a 
contaminação biológica e as crostas. 
As escamas devem ser refixadas e a 
argamassa comprometida deve ser 
substituída. Por fim, os blocos 
deteriorados devem ser consolida­
dos <Fíg. 12). 

As pesquisas foram dirigidas no 
sentido de selecionar o material de 

Schrumpfen, sondern verbessert 
auch die Lebensbedingungen für 
Mikroorganismen und erhöht den 
Schadstoffeintrag. Dichte Krusten 
verringern zwar das kapillare Sau­
gen, verhindern aber auch die 
schnelle Trocknung. Alle genannten 
Effekte belasten das Gesteins­
material. 

Eine Empfehlung zur Erhaltung der 
São Francisco de Assis Kirche muß 
sorgfältige Kontrolle und Pflege mit 
einen zweiphasigen Konservie­
rungsplan verbinden. Die erste 
Phase ist eine Reduzierung der 
zerstörenden Umgebungsfaktoren, 
wie der hohen Mauerfeuchtigkeit in 
den Sockelbereichen. Dieses Ziel 
kann durch eine Änderung der 
Wasserführung des Dachs, kombi­
niert mit Drainagemaßnahmen, er­
reicht werden. Eisengitter müssen 
vor Rost geschützt werden, um 
weitere Sprengungen zu vermeiden. 

Der zweite Schritt, die eigentliche 
Gesteinskonservierung und -restau-
rierung, kann nur nach einer erfolg­
reichen Müderung der oben ge­
nannten Umfeldprobleme begonnen 
werden. Zu Beginn ist eine Reini­
gung durchzuführen. Sie muß 
biologischen Bewuchs und Krusten 
entfernen. Hohlliegende Schalen 
müssen wieder an das Gestein 
angebunden werden. Schadhafter 
Fugenmörtel ist zu ersetzen. Zum 
Abschluß ist eine Festigung ge­
schwächter Natursteinpartien not­
wendig (Abb. 12). 

Untersuchungen zur Bestimmung 
geeigneter Konservierungsmateria­
lien wurden durchgeführt. Reini­
gungsversuche im Mikrosandstrahl-
verfahren zeigten sehr gute Erfolge 
(Abb. 13). Mit Steinfestiger behan­
delte Quarzit Proben sind expo­
niert, um Effizienz und Langzeit­
verhalten zu testen. Wieder wurden 
Si02-Gel abscheidende Produkte 
bevorzugt. 

Nur Langzeittests der Konservie­
rungsmaterialien helfen die Risiken, 
die mit jeder Maßnahme verbunden 
sind, klein zu halten. 
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1.2.4 Atchitectónica] Assemblage 
of Caraça - Santa Bárbara 

In the mountains of Caraça within a 
vast natural reserve the sanctuary is 
situated far away from everyday's 
life and stress (tig. 14). 

After the foundation of the brother­
hood of Nossa Senhora Mãe dos 
Homens construction works in 
Caraça started in 1774 to build a 
chapel, a temple and lodgings for 

laymen. The chapel was blessed in 
1779. The history of the sanctuary 
shows many alterations and great 
misfortunes like the abandonment 
and reconstruction of parts of the 
ensemble during the 19th century 
and the big fire in 1968 that de­
stroyed large parts. The church is 
considered as the first Gothic 
Revival building in Brazil. 

conservação/restauro apropriado. 
Testes de limpeza utilizando micro-
jateamento mostraram bons resulta­
dos. (Fig. 13). Amostras de quart-
zito tratadas com produtos adesivos 
e consolidantes estão expostas a fim 
de testar a eficiência e o comporta­
mento destes materiais a longo 
prazo. Mais uma vez, os produtos 
à base de silicatos foram os preferi­
dos. Somente com os dados obti­
dos após os testes de longo prazo os 
riscos podem ser minimizados. 

1.2.4 Conjunto Arquitetônico do 
Caraça - Santa Bárbara 

O conjunto situa-se no centro da 
Serra do Caraça, compreendendo 
uma vasta reserva natural, distante 
de áreas habitadas. Foi construído 
com intuito de ser recolhimento 
para peregrinos, passando depois a 
seminário e colégio (Fig. 14). 

1.2.4 Kloster und Seminar von 
Caraça - Santa Bárbara 

In den Bergen von Caraça mitten in 
einem großen Naturreservat liegt 
die Klosteranlage fern vom tägli­
chen Leben mit Stress und Hetze 
(Abb. 14). 

Nach der Gründung der Bruder­
schaft von Nossa Senhora Mãe dos 
Homens begannen die Bauarbeiten 
in Caraça im Jahre 1774 mit der 

Errichtung einer Kapelle, eines 
Tempels und Laienunterkünften. 
Die Kapelle wurde 1779 geweiht. 
Die Geschichte des Klosters zeigt 
viele Veränderungen und große 
Schicksalsschläge wie die Aufgabe 
und den Wiederaufbau von Teilen 
des Ensembles während des 
19. Jhs. und das große Feuer im 
Jahre 1968, das weite Teile zerstör­
te. Die Kirche wird als das erste 
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Fig. 14: The assemblage of Caraça / 
Conjunto de Caraça I Die Anlage 
von Caraça (above) 

Fig. 15: Sample tables of the Out­
door Exposition Program in Caraça / 
Mesas para amostras relativas ao 
programa de exposição ao relento 
/ Probentische des Freiland Exposi­
tionsprogramms in Caraça (left) 

Fig. 16: Algae in biofilm covering 
Quartzite in Caraça (2300x) / Algas 
em biofilme sobre quartzito em 
Caraça (2300x) / Algen in einem 
Biofilm auf Caraça Quarzit (2300x) 
(above left) 
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The Architectonical Assemblage of 
Caraça is protected from the influ­
ence of big cities and industrial 
plants. For its clean air quality it 
was choosen for IDEAS Ptoject as 
a comparative site in a low pollu­
ted area. This is why sample tables 
of the IDEAS Outdoor Exposure 
Program are installed here as well 
(fig. 15). 

Because a very abundant microbial 
activity can be found in this place, 
research work concentrated on 
microbiological classification and 
investigations concerning develop­
ment and test of biocidal treat­
ments. Caraça provides very good 
conditions to enlarge the knowlegde 
on species and risk potential of 
subtropical microorganisms on 
monuments (fig. 16). Measure­
ments on microbiological contami­
nated and on clean surfaces showed 
no differences in mechanical 
strength. Equally absorbency tests 
revealed no loosened zones under­
neath biological crusts. Therefore 
no hints could be found on a 
damaging effect of the biogene 
coatings of Caraca's quartzite build­
ing stones. Obviously it only repre­
sents an esthetics.! defect. 

Long-term experiments with bio-
cides are running. Test areas trea­
ted with biocides showed no reco-
lonization after 6 months. These 
investigations are carried on. 

1.2.5 Aachen Cathedral - Aachen 

In the West of Germany close to 
the Belgian and the Dutch border 
there is the town of Aachen. The 
Aachen Cathedral is one of the 
oldest and most important historic 
buildings in Central Europe 
(fig. 17). 

The church today is the result of 
more than 1000 years of building 
time and therefore shows influences 
of the most varying cultural epocs. 
Construction started about 786 with 
the Carolingian octagon. Between 
1355 and 1414 a Gothic choir was 

A construção do Conjunto Arquite­
tônico do Caraça teve início em 
1774, quando o seu fundador, o 
Irmão Lourenço de Nossa Senhora, 
recebeu provisão para edificar uma 
capela, iniciando-se as obras do 
templo e do "hospício" - edifício 
anexo destinado à hospedagem de 
religiosos e peregrinadores. Em 
1779, a capela recebe a benção, 
marcando a finalização das obras de 
construção. Uma nova capela, 
dedicada à Nossa Senhora Mãe dos 
Homens, foi edificada, entre 1876 e 
1883, em substituição à primitiva. 
Deve sua maior projeção ao pioneir­
ismo de sua estética, no que foi 
considerada o primeiro exemplar da 
arquitetura neogótica no Brasil. 
Ainda no século XIX, outras obras 
de vulto e importância foram 
empreendidas. Em 1968, um incên­
dio destruiu o grande prédio anexo, 
construído cem anos antes. A 
edificação mais sólida do conjunto 
abrigava o dormitório, o laboratór­
io de química e física e a biblioteca. 

Devido ao fato de o Conjunto 
Arquitetônico do Caraça ser prote­
gido da influência das grandes 
cidades e indústrias e por causa da 
pureza do ar, foi escolhido como 
local de referência em uma área de 
pouca poluição para o projeto 
IDEAS. Por isso, foram expostas 
também no Caraça amostras relati­
vas ao programa de exposição ao 
relento (Fig. 15). 

Como aqui predomina abundante 
atividade microbiana, os trabalhos 
se concentraram principalmente na 
área de identificação microbiológica 
e pesquisas de desenvolvimento e 
teste de tratamentos com biocidas. 
Caraça oferece condições excelentes 
para a ampliação do conhecimento 
das espécies e do potencial de risco 
de micro-organismos subtropicais 
(Fig. 16). Medidas de resistência à 
perfuração não demonstraram altera­
ções na dureza de áreas colonizadas 
por raicro-organismos. Do mesmo 
modo, medidas do poder capilar de 
absorção não evidenciaram áreas 
desagregadas sob as camadas bioló-

Beispiel der Neugotik in Brasilien 
betrachtet. 

Die Anlage von Caraca ist ge­
schützt vor dem Einfluß großer 
Städte und Industriegebiete. Wegen 
seiner Luftreinheit wurde dieser Ort 
als Vergleich in einer gering be­
lasteten Umgebung für das Projekt 
IDEAS ausgesucht. Aus diesem 
Grund wurden auch Probentische 
des Expositionsprogramms in 
Caraca aufgestellt (Abb. 15). 

Weil hier eine sehr üppige mikio-
bielle Aktivität vorherrscht, kon­
zentrierten sich die Arbeiten vor 
allem auf mikrobiologische Be­
stimmungen und Untersuchungen 
zur Entwicklung und zum Test von 
Biozidbehandlungen. Caraca bietet 
hervorragende Voraussetzungen, 
um die Kenntnisse von Arten und 
Gefahrdungspotential subtropischer 
Mikroorganismen an Denhnälern 
zu erweitern (Abb. 16). 

Messungen zur Bohrwiderstands -
härte ergaben keine Änderung der 
Gesteinsfestigkeiten auf mikro­
biologisch besiedelten Bereichen. 
Ebenso zeigten Bestimmungen der 
kapillaren Saugfähigkeit keine auf­
gelockerten Bereiche unter den bio­
logischen Krusten an. Es konnten 
also keine Anzeichen für eine 
schädigende Wirkung auf den 
Quarzit von Caraca, die von 
mikrobiologischer Besiedlung 
ausgeht, gefunden werden. An­
scheinend handelt es sich nur um 
eine ästhetische Beeinträchtigung. 

Langzeittests mit Bioziden werden 
derzeit durchgeführt. Biozid-behan-
delte Musterflächen zeigten nach 6 
Monaten praktisch keine Neube-
siedlung. Diese Untersuchungen 
werden fortgeführt. 

1.2.5 Aachener Dom - Aachen 

Im Westen Deutschlands, nahe der 
belgischen und der niederländischen 
Grenze liegt Aachen. Der Dom ist 
eine der ältesten und bedeutendsten 
Kirchen in Mitteleuropa (Abb. 17). 



added, and from the 15th till the 
18th century six chapels were built. 
This long construction history also 
explains the multiplicity of building 
stones that were used at the Cathe­
dral as a construction or exchange 
material. 

Two different types of sandstone 
were selected for the investigations 
of the IDEAS Project. One sand­
stone type, whose origin is un­
known, was used to produce the 
pinnacles on the roof of the Gothic 
choir. The other, named Herzogen-
rath Sandstone, can be found in 
several parts of the building, but it 
has been mainly investigated in one 
of the side-chapels, the Chapel of 
Charles (fig. 18). Both stones differ 
considerably in their characteristics 
and their weathering behaviour. 

Aachen is situated on the western 
border of the Rhenish Brown Coal 
District. The mined coal contains 
sulfur. When burned in industry 
and as domestic fuel considerable 
amounts of sulfur dioxide are set 
free. Sulphuric acid is one of the 
most important stone deterioration 
agents. It leads to mineral decom­
position and salt enrichment in the 
stone pores. With strict regulations 
for better filter techniques and the 
increasing application of cleaner 
fuel the air quality in Aachen has 
improved since the middle of the 
sixties. Natural stone, however, 
stores the pollutants. Non-soluble 
deposits on the stone surface and 
salts within the pores will not 
reduce in times of lower pollution. 

The Gothic choir's roof is decora­
ted with 14 pinnacles that were 
completely exchanged during the 
second half of the last century. 
Younger restoration measures are 
documented by inscriptions, e.g. 
1932 on some parts of the pinna­
cles. 

The sandstone shows a yellowish 
color and consists of the minerals 
quartz and felspar, further clay 
minerals and dolomite. The latter 
turns a stone susceptible to deep 

gicas. Portanto, não foram constata­
dos sinais de efeitos perniciosos no 
quartzito de Caraça provenientes de 
colonização microbiológica. Aparen­
temente, trata-se apenas de prejuízo 
à aparência externa. 

Testes de longa duração com bioci-
das estão sendo realizados atualmen­
te. Passados seis meses, superfícies 
de teste tratadas com biocidas não 
apresentam nova colonização. Será 
dada continuidade a estas investiga­
ções. 

1.2.5 Catedral de Aachen 

Na região oeste da Alemanha, 
próxima às fronteiras da Bélgica e 
da Holanda, situa-se a cidade de 
Aachen. Sua catedral é um dos 

• mais antigos e importantes monu­
mentos da Europa Central. 

Essa catedral, nos dias atuais, é o 
resultado de mais de mil anos de 
construção e reconstrução, apresen­
tando influências das mais variadas 
épocas culturais (Fig. 18). Sua 
construção se iniciou por volta do 
ano 786, com o octógono caro-
língio. Entre 1355 e 1414, um 
coro gótico foi acrescentado e, 
entre os séculos XV e XVIII, seis 
capelas foram construídas. Este 
longo período histórico de edificação 
também explica a multiplicidade de 
materiais pétreos usados na con­
strução e nas substituições de caráter 
reparatório. 

Dois tipos distintos de arenito 
foram selecionados para a investi­
gação no Projeto IDEAS. Um 
deles, de origem desconhecida, foi 
empregado para a produção dos 
pináculos no telhado do coro góti­
co. O outro, denominado arenito 
de Herzogenrath, pode ser encon­
trado em várias partes do edifício, 
mas foi investigado principalmente 
numa das capelas laterais, a Capela 
de Charles (Fig. 18). Ambas as pedras 
diferem entre si em suas caracterís­
ticas e comportamento frente ao 
intemperismo. 

Die heutige Kirche ist das Resultat 
von mehr als 1000 Jahren Bauzeit 
und zeigt somit den Einfluß der 
verschiedensten Kulturepochen. 
Begonnen wurde der Dom um das 
Jahr 786 nach Christus mit dem 
karolingischen Oktogon. Zwischen 
1355 und 1414 wurde ein gotischer 
Chor angebaut, dem vom 15. bis 
zum 18. Jh. sechs Seitenkapellen 
folgten. Diese lange Baugeschichte 
erklärt auch die Vielfalt an Bau-
und Austauschgesteinen, die am 
Dom zu finden ist. 

Zwei verschiedene Sandsteintypen 
wurden für die Untersuchungen des 
Projektes IDEAS ausgewählt. Der 
eine Typ, dessen Herkunft unbe­
kannt ist, wurde für die Fialaufsät­
ze auf dem Dachumgang des goti­
schen Chors verwendet, während 
der andere, Herzogenrather Sand­
stein, an mehreren Stellen verbaut 
ist. Er wurde v.a. an einer der Sei­
tenkapellen, der Karlskapelle, 
untersucht (Abb. 18). Beide Steine 
unterscheiden sich beträchtlich in 
Eigenschaften und Verwitterungs­
verhalten. 

Aachen liegt am Westrand des 
Rheinischen Braunkohlenreviers. 
Die hier abgebaute Kohle enthält 
Schwefel. Bei der Verfeuerung in 
Industrie und Hausbrand werden 
beträchtliche Mengen an Schwefel­
dioxid frei. Schwefelsäure ist einer 
der am stärksten gesteinsschädigen­
den Stoffe. Sie führt zu Mineralzer­
setzung und Salzanreicherungen im 
Porenraum. Mit der Einführung 
strenger Vorschriften für Filter­
techniken und der zunehmenden 
Verwendung reinerer Brennstoffe 
ist seit Mitte der sechziger Jahre 
eine Verbesserung der Luftqualität 
in Aachen zu verzeichnen. Natur­
stein aber speichert Schadstoffe. 
Schwerlösliche Ablagerungen an 
der Gesteinsoberfläche und Salze in 
den Poren werden in Zeiten gerin­
gerer Schadstoffbelastung nicht 
abgebaut. 

Das Dach des gotischen Chors ist 
mit 14 Fialaufsätzen geschmückt, 
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Fig. 17: The Aachen Cathedral with Octogon and Gothic Choir/ A Catedral de Aachen, Octógono e Coro Gótico / 
Der Dom zu Aachen mit dem Oktogon und dem gotischen Chor (left) 
Fig. 18: The Charles Chapel of Aachen Cathedral I Cápela de Charles da Catedral de Aachen / Die 
Karlskapelle des Doms zu Aachen (right) 

attack by S 0 2 containing pollutants, 
as carbonate minerals are trans­
formed to sulfate salts by an impact 
of sulphuric acid. So the most 
prominent cause of degradation of 
the pinnacles is salt enrichment. All 
pinnacles show considerable 
damages combined with high loss 
of material (fig. 19). Chemical 
analysis of surface samples show a 
high content of gypsum and mag­
nesium sulfate. 

In order to determine the salt and 
humidity distribution in the depth 
two little drillcores with a diameter 
of 15 mm have been taken. High 
salt concentrations up to a depth of 
3-4 cm and an enormous wetting of 
a pinnacle's interior have been 
proved (fig. 21). Even though 

Aachen está situada na fronteira 
oeste do distrito de Rheinish Brown 
Coal. O carvão ali minerado contém 
enxofre que, quando usado como 
combustível industrial e doméstico, 
emite considerável concentração de 
dióxido de enxofre. O ácido sulfú­
rico é um dos mais importantes 
agentes de degradação de pedras, 
levando à decomposição de minerais 
e à acumulação de sais em seus 
poros. Entretanto, as leis de con­
trole ambiental impuseram o uso de 
tecnologias para a redução de emissão 
de gases e do nível de enxofre nos 
combustíveis. Este fato propiciou a 
partir da década de 60, a melhoria 
da qualidade do ar em Aachen. 
Contudo, as pedras acumulam os 
poluentes e, portanto, os compostos 
insolúveis depositados na superfície 

die vollständig während des letzten 
Jahrhunderts ausgetauscht wurden. 
Jüngere Restaurierungsmaßnahmen 
(z.B. 1932) sind durch Inschriften 
an einigen Fialen belegt. 

Der gelbliche Sandstein besteht aus 
Quarz und Feldspat und zusätzlich 
Tonmineralen und Dolomit. Letzte­
rer bewirkt eine tiefreichende 
Anfälligkeit des Gesteins für SO,-
haltige Schadstoffe, da Karbonat­
mineralien durch Angriff von 
Schwefelsäure in Sulfatsalze 
umgewandelt werden. Salzverwitte­
rung ist hier der vorherrschende 
Schädigungsgrund. Alle Fialen 
zeigen beträchtliche Schäden 
verbunden mit hohem Material­
verlust (Abb. 19). Oberflächenpro­
ben enthalten hohe Gips- und 
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irùcrcwrganisms have been detected 
on the stone surface, the main 
problem remains the salt load of the 
stone. 

High salt contaminations do not 
only destroy the stone material, but 
might also prevent a conservation 
treatment by impregnation because 
of reduction of capillarity. This is 
the case at the pinnacles as water 
uptake measurements have shown. 

To allow the very necessary con­
servation a desalination must be 
carried out. Tests with poultice 
méthodes have been successful, the 
penetration has augmented conside­
rably (fig. 20). Only after an effec­
tive desalination a stone consolida­
tion measure can be successful. For 
further studies, e.g the selection of 
suitable stone consolidants, original 
and exchange material for labora­
tory tests has to be provided. 

The Herzogenrath Sandstone was 
quarried in the vicinity of Aachen. 
It is a very pure quartz sandstone 
with a high porosity. It is often 
only very little compacted and thus 
sensitive to static pressure and 
freezing. For microbiological 
contamination, however, Herzogen­
rath Sandstone is not susceptible. 

In rain protected zones it tends to 
form black gypsum crusts, that 
influence the water absorption as 
well as the water vapor diffusion. 
Salt œntamination is important 
only within the first 1-2 cm of the 
stone. 

The most severe problem of the 
Herzogenrath Sandstone is its 
property to disintegrate into single 
quartz grains. Sometimes only sand 
is left underneath the crusts. Even 
though not always visible from the 
outside, this fact is a big risk for 
stability. A conservation plan has to 
start at here. Grain bondings lost by 
weathering have to be re-estab­
lished by consolidation measures. 

For the selection of efficient stone 
strengtheners tests on exchange and 

e os sais no interior dos poros não são 
reduzidos na mesma proporção que a 
redução da poluição atmosférica. 

O telhado do coro gótico é decora­
do por quatorze pináculos, que 
foram completamente substituidos 
durante a segunda metade do século 
XIX. Outras intervenções em algu­
mas partes dos pináculos estão 
documentadas em inscrições, algu­
mas datadas de 1932. 

O arenito apresenta cor amarelada e 
é constituído mineralógicamente 
por quartzo, feldspato e, subordi­
nadamente, por minerais de argila e 
dolomita. Este último toma a 
pedra suscetível a ataques intensos 
por poluentes contendo S0 2 , pois 
os minerais carbonáticos são trans­
formados em sais de enxofre 
quando em presença de ácido sulfú­
rico. Assim, a principal causa da 
degradação dos pináculos se deve ao 
enriquecimento em sais. Todos 
eles apresentam consideráveis 
danos, combinados com elevada 
perda de material (Fig. 19). Análi­
ses químicas de amostras de super­
fície mostram um elevado conteúdo 
de sulfatos de cálcio e magnésio. 

Duas pequenas amostras cilíndri­
cas, com diâmetros de 15mm, 
foram obtidas para determinar as 
distribuições em profundidade de 
sais e umidade. Altas concentrações 
de sal, até a profundidade de 3 a 4 
centímetros, e uma enorme umida­
de no interior dos pináculos pode 
ser constatada. (Fig. 21). Apesar 
de microorganismos terem sido 
detectados na superfície da pedra, o 
principal problema consiste na 
carga de sais acumulados. 

Altas contaminações por sal não 
somente destroem o material pé­
treo, mas também podem impedir 
um tratamento de conservação por 
impregnação, devido à redução da 
capilaridade. Este fenômeno é 
observado nos pináculos, conforme 
demonstraram as medições de absor­
ção de água. Para tornar possível a 
aplicação das medidas de conservação 
urgentemente necessárias, deverá 

Magnesiumsulfatanteile. 

Um Informationen über die Salz-
und Feuchtigkeitsverteilung im 
Gesteinsinneren zu erhalten, 
wurden zwei kleine Bohrkerne mit 
einem Durchmesser von 15 mm 
gezogen. Hohe Salzgehalte bis in 
eine Tiefe von 3-4 cm und eine 
starke Durchfeuchtung der Fialen 
konnten so nachgewiesen werden 
(Abb. 21), Obwohl Mikroorganis­
men auf der Gesteinsoberfläche 
gefunden wurden, bleibt doch die 
Salzbelastung das vorherrschende 
Problem. 

Hohe Salzgehalte eines Natursteins 
wirken nicht nur zerstörend auf den 
Stein ein, sondern machen oft auch 
eine Tränkung mit Gesteinsschutz­
mitteln infolge einer Verringerung 
der kapillaren Saugfähigkeit 
unmöglich. Dies ist hier der Fall, 
wie Wasseraufnahmemessungen 
zeigten. 

Um die dringend notwendigen 
Konservierungsmaßnahmen zuzu­
lassen, muß eine Entsalzung durch­
geführt werden. Tests mit Entsal­
zungskompressen waren erfolg­
reich, die Saugfähigkeit erhöhte 
sich erheblich (Abb. 20). Eine 
gelungene Entsalzung ist Voraus­
setzung für die Konservierung. Die 
Auswahl der Konservierungsmate­
rialien, wie z.B. Gesteinsfesti­
gungsmittel, würde allerdings 
Gesteinsproben erfordern, um 
Laborversuche durchfuhren zu 
können. 

Der Herzogenrather Sandstein 
stammt aus der Umgebung von 
Aachen. Er ist ein sehr reiner 
Quarzsandstein mit einer hohen 
Porosität. Oft ist er nur sehr wenig 
verfestigt und deshalb empfindlich 
gegenüber statischem Druck und 
Frost. Mikrobiologische Besiedlung 
dagegen stellt keine Gefahr dar. 

An regenabgewandten Seiten neigt 
er zur Ausbildung schwarzer Gips­
krusten, die die Wasseraufnahme 
ebenso beeinflussen wie die Was-
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Fig. 19: Salt weathering on the 
pinnacles / Degradação provocada 
por sais nos pináculos / Salzverwit­
terung an den Fialaufsätzen 

Fig. 20: Desalination tests by diffe­
rent poultices / Testes de dessalini-
zação com diferentes compressas / 
Entsalzungsversuche mittels ver­
schiedener Kompressen 

Fig. 21: Measurement of temperatu­
re-humidity-depth-profile and 
determination of capillarity / Medi­
ção de temperatura e umidade em 
profundidade e determinação da 
capilaridade / Messung eines 
Temperatur-Feuchte-Tiefenprofils 
und Bestimmung der Kapillarität 

quarry material have been carried 
out using several commercial and 
modified stone strengthening 
agents. In laboratory tests even 
highly weathered stone material 
reached such a promising increase 
of strength that an exchange of the 
local historical building material 
will become unnecessary by such a 
treatment. 

ser realizada uma dessalinização. 
Testes com compressas de pasta de 
celulose apresentaram ótimos resul­
tados, aumentando consideravel­
mente os índices de absorção.(Fig. 
20). Uma dessalinização efetiva é 
condição prévia para o sucesso das 
medidas de consolidação da pedra. 
Para estudos adicionais, como, por 
exemplo, a seleção de consolidantes 
adequados, faz-se necessária a 
remoção de amostras para testes em 
laboratório. 

O arenito de Herzogenrath foi 
lavrado nas vizinhanças de Aachen. 
É um arenito de quartzo muito 
puro, com elevada porosidade. É 
frequentemente pouco compacto e, 
portanto, sensível à pressão estática 
e ao congelamento. Entretanto, não 
é suscetível à contaminação biológi­
ca. 

Nas áreas protegidas da chuva, 
tende a formar crostas negras de 
sulfato de cálcio, que influenciam 
não só a absorção de água, como 
também a difusão de vapor de água. 
A contaminação por sal é significati-

serdampfdiffusion. Salzbelastung 
spielt nur in den äußeren 1-2 
Zentimetern eine Rolle. 

Das größte Problem des Herzogen­
rather Sandsteins ist seine Eigen­
schaft, in einzelne Sandkörner zu 
zerfallen. Manchmal ist unter den 
Krusten nur noch loser Sand anzu­
treffen. Obwohl man es nicht 
immer von außen sehen kann, ist 
das ein ernstes Problem für die 
Stabilität. Hier muß ein Konservie­
rungsplan ansetzen. Die durch 
Verwitterung verloren gegangenen 
Kornbindungen müssen durch 
Festigungsmaßnahmen wieder her­
gestellt werden. 

Zur Festlegung geeigneter Gesteins­
festiger wurden Tests mit kommer­
ziellen und modifizierten Festi­
gungsmitteln durchgeführt. In La­
borversuchen wurden auch bei 
bereits stark verwittertem Gesteins­
material ausreichend hohe Festig­
keiten erzielt, sodaß durch eine 
solche Maßnahme ein Austausch 
des örtlichen, historischen Bau­
materials überflüssig werden kann. 
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1.2.6 Outdoor Exposition Pro­
gram 

The general intention of exposition 
tests is to investigate weathering 
behaviour of stone material as well 
as efficiency and durability of 
conservation treatments and bio-
cides under different climatic condi­
tions and varying air qualities. For 
this purpose stone samples are cut 
out of identical stone blocks and 
exposed at different sites. Unlike 
the situation on monuments, where 
innumerous special conditions 
cover the typical degradation 
forms, this procedure allows an 
investigation of stones free of dis­
turbing influences. Additionally all 
samples are thouroughly documen­
ted and tested before exposition to 
supply a data basis for future in­
vestigation. 

In IDEAS Project 4 different natu­
ral stones are included in the investi­
gation : soapstone from Congonhas 
and Itacolomi Quartzite from Ouro 
Preto as well as the two German 
sandstone types Oberkirchner and 
Sander ScnÚf Sandstone. According 
to a special shape (fig. 22) deve­
loped in the project samples were 
cut and exposed in Brazil and in 
Germany. As Brazilian exposition 
sites Congonhas, Belo Horizonte 
and Caraça were selected (fig. 15), 
while the German test fields are in 
the city of Aachen and in a low 
polluted area in the south of 
Aachen. 

Before exposition a careful photo-
documentation and phenomenologi-
cal description as well as a deter-
mination of important stone para­
meters have been carried out. Some 
sample blocks have been treated 
with selected conservation agents 
and biocides. For others samples 
run-off samplers have been in­
stalled to research the influence of 
air pollution and amount of rain on 
weathering processes. The Exposi­
tion Program is completed by 
climate and air quality data of the 
Ideas Mobile Unit and other mea­
suring stations. 

va apenas na superfície e próxima a 
ela, em uma profundidade de 1 a 2 
centímetros. 

O maior problema apresentado pelo 
arenito de Herzogenrath é a sua 
característica de desintegrar-se em 
grãos individualizados de quartzo. 
As vezes, apenas areia é encontrada 
sob as crostas negras, mas este fato 
nem sempre é externamente percep­
tível e constitui grande risco para a 
estabilidade do material. Um plano 
de conservação deve ser iniciado 
com o restabelecimento das ligações 
entre os grãos - rompidas pelo 
intemperismo - através de medidas 
de consolidação. 

Para a seleção de eficientes reforça-
dores de pedra, testes em materiais 
substituídos e de jazidas foram 
feitos utilizando diversos agentes 
comerciais e modificados. Nos 
testes de laboratório, até mesmo 
material intensamente intemperisa-
do atingiu um promissor aumento 
de resistência, o què favorece o 
tratamento de consolidação da pedra, 
evitando a sua substituição. 

1.2.6 Programa de exposição de 
amostras ao relento 

O programa de exposição ao relento 
objetiva acompanhar o processo de 
degradação nas pedras e a eficiência 
e durabilidade dos materiais e das 
técnicas de restauro e conservação 
aplicados em diferentes condições 
climáticas e de qualidade do ar. 
Com este objetivo corpos de prova 
são preparados a partir de blocos 
idênticos e expostos em diversos 
lugares. Ao contrário do que ocorre 
nos monumentos, onde inúmeras 
condições especiais mascaram típicas 
formas de degradação, este procedi­
mento permite uma investigação 
livre de interferências. Paralela­
mente, antes de serem transferidas, 
todas as amostras são documentadas 
cuidadosamente e examinadas com 
o fim de construir uma base de 
dados para futuros monitoramentos. 

1.2.6 Freiland - Bewitterungspro-
gramm 

Die generelle Absicht solcher 
Expositionstests ist es, Verwitte­
rungsverhalten von Steinmaterial 
ebenso wie die Effektivität und 
Haltbarkeit von Konservierungsbe­
handlungen und Bioziden unter ver­
schiedenen klimatischen Bedingun­
gen und Luftqualitäten zu untersu­
chen. Zu diesem Zweck werden 
Gesteinskörper aus identischen 
Steinblöcken geschnitten und an 
verschiedenen Orten exponiert. 
Anders als an den Denkmälern, wo 
unzählige Spezialbedingungen die 
typischen Verwitterungsformen 
verschleiern, erlaubt dieses Vorge­
hen die Untersuchung der Gesteine 
frei von störenden Einflüssen. 
Daneben werden alle Proben vor 
der Auslagerung sorgfältig doku­
mentiert und untersucht, um so 
über eine Datenbasis für zukünftige 
Überwachungen zu verfugen. 

Im Projekt IDEAS wurden 4 ver­
schiedene Natursteine in das Pro­
gramm aufgenommen: Seifenstein 
aus Congonhas, Itacolomi Quarzit 
aus Ouro Preto und die zwei deut­
schen Sandsteine: Obernkirchner-
und Sander Schilfsandstein. Die 
Gesteine wurden nach einer im 
IDEAS Projekt entwickelten speziel­
len Form geschnitten (Abb. 22) und 
in Deutschland und Brasilien expo­
niert. In Brasilien wurden die Orte 
Congonhas, Belo Horizonte und 
Caraca als Expositionsstellen 
ausgesucht (Abb. 15). In Deutsch­
land stehen Probentische in Zen­
trum von Aachen und in einem 
Reinluftgebiet südlich Aachen. 

Vor der Auslagerung wurden eine 
sorgfältige Photodokumentation und 
eine Bestimmung wichtiger Ge­
steinsparameter durchgeführt. 
Einige Gesteinskörper wurden mit 
ausgewählten Konservierungsma­
terialien und Bioziden behandelt. 
An anderen Proben wurden Ab-
laufwassersammler installiert, um 
den Einfluß von Luftverschmutzung 
und Regenmengen auf Verwitte­
rungsprozesse zu untersuchen. Das 



Monitorung of the exposition tests 
includes steady observation as well 
as a yearly documentation and 
repetition of measurements to estab­
lish the progress and the phenome­
nology of degradation and biologi­
cal contamination. 

Fig. 22: Shape of outdoor exposure 
samples developed in the project 
IDEAS I Forma dos corpos de 
prova para exposição ao relento 
desenvolvida no Projeto IDEAS / 
Im IDEAS-Projekt entwickelte Form 
der Expositionskõrper. 

Exposition programs are long-term 
programs. First reliable results may 
only be gained after some years. So 
within the short exposure time of 
IDEAS-Project only trends may be 
fixed. 

1.2.7 Conclusive remarks 

Reading the summary some general 
facts become obvious. On the one 
hand stone deterioration is highly 
dependent on the characteristics of 
the special stone material. On the 
other hand different climatic condi­
tions lead to varied decay mecha­
nisms. Furthermore the environ­
mental situation plays an important 
role. The influence of the last two 
aspects is investigated in the long-
term outdoor exposition program. 

Comparing the two main objects in 
Brazil the stone dependent differ­
ences become very clear. In 

No Projeto IDEAS foram pesquisa 
dos quatro diferentes tipos de 
pedra: pedra-sabão de Congonhas, 
quartzito de Ouro Preto e dois 
arenitos da Alemanha - Oberkirch-
ner e Sander Schilf. Os corpos de 
prova foram produzidos a partir 
desses materiais, sob uma forma 
especialmente desenvolvida pelos 
pesquisadores do projeto (Fig. 22). 
Congonhas, Belo Horizonte e 
Caraça, foram os locais seleciona­
dos para a exposição no Brasil. Na 
Alemanha, dois locais na cidade de 
Aachen foram selecionados: um no 
centro da cidade e outro ao sul. 

Antes de serem expostos, os corpos 
de prova foram submetidos a uma 
documentação fotográfica e fenome-
nológica detalhada, bem como à 
determinação de parâmetros signifi­
cativos para a avaliação das pedras, 
de forma a servir de base de dados 
para pesquisas futuras. Alguns 
corpos de prova foram tratados com 
produtos de conservação. Outros 
foram equipados com coletores de 
chuva, a fim de se verificar a 
influência da poluição atmosférica 
sobre a degradação de pedras. Essa 
documentação foi complementada 
por dados climáticos e de qualidade 
do ar obtidos pela Unidade Móvel 
de Monitoramento e por dados 
secundários. 

O monitoramento inclui observação 
contínua, documentação e medições 
sistemáticas, objetivando verificar o 
progresso da degradação e da 
contaminação biológica comparadas 
às condições inicialmente documen­
tadas. 

Deve-se salientar que programas de 
exposição de amostras ao relento são 
de longo curso. Portanto, resulta­
dos consistentes só poderão ser 
obtidos após alguns anos de exposi­
ção. Por essa razão, os resultados 
disponíveis até o momento, neste 
curto período de exposição no 
âmbito do Projeto IDEAS, devem 
ser considerados apenas como uma 
tendência. 

Expositionsprogramm wird durch 
Klima und Luftqualitätsmessungen 
der IDEAS - Mobilen Einheit und 
anderer Meßstellen vervollständigt. 

Die Überwachung des Freiland-
Bewitterungstests schließt stetige 
Beobachtung ebenso ein, wie jährli­
che Dokumentation und Wiederho­
lung der Messungen um den Fort­
schritt der Verwitterung und der 
biologischen Kontamination be­
stimmen zu können. 

Expositionsprogramme sind Lang­
zeitprogramme. Erste zuverlässige 
Resultate können frühestens nach 
einigen Jahren erarbeitet werden. 
So lassen sich auch nach der kurzen 
Expositionszeit innerhalb des 
IDEAS Projektes nur Trends fest­
stellen. 

1.2.7 Abschließende Betrachtun­
gen 

Folgt man der vorangegangenen 
Beschreibung, so werden einige 
generelle Tatsachen ganz offen­
sichtlich. Einerseits ist die Ge­
steinsverwitterung in hohem Maße 
gesteinsabhängig. Andererseits 
fuhren unterschiedliche klimatische 
Bedingungen zu verschiedenen 
Zerfallsmechanismen. Weiterhin 
spielt die Umgebungssituation eine 
bedeutende Rolle. Der Einfluß der 
beiden letztgenannten Faktoren 
wird in dem Langzeit-Expositions­
programm untersucht. 

Vergleicht man die beiden brasilia­
nischen Hauptobjekte, so werden 
die gesteinsabhängigen Unterschie­
de ganz klar. In Congonhas beginnt 
der Abbau an einzelnen wenig resi­
stenten Komponenten im Gestein. 
Die entstandenen Löcher vergrö­
ßern sich und wachsen zusammen. 
Nur in einem weit fortgeschrittenen 
Stadium wird die gesamte Oberflä­
che angegriffen. Im Gegensatz dazu 
breitet sich der Zerfall des Itacolo-
mi Quarzits durch Verlust des 
Kornzusammenhalts aus. So wer­
den große Teile der originalen 
Oberfläche zerstört. 
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Congonhas decay starts at single 
weak components within the stone. 
The forming cavities enlarge and 
grow together and the entire surface 
is affected finally in the stage of 
very advanced decay. In contrast 
Itacolomi Quartzite's degradation is 
spreaded due to granular disintegra­
tion and splitting of mineral layers. 
Therefore large areas of original 
surface tend to be destroyed. 

Concerning the climatic dependence 
of stone weathering it must be 
realized that tropical or subtropical 
regions have a very luxuriant 
vegetation. Thus it is not surprising 
that microorganisms find extremely 
favourable living conditions. The 
higher influence of biological 
weathering factors is equally to be 
seen at the monuments. In the 
Central European climate of 
Aachen, however, the building 
stones have to stand frequent free­
zing and thawing processes un­
known to the investigated Brazilian 
monuments. 

Not only the climate but also the 
environmental conditions are an 
important factor. So the examined 
sandstones in a city like Aachen 
suffer from salt weathering induced 
by formerly high S 0 2 emissions. 
As opposed to this, in Congonhas 
as a low polluted area no salt 
contamination exists on the soap-
stone prophets. 

It is clear that a universally valid 
weathering model for all conditions 
and all stone types does not exist. 
Therefore, an ever successful 
conservation agent or method 
cannot be found. A conservation 
and restoration plan must always be 
adjusted specially to the monument 
in question. Therefore, conserva­
tion plans in the project IDEAS 
equally vary in dependence of stone 
parameters or climatic and air 
pollution data. 

As the harmful effect of lichens to 
the prophets made of soapstone in 
Congonhas could be proved, it is 
necessary to prevent microbiologi-

1.2.7 Comentários finais 

Alguns fatos tornam-se evidentes 
pela leitora deste resumo. Por um 
lado, a deterioração das pedras 
depende em grande parte das carac­
terísticas do material, Por outro 
lado, diferentes condições climáticas 
dão origem a diferentes mecanismos 
de degradação. Além disso, as 
condições ambientais exercem 
influência importante. A influência 
destes últimos dois fatores está 
sendo investigada - a longo prazo -
no programa de exposição de amos­
tras ao relento. 

A dependência do tipo de degrada­
ção em relação aos diferentes tipos de 
pedra pode ser claramente observa­
da nos monumentos objetos de 
estudo no Brasil. Em Congonhas, 
nos profetas, a degradação começa 
nos pontos mais frágeis da pedra. 
As cavidades originadas crescem e 
unem-se entre si. Mas somente em 
estádio bastante avançado estará 
atacada toda a superfície. Pelo 
contrário, no quartzito de Itacolomi 
a degradação se verifica através da 
perda de coesão entre os grãos. Assim 
sendo, são destruídas grandes áreas 
da superfície original. 

Do ponto de vista da dependência 
climática na degradação do material 
pétreo, deve-se levar em considera­
ção que nas regiões tropicais e sub­
tropicais existe abundante vegetação. 
Por isso, não é surpreendente que 
também os micro-organismos en­
contrem aqui excelentes condições 
de vida. Assim se faz notar também 
nos monumentos a maior influência 
da degradação biológica. No clima 
centro-europeu de Aachen, as pe­
dras estão submetidas a freqüentes 
processos de gelo/degelo, desco­
nhecidos pelos monumentos brasi­
leiros. 

Na degradação da pedra, não 
somente o clima, mas também as 
condições ambientais são importan­
tes fatores no comportamento dos 
materiais. 

Os arenitos examinados em Aachen 

Betrachtet man die Klimaabhängig­
keit der Gesteinsverwitterung, muß 
bedacht werden, daß tropische oder 
subtropische Regionen eine sehr 
üppige Vegetation haben. Es ist 
deshalb nicht verwunderlich, daß 
Mikroorganismen hier ebenfalls 
hervorragende Lebensbedingungen 
finden. So läßt sich der größere 
Einfluß der biologischen Verwitte­
rung auch an den Denkmälern se­
hen. In dem mitteleuropäischen 
Klima Aachens dagegen, leiden die 
Bausteine unter häufigen Frost- und 
Tauprozessen, die brasilianischen 
Denkmälern unbekannt sind. 

Nicht nur das Klima sondern auch 
die Umweltbedingungen sind wichti­
ge Faktoren. So leiden die unter­
suchten Sandsteine in einer Stadt 
wie Aachen unter Salzschäden, 
hervorgerufen durch frühere hohe 
S02-Emissionen. Dem gegenüber 
gibt es in Congonhas als einem 
Reinluftgebiet an den Propheten­
skulpturen keine Salzbildungen. 

Hier wird deutlich, daß ein allge­
mein gültiges Verwitterungsmodell 
für alle Bedingungen und alle Ge­
steine nicht existiert. Dementspre­
chend gibt es auch keine in allen 
Fällen erfolgreiche Konservie­
rungsmittel oder -methoden. Ein 
Konservierungs- und Restaurie­
rungsplan muß immer speziell auf 
das bearbeitete Denkmal zuge­
schnitten werden. So berücksichti­
gen auch die Konservierungs­
konzepte des Projektes IDEAS die 
Unterschiede der Gesteine und der 
Klima- und Schadstoffbedingungen 
an den einzelnen Objekten. 

Da Jer schädigende Einfluß der 
Flechten auf die Propheten nach­
gewiesen werden konnte, muß eine 
Wiederbesiedlung vermieden wer­
den. Zusätzlich müssen Fehlstellen 
und Risse mit einer angepaßten 
Steinersatzmasse geschützt werden, 
um die Feuchtebelastung der Ober­
fläche zu verringern. 

Der andersgeartete Baustein Ouro 
Pretos, der Itacolomi Quarzit, 
verlangt eine Konsolidierungs-



cal contamination. Additionally, 
outbursts and cracks must be pro­
tected with an appropriate material 
to reduce the wetting of the surface. 

The different building stone from 
Ouro Preto, Itacolomi Quartzite, 
needs consolidation treatments to 
return the strength to its original 
level and to reduce loss of material. 

Furthermore, the situation of Sao 
Francisco de Assis demonstrates the 
necessity of considering the entire 
surrounding of a building. Drying 
of the masonry is a prerequesite for 
all subsequent conservation mea­
sures. 

In the different climate and air 
quality of Aachen, measures against 
microbiological contamination are 
only of minor importance. Consoli­
dation and desalination, however, 
play the essential role in a conser­
vation plan for the frost and salt 
stressed sandstones. 

After all it has to be mentioned that 
a conservation measure is only one 
part in the preservation of our 
cultural heritage. Careful observa­
tion of a monument and thorough 
maintenance must follow. Neglec-
tion causes severest damages to the 
original substance. Steady cheap 
repair of small defects will prevent 
radical and expensive interventions. 

Additionally, every conservation 
and restoration step bears risks. 
Insufficiently tested materials may 
cause serious damage to the ob­
jects. Only well considered conser­
vation plans and long-term tested 
conservation agents may beapplied 
to our precious cultural mon­
uments. 
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apresentam degradação provocada 
por sais originados pelo dióxido de 
enxofre antigamente emitido à 
atmosfera. Ao contrário, em 
Congonhas, local onde o nível de 
poluição atmosférica é baixo, não foi 
detectada a presença de sais solú­
veis na pedra-sabão dos profetas. 

Deve ficar claro que não existe um 
modelo geral de degradação válido 
para todas as condições e todos os 
tipos de pedra e, desta forma, 
nenhum agente ou método de 
conservação universal pode ser 
especificado. Programas de con­
servação e restauração devem sempre 
ser adequados a cada monumento 
em estudo. No Projeto IDEAS, as 
propostas de tratamento variam de 
acordo com os tipos de pedras e os 
dados sobre as condições climáticas 
e poluição do ar. 

Nos profetas, em Congonhas, os 
efeitos danosos dos microorganis­
mos sobre as pedras-sabão foram 
comprovados, evidenciando a 
necessidade de prevenir a contami­
nação biológica no local. Adicio­
nalmente, perdas e fissuras devem 
ser tratadas ou prevenidas fazendo 
uso de materiais adequados para 
reduzir, principalmente, a umidifi-
cação da superfície. 

Em Ouro Preto, o Quatzito Itaco-
lomi usado na construção dos 
monumentos necessita de tratamen-
Ltos de consolidação para evitar 
perdas de material e para que o seu 
nível de resistência original possa 
ser restabelecido. 

Além disso, a situação das pedras na 
. Igreja. de São Francisco. de - Assis. 
demonstra a necessidade de consi­
derar os arredores do monumento 
como um todo. A secagem da 
alvenaria é um pré-requisito para 
qualquer medida de restauração a ser 
tomada. 

Em Aachen, com condições climáti­
cas e de qualidade do ar tão diferen­
tes, medidas contra a contaminação 
biológica são menos importantes. 
Aqui a dessalinização e a consolida-

behandlung, um die ursprungliche 
Festigkeit wieder herzustellen und 
weiteren Materialverlust zu ver­
meiden. 

Daneben zeigt die Situation an der 
Kirche São Francisco de Assis ein­
deutig die Notwendigkeit, das 
gesamte Umfeld eines Gebäudes zu 
berücksichtigen. Eine Trockenle­
gung des Mauerwerks hier ist 
Voraussetzung für alle folgenden 
Konservierungsmaßnahmen. 

In dem andersartigen Klima und 
der verschiedenen Umweltsituation 
Aachens, haben Maßnahmen gegen 
mikrobiologischen Befall nur eine 
nebenrangige Bedeutung. Hier 
spielen Entsalzung und Festigung 
die Hauptrolle in einem Konservie­
rungsplan für die Frost- und Salz­
belasteten Sandsteine. 

Dennoch muß gesagt werden, daß 
eine Konservierungsmaßnahme nur 
ein Teil der Erhaltung unseres kul­
turellen Erbes sein kann. Aufmerk­
same Beobachtung eines Denkmais 
und sorgfaltige Pflege sind immer 
wichtig. Vernachlässigung bewirkt 
die stärksten Schäden an der Origi­
nalsubstanz. Ständige kleinere 
Reparaturen können manchen 
radikalen und teuren Eingriff ver­
hindern. 

Weiterhin birgt jede Konservierung 
oder Restaurierung auch Risiken. 
Unzureichend getestete Materialien 
können zu schweren Schäden an 
den Denkmälern fuhren. Nur gut 
überlegte Konservierungspläne und 
Langzeit-getestete Konservierungs­
mittel sollten auf unseren wertvol­
len Kulturdenkmälern zum Einsatz 
kommen. 

Danksagung: Die vorliegende Zu­
sammenfassung der Ergebnisse des 
Projektes IDEAS baut auf die Un­
tersuchungen der vier Arbeitsgrup­
pen auf, die in den internen IDEAS 
Circularen dargestellt sind. Eloisa 
Tironi hat uns bei der Übersetzung 
ins Portugiesische geholfen. 
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cão tem papel principal no plano de 
conservação para os arenitos atingi­
dos por sais e geadas. 

Enfim, torna-se necessário mencio­
nar que intervenções conservativas 
são somente uma parte relacionada 
à preservação de bens culturais. 
Observações e manutenção devem 
ser feitas com freqüência. Se as 
causas de degradação forem negli­
genciadas, danos irreversíveis 
podem ocorrer nos materiais origi­
nais. Reparos freqüentes e de 
baixo custo podem, em muitos 
casos, prevenir intervenções radi­
cais e de alto custo. 

Além disso, deve ser enfatizado que 
quaisquer medidas de restauração e 
conservação apresentam sérios riscos 
potenciais. Materiais que não 
tenham sido devidamente testados 
podem causar sérios danos aos 
objetos. Somente intervenções 
conservativas embasadas tecnica­
mente e materiais devidamente 
testados por longo período devem 
ser aplicados nos preciosos bens 
culturais. 
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2.1 Object Identification 

H. David Castello Branco1, A.F. dos Santos2 

instituto Estadual do Patrimônio Histórico e Artístico de Minas Gerais - Belo Horizonte (IEPHA) 
2lnstituto Brasileiro do Patrimônio Cultural - Belo Horizonte (IBPC/I? CR) 

2.1.1 Introduction 

Minas Gerais was born and grew 
up under the sign of the baroque. It 
was the Portuguese, mainly from 
the North - Minho, Douro and 
Tras-os-Montes - who, occupying 
the land of Minas Gerais, spread 
not only an "artistic style" but an 
peculiar life experience that art 
simply transmitted. 

The landmarks of the faith - at the 
begmning, the simple and rough 
shrines evolving throughout the 
18th century into sumptuous main 
square churches and the Third 
Order churches - dot the vast 
geography of Minas Gerais, distin­
guishing it both nationally and 
internationally as the one place, par 
excellence, where the baroque 
mentality found fertile soil to lay 
root and grow. The public festivals, 
the religious ceremonies, the 
musical and literary efervescence, 
the architectural and pictorial 
daring studied to the point of 
exhaustion by the specialists, 
embody in the Minas Gerais 18th 
century, the century in which it 
arose, the unmistakeable look of a 
society. They forged, in a sense, 
the "jeito mineiro", still recognized 
and praised. In this effusive cultural 
milieu, artists, craftsmen and wri­
ters such as Antonio Francisco 
Lisboa, Manuel da Costa Atamde, 
Francisco Xavier de Brito, Emérico 
Lobo de Mesquita, Cláudio Manoel 
da Costa, Tomás Antonio Gonzaga 
arise. Through the brilliance of 
their works, they made their names 
into synonyms of Minas. They 
were responsible for the raising of 
Minas' culture to a highlighted 

position in the Brazilian scene and 
were without-doubt the first agents 
to spread the art of Minas in the 
West. In any part of the world 
where someone engages in the 
study of the baroque-rococo, as a 
mentality art, Minas Gerais neces­
sarily will come under considerati­
on, since it has conquered, through 
the greatness of its accomplish­
ments, its deserved place in Histo­
ry. 

On Minas soil some of the most 
representative examples of religious 
and civil architecture of the Brazi­
lian colonial period were built. So 
significant that some of them, such 
as the Sanctuary of Senhor Bom 
Jesus do Matosinhos, Congonhas 
and the architectural and urban 
complex of Ouro Preto are conside­
red Cultural Heritage of Mankind, 
a title given by UNESCO. In this 
way, they were recognized as pan 
of the cultural heritage of mankind, 
landmarks of the Portuguese-Brazi­
lian saga in conquering a new 
world and in the inauguration of a 
unique modus vivendi. 

The soapstone and quartzite -
widely used by the 18th century-
artists and craftsmen,:*, has since-
worn down and wasted, making 
these monuments vulnerable to 
destruction. An effort has been 
made to carry out comparative 
studies of the materials used in 
Brazil and hi Germany - quartzite 
with sandstone and soapstone. In 
order to do this, the objects for 
study were chosen in Minas Gerais: 
Sanctuary of Senhor Bom Jesus do 
Matosinhos - Congonhas, where 
some of the most famous professio­

nals of the age worked, located in a 
region which is beginning to indu­
strialize and for this reason, still 
presenting incipient alterations; Sao 
Francisco de Assis Church and the 
Inconfidencia Museum in Ouro 
Preto, which has long suffered the 
drastic effects of pollution at an 
advanced stage of degradation; the 
Architectural Complex of Caraca -
Santa Bárbara, one of the only 
remaining examples of this archi­
tectural type in the State of Minas 
Gerais, and which, due to its loca­
tion in a region little affected by 
environmental degradation, served 
as a paradygm for the studies car­
ried out in Ouro Preto and Con­
gonhas. 

The Palace Charlemagne's mani­
festation of a "Second Rome" - a 
dream which he build and loved -
was the center of Charlemagne's 
Empire. 
In about 786 A.D. with the con­
struction of the Palace Chapel, 
Charlemagne laid the foundation 
one of the most imposing historical 
buildings in middle Europe. 

The Aachen Cathedral in its present 
form is the result of over 1000 year 
construction time. The following 
are characteristic features of the 
Aachen Cathedral. In former centu­
ries new or damaged constuction 
parts were replaced by contempora­
ry forms. 

Various construction periods have 
influenced the architecture. Varying 
construction materials were also 
used during the different construc­
tion periods. It is therefore not sur­
prising that an array of different 



natural stones were used for the 
building of the Cathedral. Great 
damages have been detected on the 
natural building stones in last few 
years. Restoration measures are 
urgently required. The prestigious 
architectural ensemble was ranked 
as the first German monument in 
the UNESCO world cultural herita­
ge list and placed under his auspi­
ces. 

2.1.2 Object Description 

Following to the definition of the 
subjects to be researched, the 
approaches for the acquisition of 
historical and aesthetical informati­
on as well as concerning conserva­
tions interventions were stablished. 

These Brazilian monuments have 
been since a long time subject of 
studies and researches developed by 
renowed experts from the national 
preservation agencies. Within this 
frame, the first step of the investi­
gations the historical data collecti­
on, was the Instituto Brasileiro do 
Patrimônio Cultural-IBPC/13a CR 
and the Instituto Estadual do Patri­
mônio Histórico e Artístico -
IEPHA/MG. The archives of the 
Identification and Documentation 
Department (IBPC/13aCR) and the 
Memory and Documentation Super-
intendancy (IEPHA/MG), plus the 
available bibliographic sources 
provided adequate data for the 
historical review. 

Concerning the previous interven­
tions made in the monuments, the 
data were provided by the archives 
of the Protection Department. 
<IBPC/13a. CR) and the Conserva­
tion and Restoration Directory 
(IEPHA/MG). This work was 
performed with the aid of historical 
reserch experts of both institutions. 

2 .13 Examples 

2.13.1 Sanctuary of Senhor Bom 
Jesus do Matosmhos-Congonhas/ 
Historical Background 

The Congonhas do Campo hamlet, 
on the banks of the Maranhco 
River, arose due to the mining 
activity when, at the beginning of 
the 18th century, gold was disco­
vered there. The abundance of the 
plant, known as Congonhas do 
Campo, found in the fields around 
the mines, gave the name to the 
place. With the mining of the gold, 
the early dwelling center expanded 
rapidly, and became an important 
center of mining. 

Congonhas has today some of the 
largest deposits of iron in the State 
of Minas Gerais, and is still an 
important mining center. Innume­
rable companies were set up in the 
municipality which gradually lost 
its old colonial look, but kept its 
original urban layout. 

Its legacy in religious art and archi­
tecture lies mainly in the Sanctuary 
of Senhor Bom Jesus do Matosin-
hos and includes an imposing 
churchyard, with its twelve pro­
phets and the six shrines of the 
Stations of the Cross, which recall 
the Passion of Christ. 

The construction of this Sanctuary, 
inspired on the Sanctuaries of 
Senhor Bom Jesus do Monte, in 
Braga and Senhor Bom Jesus do 
Matosinhos, near Porto - both in 
the North of Portugal - is due to 
Feliciano Mendes. He arrived at the 
mining region and, working in a. 
gold mine caught a serious disease 
and promised that if he was healed 
he would dedicate his life to the 
Christ Crucified. When he was 
granted the healing, Feliciano set 
about building a hermitage in 
honour of the Bom Jesus, in about 
1757/1758, with the proceedings of 
collections made by himself and his 
followers. 

In 1765, the church was already at 

an advanced stage of construction, 
ready for religious services. Three 
altars had already been installed: 
the main altar, made by Joco 
Antunes de Carvalho, and the side 
altars, consacrated to Santo Antonio 
and Sao Francisco de Paula, carved 
by Jertnimo Felix, Manoel Rodri­
gues Coelho and painted and gold-
plated respectively by Joco Carval-
hais and Bernardo Pires da Silva. 

From 1765 to 1776 the internal 
decoration of the temple continued. 
The main chapel, built by Francisco 
de Lima Cerqueira, saw its ceiling 
painted by the above mentioned 
Bernardo Pires da Silva. Joco 
Nepomuceno Correia e Castro did 
the ceiling of the nave and the 
panels. 

As soon as the decoration was 
finished, the construction of the 
churchyard began, the contract for 
which was won by the stone mason 
Tomás de Maia Brito in 1777. The 
work was concluded in 1790 with 
the yard plastered, white-washed 
and paved with stone tiles. 

The set of carvings of the Sanctuary 
yard, made up of 12 soapstone 
sculptures representing the Biblical 
prophets of the Old Testament, is 
perfectly integrated to the architec­
tural space made up of the church­
yard, with its terraced staircases 
and its imposing containment wall. 
The sculptures of Isaiah, Jeremiah, 
Ezekiel, Daniel, Jonah, Joel, 
Amos, Obadiah, Habakkuk, Hosea 
and Baruch were made a few years 
later, from 1800 to 1805, by Anto­
nio Francisco Lisboa and his assi­
stants. They are identified by their 
names which appear at the end of 
the text engraved on the phylacte­
ries they bear at their sides. Daniel 
and Jonah have their respective 
iconographs - lion and whale. They 
all wear exotic clothes - long tu­
nics, robes decorated with embroi­
dered sashes, caps in the form of 
turbans on their heads, which look 
like Eastern clothes. 

The sculptures of the Stations of the 
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Cross were begun in August 1796 
and were concluded in 1799, before 
the prophets were made. The 
complete set has sixty-six figures 
carved by Antonio Francisco 
Lisboa - o Aleijadinho - and his 
"group of officers", distributed in 
seven stations of the suffering of 
Christ: the Last Supper, the Gar­
den, Prison, the Flagelation, the 
Crown of Thorns, Carrying the 
Cross and the Crucifixion. 

The colored painting of these pieces 
was done by Manoel da Costa 
Ataíde. It is known that the shrines 
in which the images would be 
placed, were built one by one. 
After their construction, the pain­
ting of each group began. Therefo­
re, the Shrine of the Last Supper, 
concluded in 1808, had its images 
painted by Atamde in the same year 
and the shrines of the Garden and 
the Prison, built in 1818/1819, 
were painted by the same artist, at 
the same time. The others date 
from the second half of the 19th 
century, built between 1865 and 
1872. For financial reasons, the 
number of stations was reduced 
from 7 to 6, and consequently, the 
Flagelation and Crown of Thorns 
were housed in the same shrine. 

With the conclusion of the Congon­
has Sanctuary, it became an impor­
tant center of pilgrimage, where 
pilgrims from many parts of Brazil 
still come to give thanks to the Bom 
Jesus (Good Jesus). 

The restoration works at the Sanc­
tuary were not of relevance, and 
concerned mainly to general main­
tenance (painting, general cleaning, ~ 
small repairs on the roof, etc). 

The archivistic documentation 
describes the following interven­
tions: 

1949 Repairs at the nave and pain­
tings of the Basílica - DPHAN*. 

1957 Restoration of the sculptural 
assemblage at the way of the 
cross - IPHAN.l 

1972 Site scenery readequation, by 
Burle Max, modifying the gar­
dens designed in 1935 -
MEOTPHAN/ IEPHA-MG. 

1973/74 Works at the inner areas of 
the Basmlica and Cápela dos 
Milagres - IEPHA/MG. 

1973/76 Gypsum moulding repro­
duction of the prophets -
DEPHA/MG. 

1985/88 Desinfection and cleaning 
works of the sculptures of the 
prophets - IEPHA - MG / 
IBPC/Prefeitura Municipal de 
Congonhas. 

During the '50s, moulds were 
produced to make copies of all the 
prophets in the Sanctuary front 
yard. 
Besides some scientific and techno­
logical investigations about the 
conservation of the seul tures of the 
prophets and its surroundings made 
since 1957. 

The complex was listed for protec­
tion by the former SPHAN (Secre­
taria do Patrimonio Histórico e 
Artístico Nacional) in September, 
1939, according to Process number 
75-T, enrolment number 239, Book 
of Fine Arts, page 41. In Decem­
ber, 1985, UNESCO awarded it the 
title of Cultural Heritage of Man­
kind. 

The Sanctuary 

No anfiteatro das montanhas 
Os profetas do Aleijadinho 
Monumentalizam a paisagem 

Bíblia de pedra-sabco 
Banhada no ouro das Minas. 

(Oswald de Andrade) 

Resting at the top of a hill, the 
Sanctuary of Senhor Bom Jesus do 
Matosinhos has crowned the feeling 
of ascending of the pilgrimages and 
the penitencial aspect of the climb 
of the Congonhas pilgrims for over 
two centuries. 

Completely integrated in the scen­
ery, the temple receives the faithful 
that arrive there after crossing the 
meandering esplanade of the Stati­
ons of the Cross, with its shrines, 
and meets the vigorous layout of 
the courtyard, marked by the 
presence of the Prophets of Antonio 
Francisco Lisboa. 

The design of the layout of the 
Sanctuary dates from 1757 and the 
author is unknown. It is divided 
into nave, main chapel, side corri­
dors along the nave, vestry room 
and consistory at the back, across 
the main structure. 

The facade is an imposing whole, 
marked by stone masonry corners 
and entablature, soapstone door­
way, frontispiece carefully worked 
in curves and cross section towers 
finished with a curved cover. At the 
choir level there are two French 
windows with a wooden parapet. 
The complete set is a sample of the 
third phase of religious architectu­
re in Minas Gerais, working on the 
rococo. 

The decoration on the inside is also 
linked to the rococo, showing 
excellent carving and painting. 
There are the main altar, two altars 
in the cross-arch, pulpits, paintings 
with perspective on the ceiling of 
the nave and main chapel, as well 
as colored pannels placed on the 
walls. 

In order to chose the Prophets of 
Congonhas, Antonio Francisco not 
only respected biblical canonical 
order, but also placed them in the 

•churchyard in positions which 
closely follow this order. The 
sequence is as follows: Isaiah and 
Jeremiah, in the first positions at 
the entrance. Next, at the interme­
diate terrace, are Baruch on the left 
and Ezekiel, the third of the major 
prophets, on the right. At the 
higher level, in a position of honor, 
are Daniel, the fourth of the major 
prophets and Hosea, the first of the 
set of minor prophets, followed by 
Joel, the second on the right. The 
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group made up of the prophets 
Amos, Obadiah and Jonah (third, 
fourth and fifth of the minor pro­
phets) fill in the side angles on the 
left and Nahum and Habakkuk 
(seventh and eighth) are on the 
right. 

The line of an arrow in a conti­
nuous line over the design of the 
churchyard, following the order 
above, shows a zig-zag design for 
the central part of the staircase, 
with alternating lines to the right 
and oblique lines to the left. Two 
great diagonals cross at the center 
of the last landing, linking Joel to 
Amos and Jonah to Nahum. The 
end of the line is marked, on both 
sides, by the descending oblique 
lines that unite Amos to Obadiah 
and Nahum to Habakkuk (fig. 1). 

Prophet Isaiah 

Located at the entrance to the 
stairway to the left, Isaiah is the 
first of the series of Prophets of 
Congonhas. Considered the most 
important prophet of the Old 
Testament (author of the first of the 
prophetic books in the cannonical 
order of the Bible), and one of the 
most popular in the New Testa­
ment, he is quoted in about 85 
passages. Isaiah lived in Jerusalem 
in the second half of the 18th cen­
tury B.C. His prophetic message 
suggests the need to keep alive the 
faith of Israel in the final redempti­
on to be completed with the coming 
of the Messiah. Among the events 
prophesized by him are the Annun­
ciation to the Virgin and the Birth 
of Christ. 

Isaiah is pictured as an old man, 
with abundant hair and beard, short 
tunic which leaves the lower part of 
the legs uncovered, wearing boots. 
He has a large robe, covering bis 
head like a monastic hood, reaching 
the ground at the back. With his 
left hand he holds the philactery 
and with his right one he points to 
the text written on it: 

"After the Seraphs celebrated the 
Lord, one of them broa live coal to 
my lips with tongs. Isaiah, 
chapter 6*\ 

The statue is worked in two soap-
stone blocks, linked at the shoul­
ders, with very evident anatomical 
faults. This, according to historian 
Myriam Ribeiro, shows the interfe­
rence of Antonio Francisco Lis­
boa's assistants. However, Isaiah's 
head is considered by her to be one 
of the best works of the set, revea­
ling the true expression of an illu­
minate before the vision. 

Prophet Jeremiah 

Jeremiah also has a distinguished 
position at the entrance of the stair­
case, on the right of Isaiah. Author 
of the second of the prophetic 
books in the biblical canonical 
order, Jeremiah, whose preaching 
occurred between 627 - 585 B.C., 
is famous for his forecasts of the 
eminent ruin of Jerusalem, known 
by the name of "Lamentations'*, or 
popularly as the "Jeremiahdes". 

Jeremiah is shown as a mature 
man, with long moustache on the 
sides of his mouth and a short 
beard, with friezed rolls in the 
Byzantine fashion. He wears a 
short tunic, with his left leg unco­
vered, wearing a long boot and 
robe raised over his right shoulder 
down to his feet at the back. On his 
head he has a turban with twisted 
tips, passing through rings. In his 
left hand he holds a quill and in his 
right hand the phylactery with the 
inscription: 

7 cry the disaster of Judea and the 
ruin of Jerusalem: and pray (my 
people) to come back to the Lord. 
Jeremiah, chapter 35". 

The statue is made up of two blocks 
of soapstone, joined just below the 
knees. For historian Myriam Ribei­
ro, from the point of view of 
anatomical make-up, this figure is 
one of the most imperfect of all the 

prophets of Congonhas. In view of 
this, she attributes to the sculptor 
only the head, where all the real 
force of the image is concentrated. 

Prophet Baruch 

Baruch is not part of the "official" 
set of prophets of the Old Testa­
ment, and his inclusion in the 
Congonhas set is justified by his 
relatively outstanding position in 
the order of the biblical canon, 
soon after Jeremiah, of whom he 
was private secretary with the 
specific mission of writing out his 
prophecies. Baruch prophesied the 
ruin of Israel, but also the consola­
tion at the end of times, according 
to the quotation on the phylactery: 

7 foresee the coming of Christ in 
flesh and the last days of the world, 
and forewarn the pious. Baruch, 
chapter l". 

Placed on the pedestal which 
completes the central alignment 
wall of the churchyard on the left, 
Baruch's statue is made up of two 
blocks linked at the elbows. He is 
shown as a young man, unbearded, 
wearing a short tunic and robe and 
boots. On his head he wears a 
turban with decorated edges, hol­
ding the folds of his robe with one 
hand and the other on the phylac­
tery. This piece has short proporti­
ons and clear defects of the anato­
my, such as a part of the right arm, 
which is missing, probably in order 
to adjust it to the size of the phylac­
tery. Again, the intervention by 
•Antonio Francisco Lisboa is attribu­
ted only in the making of the head. 

Prophet Ezekiel 

Placed on the pedestal which finis­
hes the central alignment wall of 
the churchyard, on the opposite 
side from Baruch, the statue of 
Ezekiel is made up of two soapsto­
ne blocks, linked at the waist. 

Also known as the "Prophet of the 
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Exile", for having suffered the 
exile in Babylon just as the people 
of Israel in 597 B.C., Ezekiel, the 
third of the prophets, comes after 
Jeremiah and Baruch in the biblical 
canon. His prophecies bring a great 
number of apocalyptic visions, 
influenced by Babylonian mytholo­
gy. The statue of Ezekiel in 
Congonhas has on the phylactery 
one of these apocalyptic visions, a 
kind of summary of the first chap­
ter of his book. 

7 describe four animals in the 
midst of the flames and the terrible 
wheels and the ethereal throne, 
chapter l". 

The features of Ezekiel are similar 
to Jeremiah's: moustache, short 
rolled beard, long hair down to the 
neck. He wears a long runic, with a 
belt, with only his right foot sho­
wing. On his head there is a kind of 
cap with a visor held by a ribbon 
just above the back of the neck. 
The robe is decorated with a design 
of interwoven threads. The left 
hand holds the phylactery and the 
right bends with the arm, showing a 
great force of expression. 

For the historian, this sculpture was 
given special attention by the sculp­
tor, without the characteristic 
anatomic deformities which suggest 
the work of an assistant. 

Prophet Daniel 

The sculpture of Daniel stands out 
on the side of the passage to the 
entrance to the churchyard on the 
left, facing Hoseah. It is one of the 
largest pieces of the group, alt­
hough carved in from block. 

Like Ezekiel, Daniel suffered the 
imprisonment of Babylon, where, 
however, he reached high prestige 
with the governors, due to his gifts 
of interpreting dreams and deciphe­
ring mysterious writing. This pre­
stige made many enemies for him, 
who had him shut in a den of lions. 
This episode is reported in chapter 

6 of his book of prophecies and is 
summarized in the inscription on 
the phylactery: 

"Closed (by order of the King) in 
the lion's den, I am freed unhar­
med, with the help of God. Daniel, 
chapter 6". 

Daniel is young and unbearded, 
differing from Baruch and Obadiah, 
by the special lines of the eyes, 
mouth and long nose, and the long 
nostrils, revealing a superior and 
distant look suited to a hero aware 
of his strength. This aspect is 
hightened by the crown of laurels 
which decorate the mitre on his 
head, alluding to the victory over 
the lions. He has a long tunic, held 
to the waist by a belt and buttoned 
at the colar. He also has the lion as 
a tribute, lying at his feet. The 
quality of the carving of the piece 
suggests it was done entirely by 
Antonio Francisco Lisboa. 

Prophet Hosea 

Placed on a pedestal on the edge of 
the parapet at the entrance to the 
churchyard on the right, the sculp­
ture is made of two blocks, linked 
just below the shoulders. 

The tipology of the figure is the 
same as Ezekiel and Jeremiah. He 
wears a short jacket, buttoned at the 
front, tied at the waist by a belt. He 
wears boots on his feet and the 
head covered with a cap similar to 
Ezekiel's. In his right hand he has a 
quill, the point of which resting on 
the edge of his robe, suggesting the 
position of writing. The-anatomy is 
relatively correct, with the diffe­
rence only between the length of 
his arms. There is however a cer­
tain deficiency in the interrelation-
snip of the whole, producing the 
impression of "displacement. 

Considered the most important of 
the minor prophets, whose name is 
an abbreviation of "Yahweh Sa­
vior", Hosea lived in Israel in the 
8th century B.C. The theme of the 

inscription on the phylactery the 
prophet has in his hand is a symbo­
lic action, the marriage by order of 
the Lord, to an adulterous wife, 
taken as an image of Israel prostitu­
ted through its unfaithfulness to the 
only God: 

"Take the adulteress, the Lord said 
to me: this I do and she becomes 
my wife, conceiving and bearing. 
Hosea, chapter, 1". 

Prophet Joel 

Prophet Joel is on the right of 
Hosea, on the corner where the 
parapet entering the churchyard 
meets the side internal wall. It is 
made up of two blocks of soapsto-
ne, linked at the shoulder. 

The tipology of the statue repeats 
that of Jeremiah, Ezekiel and 
Hosea. The clothes are almost 
identical to those of Hosea, where 
the colar is substituted by a high 
colar. On the head the turban model 
with twisted tips is repeated, as on 
Jeremiah and Baruch. It is one of 
the most vigorous pieces of the set, 
with practically no anatomical 
imperfections. 

Joel, whose name means "Yahweh 
is God", is the second of the minor 
prophets in the biblical canon. He 
lived in the 8th century B.C., and 
is one of the oldest whose writings 
have survived. His book of prophe­
cies, of three chapters, deals mainly 
with the Final Judgement and is 
essentially apocalyptic. He descri­
bes a succession of terrible plagues 
which will devastate the land in the 
days which will preceed the Final 
Judgement. The inscription on the 
phylactery is the following: 

7 inform Judea the harm that will 
be brought to the land by the cat-
terpilar, the locust and the canker-
worm''. Joel, chapter 1. v. 4". 
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Prophet Amos 

Amos is on the tar left of the 
churchyard, on the upper part of 
the arch of circumference which 
unites the extreme forward and side 
walls. The sculpture was made 
from a single block of soapstone, 
with only a small addition on the 
upper part of the cap. 

Amos lived in the 8th century B.C., 
and is presumed to be the earliest 
of the prophets of Israel to leave a 
written text. According to his own 
report, he was first a shepherd in 
the region of Bethlehem, before 
being called by the Lord to the 
prophetic ministry. Because of this, 
the style of his prophecies is simple 
and energic, often using images 
from nature and from the life of a 
shepherd. The text of the phylac­
tery the prophet has in his left hand 
summarizes some important traits 
of his life and work: 

"Made first a pastor and then a 
prophet, I speak against the fat 
cows and the leaders of Israel. 
Amos, chapter I *. 

Prophet Amos differs completely 
from the others, both in his physi­
cal traits and his clothing. His wide 
unbearded face has the calm ex­
pression of a countryman. He 
wears a coat with a hem doubled 
and sewn made of sheepskin, an 
allusion to his pastoral state. On his 
head he has an interesting kind of 
cap, similar to that of Portuguese 
peasants of Alentejo, 

Prophet Obadiah 

Obadiah, the fourth of the minor 
prophets, is at the lower end of the 
arch of circumference, which joins 
the left forward and side walls of 
the churchyard. The sculpture is 
composed of two blocks of soap-
stone, linked at the elbows. 

The prophecy of Obadiah, made up 
of a single chapter, is directed at 
the Edomites who lived in the 

country of Edom, in the south of 
Palestine. It talks of the threat 
against the Edomites, of ruin and 
destruction for having committed 
acts of violence against the inhabi­
tants of Judea, who, like Israel, 
were part of the "chosen people" of 
Yahweh. The inscription on the 
phylactery the prophet holds in his 
right hand summarizes his message: 

7 inquire of you, Edomites and 
gentiles. I announce and foresee for 
you wheeping and destruction. 
Obadiah, chapter 1 

The sculpture of Obadiah in 
Congonhas shows an unbearded 
figure, such as Baruch, Daniel and 
Amos, but much slimmer, giving 
the impression of being much 
younger. His clothes are simple 
(tunic, gown and cap), but the 
draping is complex, in a careful 
play of light and shade. 

Prophet Jonah 

Fifth among the series of minor 
prophets, Jonah occupies a position 
symmetric to Joel, at the point 
where the walls that make up the 
parapet entering the churchyard 
meet, on the left and the internal 
side wall. Like Daniel, it is a 
monolythic sculpture and nicely 
finished, probably indicating speci­
al care by Antonio Francisco, 
without the signs of his assistant. 

As Myriam Ribeiro says, it is inter­
esting that the sculptor should have 
reserved this special position for 
Jonah (it would normally have been 

-filled by.Amos, following the order 
observed in the other placements), 
linking the choice to the popularity 
of the prophet. Therefore, in 
Congonhas, the most popular of the 
minor prophets is found next to 
Daniel, also one of the most popu­
lar of the major prophets. The 
adventurous life story of the pro­
phet, his refusal to Yahweh to go 
and preach in Nineveh and then the 
episode of punishment in the form 
of the stay in the belly of the 

whale, have always held a strong 
fascination over the immagination 
of artists of all times, like the story 
of Daniel among the lions. 
The researcher finds in this piece 
two essential aspects of the genius 
of the sculptor: the skill for drama­
tic expression and ornamental ta­
lent, -visible in the upper part, 
where the sinuous silhuette of the 
whale with the tail and fins treated 
like leaves of acanthus, seems to 
emerge from a rococo fountain, as 
was noted by Robert Smith. 
As with Daniel, Prophet Jonah of 
Congonhas is represented with his 
specific iconographic attribute, the 
sea animal. The phylactery the 
prophet holds in his right hand 
says: 

"Swallowed by a whale, remained 
three days and three nights in the 
belly of the fish; then I came to 
Mveveh. Jonah, chapter 2". 

Jonah has the same traits as Jere­
miah, Ezekiel, Hosea and Joel in 
Congonhas, although he shows 
other unique characteristics, such as 
the face turned up with the mouth 
open showing his teeth. Jonah is 
dressed with a kind of habit with a 
colar, buttoned to the waist, where 
it is tied with a sash. He has a cape 
thrown over his left shoulder and a 
turban in the shape of a mitre with 
twisted tips on his head. 

Prophet Nahum 

Nahum is on the upper point of the 
arch of the circumference which 
joins the outside front and side 
walls, in a position equivalent to 
that of Amos, on the extreme right 
of the churchyard. The statue is 
made of two blocks linked just 
below the shoulders. 

The seventh of the minor prophets, 
whose name means "Yahweh 
consoles", lived in the 7th century 
B.C. His book of prophecies, 
addressed to the Assyrians, has as 
its only theme Nineveh, whose 
siege and fall to the Chaldeans are 



described in poetic and detailed 
language. 

The physical traits of Antonio 
Francisco's character in Congonbas 
are described as an old man with a 
long beard, tormented face and 
hesitant poise. He wears a long 
cassock, buttoned to the waist, 
which is adjusted by a bow from 
the robe. The turban on the head 
appears to be derived from that of 
Habakkuk. The intervention of 
Aleijadinho's assistant is clear in 
the ornamental bars of the gown 
and the lack of the general layout of 
the set, etc. 

The text of the phylactery in the 
right hand of the prophet is a 
summary of the main idea of his 
book, as mentioned above. It says: 

7 proclaim the punishment that 
awaits sinfiill Nineveh J declare that 
Assyria will be completely de­
stroyed. Nahum, chapter I 

Prophet Habakkuk 

Habakkuk is the last of the series of 
Prophets of Congonhas. Eighth of 
the minor prophets, he is in a posi­
tion corresponding to Obadiah, at 
the lower end of the arch of cir­
cumference which joins the forward 
and right sidewalls. The statue is 
composed of two separate blocks, 
Imked at the waist, and appears to 
have received special care from 
Aleijadinho. 

A contemporary of Nahum and 
Jeremiah, Habakkuk lived in one of 
the most turbulent periods of. the 
history of Israel, with the fall of the 
Kingdom of Judah and its capital 
Jerusalem to the Chaldeans and the 
later deportation of its inhabitants 
to Babylon. Nahum foresaw the fall 
of Assyria at the hands of the 
Chaldeans. They invaded Jerusalem 
in 609 B.C., and it is this fall of the 
city which is the object of the 
Lamentations of Jeremiah. Habak­
kuk, for his part, speaks against the 
new oppressors, foreseeing their 

fall: "Oh, Babylon, Babylon, I 
rebuke you, rebuke you, oh tyrant 
of Chaldea: but to you, oh benign 
God, I sing in psalms. Habakkuk, 
chapter 1". 

The physical traits of Habakkuk in 
Congonhas repeat the standard used 
in Jeremiah, Ezekiel, Hosea, Joel 

and Jonah. The clothes are made up 
of a cassock, buttoned to the waist, 
with a collar with points adorned 
with tussles. This prophet has on 
his head the most complicated 
turban system of the whole series, 
with an upper plane divided into 
four sections of a rounded shape 
and a posterior covered with a 
hanging tussle. 
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Fig. 1: Sanctuary of Senhor Bom Jesus do Matosinhos (ground plan) 
Congonhas. 



2.13.2 São Francisco de Assis 
Church / Historical Background 

Documents inform that in 1751 the 
Third Order of Penitence was defi­
nitively installed in Vila Rica, 
today the city of Ouro Preto. On 
December 15, 1765, this Order 
decided to purchase "the houses 
which belonged to the deceased 
Sargeant-Major Joco de Cerqueira, 
located on the road to Senhor Bom 
Jesus de Perdues", in order to build 
their own chapel. Although the 
indispensable royal license to build 
the chapel was only issued in 1771, 
in May 1766 the demolition had 
begun as well as the earthwork and 
containment structures. On 
November 16th of that year, the 
Order decided to build the church, 
after public bidding. 

The bidding occurred a month 
later, according to a register of 
December 27th, where the winner 
was the builder Domingos Moreira 
de Oliveira, who must have been 
"notable master of his art" of buil­
der and stonemason and who also 
worked in Santa Efigênia do Alto 
da Cruz Church and on the Nossa 
Senhora das Mercês e Misericórdia 
Church (Mercês de Cima) and in 
Mariana, on the Church of Nossa 
Senhora do Carmo and on the 
Chapel of Nossa Senhora das 
Mercês. His reputation recommen­
ded him also as expert in issues of 
high complexity and responsibility, 
such as the receiving of payments 
on jobs of the importance of the 
Buildings of the Town Hall and 
Prison of Mariana and the Nossa 
Senhora do Carmo Church, in Ouro 
Preto. 

A long and detailed contract, with 
refined specifications of services 
established that "the winner of the 
bidding is obliged to finish and 
complete all the mentioned job in a 
period of five years". However, for 
many reasons, this deadline was not 
met; only on August 24th, 1794, 
Domingos Moreira de Oliveira 
completed the job, 28 years after 
the signing of the contract. In order 

to receive them, the procurators 
Antonio Francisco Lisboa (for the 
order) and Jose Pereira Arouca (for 
the contractor), two of the most 
highly regarded artists of their 
time, were called on to make the 
official delivery of the building. 

At this time, the architectural work 
was concluded and already adorned 
with some of its integrated works of 
art: the frontispiece sculptures, the 
pulpits, the main altar piece and the 
sculptures of the -dome of the main 
chapel, the precious basin of the 
vestry-room... However, the work 
of painting and gold plating of the 
church was only contracted to 
Manoel da Costa Atamde in August 
1801 and, in 1812 he gave a receipt 
of "the rest of all the painting and 
gold plating of the Chapel of our 
Venerable Order". Six side altars of 
the nave were still missing. They 
were only begun in June, 1882, in 
the then Imperial City of Ouro 
Preto, the Order received the last 
two altar pieces, about 105 years 
after Domingos Moreira was con­
tracted. 

The Chapel of the Third Order of 
Penitence of Ouro Preto, as notable 
as it is unique, has an outstanding 
position in the religious history of 
our country. As a work of architec­
ture it is daringly innovatory, 
because of the unexpected retreat of 
the towers from the plane of the 
main facade - already insinuated by 
the Nossa Senhora do Carmo 
Church - which radically changes 
the design of the "classical" fronti­
spieces of the eighteenth century 
churches. Due to its unique charac­
teristics mentioned below, Sao 
Francisco de Assis Church can be 
seen as the apotheosis of the great 
spectacle which was the develop­
ment of the baroque in Minas 
Gerais. Housing precious works of 
art, it holds the work of two of the 
greatest sculptors and painters of 
the colonial period: Antonio Fran­
cisco Lisboa - "Aleijadinho", and 
Manoel da Costa Atafde. 

The architectural project of the 

church is attributed to Antonio 
Francisco Lisboa. Furtado de 
Meneses reports his signature on 
original plans lost in the nineteen 
thirties; his biographer Bretas 
(1814-1866) does not doubt the 
authorship. His are, provenfy, the 
design of the facade, the ornamen­
ted border~and the pulpits of the 
cross-arch, the sculptures of the 
domme of the main chapel, all the 
carved work of the retable of the 
main altar, the basin of the vestry-
room, the design of the side altars, 
of the nave. The receipts for these 
pieces of work indicate that Anto­
nio Francisco worked in the church 
until the end of 1794. One or two 
years later he was in Congonhas, 
where he would reach the highest 
point of his career as artist with the 
gigantic work of the sculptures of 
the Stations of the Cross and the 
prophets of the churchyard of the 
Sanctuary of Senhor Bom Jesus do 
Matosinhos. 

To Ataíde belong: in the nave, the 
monumental painting of the ceiling 
and of the four large panels next to 
the arch of the choir and of the 
cross-arch; in the main chapel, the 
wainscotting immitating tiles, the* 
large wall pictures, the painting and 
gold plating of all the carvings; the 
flesh-colored and other painting of 
several pieces (The Lord Crucified, 
São Roque, São Ivo, São Francisco 
receiving the sores, São Luiz, the 
Cross of Penitence...). His works 
in São Francisco de Assis Church 
ended in 1812, when the brother­
hood received the above-mentioned 
"rest of all the painting and gold 
plating of the chapel of our Ven­
erable Order". But in 1808 he 
worked in Congonhas doing the 
flesh-colored painting of the images 
of the Stations of the Cross, which 
he concluded in 1819. 

The work carried out by Antonio 
Francisco and Ataíde in São Francis­
co de Assis of Ouro Preto was the 
highest point of the baroque in 
Minas, when it reached a high stage 
of refinement in the rococo langua­
ge. The second half of the eight-
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eenth century saw the baroque 
evolve to a scene dominated by the 
profusion of golden carvings to a 
simplification of design, like fine 
goldsrnithery, which produced, 
among other aesthetic results, the 
perfect integration between archi­
tecture and decoration. Thus, the 
masonry structures and the orna­
mental sculptures complete and 
complement each other on the 
facades, highlighted by the large 
whitewashed surfaces of the walls. 

On the inside, the roof of the nave 
received "its pretty, bold and large 
perspective painting", in the words 
of Ataíde himself, which creates the 
illusion of the opening of the 
temple to Heaven. And the car­
vings, of an elegant and refined 
simplicity - and creativity - delicate­
ly incorporate the gold to the multi­
ple colors and stand out among the 
white backgrounds which, with the 
whitewashed facades, make the 
ornaments and stone structures 
participate, in an integrated way, of 
the composition, making the most 
of the colors and reliefs. 

São Francisco de Assis Church of 
Ouro Preto is, therefore, a unique 
monument in which Antonio Fran­
cisco Lisboa - a genius in architec­
ture and carving - and Manoel da 
Costa Ataíde, a painter of extraor­
dinary and ingenious talent, both at 
the height of their creative capacity, 
trace ethe highest level of the histo­
ry of the baroque of Minas Gerais. 

The restoration works in the São 
Francisco de Assis Church were 
few and concerned mainly to 
maintenance activities such as pain­
ting, surficial cleaning, roof re­
pairs, etc. 

From 1984 on, under the Instituto 
Brasileiro do Patrimônio Cultural -
IBPC/13a.CR, the following works 
were performed: 

1984/86 Fixation of polichromy at 
the churches ceiling. 

1987 Complete restoration of the 

churches roof - fixing of the 
aluminium "guarda-ps" ("dust 
keeper") to protect the ceiling 
restoration, general cleaning and 
painting of the building. 

1988 Measuraments works of 
probable vertical shifts and 
subsidences, foundations. 

1991 Works for the consolidation 
of the croos-arch. ^ 

1992 Conclusion of the consolidati­
on works above mentioned. 

The Church of São Franciso de Assis 
of Ouro Preto was listed (registered 
for special public protection) on 
July 4,1938, by the then SPHAN -
file number 111-T, Enrolment 
number 106, Book of the Fine Arts, 
page 19. 
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The Building 

"Due to the balance of its propor-
Hons, the fortunate joining of its 
parts, the soft harmony of its 
curved lines, the facade of the 
Franciscan Chapel of Ouro Preto 
reaches a cohesive elegance, which 
is only matched in quality by 
some architectural compositions of 
Germany in the rococo period." 

(Germain Bazin) 

Set up in a flat area in front of the 
Coimbra public square, lying 
North-South, substituting the East-
West axis in the Christian temples, 
the Church of São Francisco de 
Assis gives the observer a horizon­
tal view from a certain distance, 
which allows all its main facade to 
be lit by the sun, highlighting the 
reliefs of the elements carved in 
soapstone and quartzfte on its 
facade. 

A masterpiece of Brazilian architec­
ture, the facade of São Francisco de 
Assis Church is unique due to the 
extraordinary architectural know­
ledge it represents. The two towers, 
rounded from the base, are fully set 
back from the facade outlined in the 
shape of crossbow to which they 
are linked by a concave surface. 
The sides of the facade have two 
ionic columns which support two 
elements of the architrave in coun-
tercurves placed obliquely to the 
base of the gable. The cornice 
causes a circular displacement 
outlining the window which is 
closed and occupied by a bass 
relieve in soapstone showing the 
image of a patron saint. The front 
of the towers do not have a win­
dow, but a pillar, to give the 
impression of being obliquely 
placed. The position of the space of 
the bell gable, as well as the repre­
sentation of the corner, the frieze of 
the bulb and the pyramid spire 
confirm the intention of the sugge­
stion. The four French windows of 
the choir have a very traditional 
profile. False doors are placed on 
the concave part of the corners, 
between the towers and the main 

structure of the church. The main 
paneled door has a curved lintel and 
a doorway carved in soapstone 
representing the Virgin at the cen­
ter, surrounded by angels and other 
decorative elements (fig. 2). 

2 . 1 3 3 Inconfidencia Museum/ 
Historical Background 

The former City Town Hall a 
Prison of Vila Rica is one of our 
most famous examples, of colonial 
civil architecture. It was built 
begirining June 1, 1785, by perso­
nal effort of the Governor and 
Captain-General Lucas da Cunha 
Meneses, agent of the queen of 
Portugal in the region of Minas 
Gerais. The project, monumental 
and of refined detail, caught the 
attention of all the population, due 
to its contrast with the social setting 
of the time, where the decline of 
the extraction of gold bad begun, 
and all were uneasy, which eventu­
ally led to the Inconfidencia Minei-
ra. The construction of the building 
was the fulfillment of the wish of 
Cunha de Meneses to link his name 
to a great accomplishment, giving 
the city this masterpiece of Brazi­
lian colonial architecture. 

The construction of a building in 
stone and lime for the Town Hall 
and Prison of Vila Rica, substitu­
ting the old building of lath-and-
plaster, had been under discussion 
for decades, with a project already 
approved by the Sargent-Major 
Engineer Josi Fernandes Pinto 
Alpoim. Governor Cunha Meneses, 
leading a campaign to raise funds 
and with an.interest in administe­
ring the work directly, offered the 
Town Hall a project of his own 
authorship, substituting that presen­
ted by Alpoim. Governor for three 
years, he left the construction so far 
advanced that his successors, al­
though working at a slower pace, 
could not avoid completing it. This 
happened in 1855, seventy years 
after it was begun. Part of the 
prison began to function in the new 
building at an early stage. The 

Town Hall was installed in 1836. 

The project underwent some altera­
tions. In spite of keeping its essen­
tial integrity, the facade was alte­
red in that the stone railings were 
substituted by iron railings; the 
curved structure of the tower by 
straight lines; and the single-flight 
staircase by two flights with a 
landing. 

Built on the hill of Santa Quitina, 
where the old hamlets of Ouro 
Preto and Antonio Dias met, the 
building marked the beginning of 
the reconstruction of the square, 
which occurred due to the need to 
guarantee to the monument, when 
finished, the space suitable to its 
greatness. Its facade faced the 
Palace of the Governors, making up 
the civic center of greatest decision­
making power in the colony at the 
time. 

In 1863, in face of the need to 
widen the space for the prison, the 
Town Hall moved to another buil­
ding on Tiradentes Square. In 
1907, during the government of 
Joco Pinheiro, the building was 
adapted with some alterations. 

When the old Vila Rica prison left 
in 1938, the building underwent a 
large restoration and adaptation by 
the then Servigo do Patrimonio 
Histórico e Artístico Nacional -
SPHAN (the National Artistic and 
Historical Heritage Service) for the 
establishment of the Inconfidencia 
Museum, created by Law number 
965, on December 20th, 1938. 

•The restoration, under the respon­
sibility of architect Renato Soeiro 
and the local engineer Francisco 
Amonio Lopes, sought to recover 
the early characteristics of the 
building, restoring the whole roof, 
ceilings, floors, electric and hy­
draulic installations, among others. 

Transformed into a museum, the 
building entered its third phase of 
useful life, in which it now had 
greater significance as the memorial 
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of a highly significant political 
movement. It housed a great collec­
tion of documents of an important 
part of Brazilian History. 

The restoration works in the 
- museum building were not signifi­

cant and consisted mainly of mai­

ntenance actions (painting, general 
cleaning, small repairs, etc.). 

According to historian Orlandino 
Freitas Fernandes, the building has 
some daring traits which go against 
the rigor of the neoclassical compo­
sition, with three columns instead 

of four for the two doorways. He 
notes also the foreign influence in 
the quartzite springers of the outsi­
de stairway, which bring to mind 
elements of the Petit Trianon de 
Versailles. 

The Building 

"Em cima de espagósa escadaria 
Se forma do edifmcio a nobre 
entrada 

~&or dois soberbos arcos dividida; 
Por fora destes arcos se levantam 
Três jónicas colunas, que se firmam 
Sobre quadradas bases e se ador­
nam 
De lindos capiteis, aonde assenta 
Uma formosa, regular varanda; 
Seus balaustres são de alvas pedras 
Que brandos ferros cortam sem 
trabalho. 
Debaixo da cornija, ou projetara. 
Estão as armas deste Reino abertas 
No liso centro de vistosa tarja. 
Do meio desta frente, para os 
lados, Vistosas galerias de janelas 
A quem enfeitam as douradas 
grades. " 
(In the famous Chilean Letters by 
Tomás Antonio Gonzaga) 

With a straight layout and a rectan­
gular facade, the building has a bell 
tower with a square cross section. 
The elements of the façades, plat­
band, entablature, corners, and 
basement, as well as the central 
section of the building, from the 
landing to the gable, and the deco­
rative elements of the tower, are 
worked in quartzite. 
In its lower part, the tower has a 
clock framed with pieces carved in 

.quartzite - volutes, brackets, ledges 
and pinnacles. At this level still, the 
platband, made up of a parapet of 
carved stone, surrounds the whole 
building. On the four corners of the 
platband there are soapstone sculp­
tures representing the cardinal 
virtues - Prudence, Justice, Tempe­
rance and Strength. These pieces 
are attributed to the Portuguese 
Antonio José da Silva Guimarães, 
who is believed to have carved 
them on the Manso farm near Itaco-
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lorai Peak. 

At the center, under the tower, the 
triangular frontispiece has the coat 
of arms of the Empire, substituting 
the early coat of arms of the 
Kingdom. Below, three pillars 
frame the two French windows 
which open into a veranda with iron 
balustrade. In a symmetrical way, 
another three French windows with 
a small veranda appear on the sides 
of these central windows. 

The veranda is supported by three 
ionic columns which rise from the 
landing of the staircase. With 
straight shafts, these columns frame 
the two entry doorways of the buil­
ding. The set of side windows is 
repeated on the first floor, this time 
with iron railings. Access to the 
entry doors is up a stone staircase 
with carved balustrades. With two 
flights, the staircase has at the 
center, under the landing, a foun­
tain with a pair of gargoyles and a 
square basin (fig. 3). 

2.1.3.4 Architectural Complex of 
Caraça / Historical Background 

The historical origins of the archi­
tectural Complex of Caraça are 
linked to the special circumstances 
that affected Christian practice in 
Minas Gerais in the 18th century. 
Devotional action was hampered on 
the excessive compromise of the 
official clergy with political and 
economic power and, even further, 
with the prohibition of the traditio­
nal religious orders, substituted 
basically by the brotherhoods and 
third orders, made up of devoted 
laymen. Another form of expressi­
on and practice of the faith was 
found in the individual action of a 
few hermits, also laymen, but 
devoted to the religious cause. 
They were the founders of impor­
tant religious communities in Minas 
Gerais and always organized 
themselves outside the official 
church hierarchy. The Sanctuary of 
Nossa Senhora Mãe dos Homens in 
the Caraça mountain range lies 

amid the main examples of this 
movement: the Retreat of Nossa 
Senhora da Conceição of Macaubas 
(1714), the House of Prayer of the 
Valley of Tears in Chapada do 
Norte (1757) and the Hermitage of 
Nossa Senhora da Piedade (around 
1770). 

The founder of Caraça, Brother 
Lourenço de Nossa Senhora - as he 
called himself, his real name 
completely unknown, was a Portu­
guese of obscure origins. Several 
legends arose as to where he came 
from, the most widely accepted of 
which linked him to the traditional 
Portuguese family of the Távoras. 
He was supposed to have been 
persecuted by the "pombaiino" 
government for a "crime of high 
treason". In Minas Gerais it is 
proven he lived in the ancient 
hamlet of Tijuco, today Diamanti­
na, where he joined the Third 
Order of São Francisco in 1763. 
From there he left in 1770 having 
already decided to build his hermi-
tic construction, since a short while 
later he was already established on 
the Caraça mountain range where 
he founded the Brotherhood of 
Nossa Senhora Mãe dos Homens. In 
1774 he received funds for the 
building of a chapel, and the con­
struction of the temple and lodgings 
began. The lodgings were a buil­
ding to house the laymen and pil­
grims. In 1774 a mass was celebra­
ted in the chapel - made of wood -
the first official act of the life of 
Caraça. The construction work was 
carried out with a community spi­
rit: raising the funds - from Brother 
Lourenço himself or raised in alms 

and the building itself;' carried -out 
in group community efforts, brin­
ging together the hermits, pilgrims 
and slaves. 

In 1779 the chapel received the 
blessing, marking the end of the 
construction. In the following 
years, several works of internal 
ornamentation would be carried out 
and their collection enriched 
through the purchase of rich sil­
verware and religious sculptures. 

Brother Lourenço followed the 
Minas colonial tradition, according 
to which the adorning and enrich­
ment of the churches expressed the 
devotion of those responsible for 
them. The chapel, made of stone, 
and in the rococo style, was painted 
and goldplated in 1783. In the early 
years of the nineteenth century, the 
seven altars of the Stations of the 
Cross were built, and the painting 
and gold plating carried out by the 
master Manoel da Costa Ataíde. 

The annex, also made of stone, had 
two aisles next to the chapel, to the 
front of this, with two floors and 
six windows on each side on the 
ground floor and a staircase to the 
yard. The architectural complex 
built by Brother Lourenço was 
completed by the Refectory, built at 
the back of a square yard made up 
of side workshops. The inside of 
these buildings was simple and 
austere, as appropriate to monastic 
dwellings. 

Parallel to this large scale material 
enterprise, Brother Lourenço 
engaged in setting up a stable reli­
gious community for the human 
support of his pioneer work. In the 
last quarter of the 18th century, the 
devotional life in Caraça was inten­
se, with the growth of the number 
of pilgrims and devoted brethren, 
with the joining of many hermits 
and an increase in the collection of 
alms, 

However, the greater objective of 
the founder was still the establish­
ment of European missionaries in 
Caraça, for the carrying out of a 
permanent spiritual and educational 
work. In 1801 Brother Lourenço, 
allert to the first signs of the gro­
wing emptying of his institution, 
made a request for missionaries and 
offered all the goods of the Sanc­
tuary as a donation. 

In the following years, the Sanctua­
ry was visited by important authori­
ties of the Colony (the Governor in 
1802 and the Bishop of Mariana in 
1805), who inspected the possibili-
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ties of the site and declared they 
were favorable to the establishment 
of missionaries. The reforms and 
improvements carried out in the 
complex are from this period. 
Examples of these are the building 
of the seven altars of the Stations of 
the Cross and the ornamental works 
of Ataíde. 

The official response from Lisbon 
was not however obtained, in spite 
of other requests. Until 1819, the 
year of his death, the physical and 
spiritual life and work of Brother 
Lourenço dropped into open deca­
dence. The rich heritage, although 
dilapidated by its admirer and 
tutor, was donated to the Regent 
Prince Dom João, for the establish­
ment of a school. 

In 1820 the Portuguese Lazarist 
priests arrived at Caraça, from the 
Mission Congregation, to carry out 
the educational work planned by 
Brother Lourenço. The fathers 
Leandro Rebello and Antonio 
Ferreira Viçoso founded the school 
the following year, inaugurating the 
"Portuguese phase" of the admini­
stration of Caraça (1820/1842). In 
1824 Emperor Pedro I awarded the 
imperial title to the school, which 
would become an important center 
for education and culture in the 
Province, growing rapidly in the 
number of students and improve­
ments to its facilities. The extension 
of the left wing is from the last 
years of the 1820's, adding a fur­
ther 5 windows to the existing six. 
At this time the House of the 
Sampaias was also built. 

In 1828 the College acquired two. 
of its most important pieces, the 
Last Supper, painted by Manoel da 
Costa Ataíde, and the portrait of 
Brother Lourenço, donated by the 
same artist. 

In 1842, due to unfavorable politi­
cal circumstances, the school was 
transferred to Campo Belo, in the 
Triângulo Mineiro region, and the 
Caraça buildings were completed 
abandoned until 1854. This year the 

Greater Seminary of Mariana was 
transferred to the site and in 1856 
the school returned to Caraça, 
under the adniinistration of French 
priests. It was the beginning of the 
period of greatest growth and pre­
stige of the institution, which 
became a solid cultural establish­
ment where the education, follo­
wing the Jesuit methods, "was 
eminently humanistic and non­
technical". 

At this time of expansion of the 
educational institution, together 
with the activities of the Serninary, 
there was the spatial growth of the 
architectural complex. In the 
second half of the nineteenth cen­
tury, therefore, most of the buil­
dings which exist today in Caraça, 
were erected. The most important 
was carried out under the admini­
stration of the French Priest Julio 
José de Clavelin. As architect and 
engineer, Father Clavelin designed 
a global project for the building, 
with a view to a more harmonious 
expansion. He began his work 
extending the right wing to the 
same size as the earlier extension 
(1868) and built, between 1871 and 
1875, built half the annex (which 
later burned down). The same 
Father Clavelin built the new 
church, dedicated to Nossa Senhora 
Mãe dos Homens, doubtless the most 
important building of the complex 
from the 19th century. The chapel 
is important due to the innovation 
in its aesthetic characteristics: it is 
considered the first example of 
neogothic religious architecture in 
Brazil. Its construction, however, 
completely compromised the colo­
nial collection -of Caraça, with the 
demolition of the gracious chapel 
built by Brother Lourenço. The 
small temple could not take the 
great number of students and reli­
gious men living in the Caraça. 
This lack of space doomed both the 
solid stone construction as well as 
the many interior ornamental 
works. 

The new church, a product of the 
spirit of modernity at that time, was 

built in a relatively short period 
(1876/1883), with resources from 
the congregation or donations. 

In the 19th century, other signifi­
cant and important works were 
carried out, such as the second half 
of the annex and the organ, built by 
Father Luiz Gonzaga Boavida in 
the workshops of Caraça and 
inaugurated with the new temple in 
1883. 

In the early years of the 20th cen­
tury, the first signs of decadence in 
the Caraça College appeared, 
especially with regard to lay tea­
ching. With a sharp drop in enrol­
ment, the members of the Mission 
Congregation dedicated themselves 
almost exclusively to the training of 
priests of the Apostolic School. The 
great works, common in the pre­
vious century, ceased, and the 
ambitious project of Father Clave­
lin was definetively abandoned. 
The works were restricted to con­
servation and small reforms, with a 
greater emphasis on technical 
improvements, such as electric 
light, telephone and roads. 

In 1968 a violent fire destroyed the 
large annex, built a hundred years 
earlier by Fathers Clavelin and 
Boavida. It was the best and most 
solid construction of the whole 
complex, with important functions 
such as dormitory, Chemistry and 
Physics laboratories and library. 
This accident brought a great loss 
to the institution as a whole and 
closed the Caraça College once and 
for all. Among the losses was half 
the library, which at the time had 

-30.000 books, made up mostly of 
17th and 18th century books. 
From this time on, the activities of 
the Lazarists in Caraça, besides 
training priests for the Congregati­
on, are restricted to the upkeep of 
the institution for religious and 
cultural meetings and for tourism, 
which is growing rapidly. 

The Architectural Complex of 
Caraça was subject to interventions 
along the time which consisted of 
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small improvements and adaptati­
ons, such as painting, repairs of the 
roofs, etc. 

From the end of the seventies, 
efforts were made to restore the 
complex, with the involvement of 
the State authorities, the Congrega­
tion and Federal and State preserva­
tion departents - EBPC and IEPHA. 

In 1984 the work of restoration of 
the right wing, the so-called 
"lodgings block", began and was 
concluded in 1989. 

In August 1990, the work of resto­
ration of the ruins of the burned 
down building began. It received 
new functions, being adapted as a 
museum, library and convention 
center. 

Because of its great historic, archi­
tectural and scenic value, Caraça 
was listed for protection by the 
former SPHAN back in 1955, 
according to process nr. 407-T, 
enrolment 309 in the Historical 
Book and Enrolment 15-A in the 
Archeological, Ethnographic and 
Scenic Book. In the new constituti­
on of Minas in 1989, a new legal 
tool was established to defend the 
Sanctuary, in order, this time, to 
preserve the natural riches: the 
Caraça mountain range was listed 
for protection and declared a natu­
ral monument of the State of Minas 
Gérais. 

The Butlduags 

The Architectural Complex of 
Caraça is set on a flat with.a slight, 
drop at the back, above the app­
roach area, like a flat plaza, all 
along the front facade. This area, 
of rectangular shape, is partly 
enclosed by stone walls and has a 
part with gardens and a part with 
bare earth. Some doors and win­
dows of the front pavillions open 
into this area, with a few steps up. 
The quartzite staircase rises from 
here, and gains body with soapsto-
ne balustrades. 

The building in stone masonry, 
curved clay tiles, outside gables of 
stone tablature and internal corbel­
ling, is made up of pavillions. 
There are two on either side of the 
church, and two at the back, paral­
lel and corresponding to each other. 
All are rectangular with two floors, 
except the one on the right at the 
back, as one comes into the buil­
ding, which has three. 

The latter was in ruins, due to the 
fire in 1968. Recent restoration was 
concluded in 1990, with the intro­
duction of new materials next to the 
ruined consolidated walls, making 
possible the recapitulation of the 
different periods of construction of 
the building. Among these pavilli­
ons are others, built more recently. 

Mainly due to the size of the side 
wings, the horizontal lines predo­
minate, broken, in part, by the 
church at the center. The neogothic 
church with its strong vertical lines, 
is designed in the shape of a cross, 
with a frontispiece set back from 
the line of the main facade. The 
only tower with pinnacles and 
quartzite corners is divided into 
three horizontal sections - the first, 
the highest, with a bell and ope­
nings on all four sides. The second 
closed with slatted woodwork. The 
lowest section with the clock. The 
gable is broken by a horizontal line, 
where a veranda was put in, finis­
hed with a platband with quartzite 
pinnacles which lie in the same 
direction as the corners. At the 
center, below the gable, a circular 
window with rosette has, on either 
side, ogive windows with glass 
panes.. -The quartzite doorway is 
made up of three pairs of smooth 
shafts, with friezed bases, palmi-
fonn capitals covered with sheets 
and ring. The top has concentric 
ogival arches. A straight quartzite 
lintel finishes the door panel, with a 
stained glass window. The cornice 
is interrupted by a sharp triangle 
with a white marble medallion with 
the sculpture of two arms folded 
over a Latin cross and two smaller 
ones with the dates 1775-1883. 

On the main facade on the two side 
pavillions, the spans do not com­
pensate the filled sections, the 
windows are too far from each 
other. On each block, eleven upper 
windows correspond to eleven 
lower spans, all of them framed in 
quartzite masonry. 

2.1.3.5 Aachen Cathedral -
Aachen 

Charlemagne, Roman Emperor and 
King of the Franconians erected his 
imperial residence with its royal 
palace and its Imperial Chapel in 
Aachen about 1200 years ago . The 
octagon is the center of the entire 
complex. It is surrounded by an 
sixteen-angled structure. This 
House of God followed the proto-
typs of Byzantine palace churches. 
For three centuries the octagon was 
the highest building with a stone 
vault facing the Alps. The crown 
height of the carolingian octogonal 
cupola is 31,5 metres and the cross 
section of the central complex 29,5 
metres. The thrust of the cupola 
needs buttresses which are arranged 
at eight sides of the upper storey 
forming antique-styled pilasters. 
The pressure of the vault in the 
buttresses preceded the building 
concepts of the late Middle Ages. 
Centrally-arranged arched windows 
were the sole ornamentation of the 
exterior construction. The entire 
palantine had an exactly north-south 
and east-west orientation. The 
Carolingian Chapel faced east in 
accordance with the regulations. 
The main entrance faces west. 
After his death Charlemagne was 
buried in our Ladies Church. 
Therefore one can not describe this 
church as a mausoleum. Since the 
coronation of Otto I in the year 936 
and subsequent coronations the 
chapel has gained special signifi­
cance. The imperial throne is loca­
ted in the upper storey of the 
octagon. Up to the year 1531 32 
German kings were enthroned here. 

Pilgrimages were a sign of devaut-
ness in the medivial ages. Charle-
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magne had already collected valu­
able relics from Constantinople and 
Jerusalem. However it was only the 
13 t h century that the Imperial Cha­
pel, the church of our Lady recei­
ved an additional importance as a 
place of the pilgrimage. The relics 
were presented to huge crowds of 
pilgrims from the West tower. 

hall. The famous "Glass House" 
was embellished with the 27 metres 
high stained glass windows. These 
windows erected between the entire 
'bundle of pillars' are like translu­
cent walls. The hall of the choir 
consists of a rectangular long choir 
with two vault haunches and a 
polygonal choir end. The apse 

chapel of south west side which 
was completed in 1767 is characte­
ristic of the late baroque. The 
predecessor of the gothic Hungari­
an chapel was built specially for the 
Hungarian pilgrims. The relics 
chapel in the upper section of the 
west building was renewed at 19 t h 

century in the gothic style (fig 4). 

VII 

Western building, portal 
Oclnçon 
Gothic Chancel 
Hungarian Chapel 
Anna Chapel 
Mntthins Chapel 
Charles Chapel 

VU1 Nicholas Chapel 

Fig. 4: Aachen Cathedral (groundplan) - Aachen 

Since 1349 on a seven-year-cycle 
the worshippers pay homage to the 
four sacred relics. In the middle of 
the 14 t h century it became national 
tradition for Hungarians to go on 
pilgrimage to Aachen. Therefore 
the Hungarian king endowed the ca­
thedral with a chapel on the octa­
gon. 

The Carolingian architecture with­
stands these huge masses of pilgri­
mages. Therefore an enlargement 
was absolutely necessary. It was 

• decided to replace three small Caro­
lingian gallery by a gothic choir 

polygon extends over the longitudi­
nal side of the choir. 32,30 metres 
is the height from the floor up to 
the bosses of the .vaulting and the 
width of the choir is 13,20 metres. 
A truly audacious design. 

The chapels were built within a 
period of 800 years and are repre­
sentative of the construction style 
of time. The biggest chapels are in 
gothic style. These are situated at 
the southern side of the octagon the 
Matthias and Anna chapel and the 
Charles and Nicholas chapel of the 
northern side. The Hungarian 

Natural Stones of Aachen Cathed­
ral1 

1 see Circular no. 29, date 
11.02.92 I Aachen Cathedral. 
Documentation, measurements and 
laboratory analysis - methodology 
and results. By Fitzner, B. ; 
Heinrichs, K. ; Volker, M. ; 
Campos Perez, R., January 1992. 

As mentioned a great variety of 
different natural stones can be 
found at the Cathedral. 
"This variety can be due to archi­
tectural, workability, construction 
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or artistic considerations. The 
proximity and output of the quar­
ries being used also played an 
important role in this regard. Stone 
replacement during rebuilding or 
restoration during the course of 
time was also governed by the same 
factors "(FITZNER 1990). 

Main natural stones used at the 
cathedral are different types of 
sandstones or limestone. Further­
more trachyte can be found. Here 
the important natural stones are 
shortly described according to 
origin, stone - type, colour, geolo­
gical age and examples of building 
parts, where they were used. 

Greywacke: green - grey, fine -
grained feldspathic sandstone of 
devonian age; from the surrounding 
of Aachen (Eifel); used for Caro-
lingian octagon. 

Herzogenrath Sandstone-, very 
porous sandstone of white to light 
grey colour; Tertiary - age; from 
the nearer surrounding of Aachen; 
used for pillars of chancel and for 
the chapels. 

"Aachen Blaustein: dense limesto­
ne of dark blue to black colour; 
mainly consisting of biociasts; 
Devonian resp. Carboniferous age; 
from the surrounding of Aachen; 
used e.g. in lower parts of the 
chancel and in all chapels. 

Savoniere limestone: white to grey 
resp. yellow to brown limestone; 
Jurassic age; from different out­
crops in France or the valley of the 
Maas river; used e.g. in the lower 
part of the octagon and in-the 
Charles chapel. 

Travertine: white to light grey or 
light yellow limestone with charac­
teristically cm - sized pores; Qua­
ternary age; e.g. in the upper part 
of the octagon. 

Trachyte: white to grey volcanic 
stone; Tertiary age; from the 
"Drachenfels" (mountain near 
Bonn); used e.g. in the pillars of 

the lower parts of the octagon. 

Weibern Tuff: white to light grey, 
fine grained pyroclastic stone; 
Quaternary age; from the Rhenish 
area; used in the gable of the 
octagon. 

Besides the stones mentioned fur­
ther varieties of sandstone were 
used but its origin is unknown (e.g. 
at the pinnacles). For more recent 
restoration measures mainly 
Obernkirchner sandstone or Posta 
sandstone (from the area of the 
river Elbe) has been used. 

Restoration History 

In this report it is only referred to 
restoration measures concerning the 
investigation parts resp. the supe­
rior part. 

Gothic Chancel 

The fire of 1656 has caused great 
damages, especially at the tracery 
and mullion. In 1779 the tracery 
was replaced by iron bars. At the 
beginning of the 2. half of the 19. 
century again tracery was put in. 
Between 1847 and 1872 restoration 
works were executed at the buttress 
(KREUSCH 1955). 

After 1950 extensive restoration 
measures were required at the 
buttress, as the Herzogenrath sand­
stone was extremely damaged. 
KREUSCH (1957) writes: "The 
opened pillar looks more like a 
sand pit than like a quarry". 1981 
the -gothic .ringanchof- system -
destroyed in the 18th. century by 
breaking out of the tracery - which 
surrounds the choir hall was 
completely restored, in order to 
counteract the problems of stability 
of the choir (WINANDS 1989). 

The roof gallery of the choir hall 
has been renewed completely in 
limestone in the 2. half of the 19th 
century (JUNGBLUTH 1872). 
After 1928 extensive restoration 

measures were executed owing to 
great weathering damages 
(BUCHKREMER 1936). 

The pinnacles of the choir hall were 
completely renewed in the 2. half 
of the 19th century (JUNGBLUTH 
1872). An inscription on a indicates 
to further restoration works, which 
were probably executed about 
1932. 

Parts of some pinnacles were repla­
ced by other sandstones. Individual 
surfaces were restored by using 
stone repair material. 

Charles Chapel 

The two-floor chapel was restored 
in 1868 to 1871. The walls, pinnac­
les, tracery and the roof gallery 
were be worked at (WINANDS 
1989). Between 1958 and 1966 all 
pinnacles on the buttress and the 
roof gallery were completely 
renewed (Kreusch 1965). Since 
1987/1988 extensive restoration 
measures are executed at the walls. 

Octogon 

There is no information on former 
restoration at the Carolingian walls 
of the octagon. But they are suppo­
sed to be the subject of future resto­
ration measures within the frame­
work of the achieved total restora­
tion of the Aachen Cathedral. 
Prestudies have already been star­
ted. 

Until now damages at natural 
stones in the external facades of the 
Aachen Cathedral mostly were 
eliminated by replacement of sto­
nes. Chemical treatment has been 
excluded so far as the risk was 
considered too high. 
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2.2 Site Description 
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2,2.1 Introduction 

As a support to the preservation of 
historical monuments it is necessary 
to describe the concerning meteoro­
logical parameters as well as physi­
cal aspects, more specifically the 
wind, thermal, humidity and rain­
fall regimes, besides altitude, loca­
tion and relief. 

In Brazil the data used for the 
description of physical aspects 
came from secondary sources. 
Concerning the weather parameters 
the data were collected by the 
National Meteorological Institute-
INMET and by CETEC, through 
the Mobile Unit-MOBIDEAS. The 
stations and the characteristics of 
the series of data are listed in 
table 1. 

2.2.1 Description of Physical 
Aspects 

Congonhas, Ouro Preto and Caraça 
.are in the southeastern state of. 
Minas Gerais, in the south of a high 
region with altitudes between 600 
and 2000 meters, known as the 
Espinhaço mountain range. This 
mountain chain divides two river 
basins - that of the São Francisco 
and that of the Doce. 

World famous in geological circles, 
this part of the Espinhaço mountain 
range was called the Quadrilátero 
Ferrífero (the region of high con­
centration of iron ore in Belo 
Horizonte-BH and nearby towns) 
due to its important iron ore depo­
sits. It also has manganese, gold 
and bauxite, which have been 

\ Station Lat Long A l t ( m ) Institution Period Frequency 

Ouro Preto 20°23' 43°30' 1147 INMET 1914/1985 monthly 

Oliveira 20°41» 44049. 969 INMET 1949/1985 monthly 

Ouro Preto CETEC 12/1993 

05/1994 

< 1 hour 

Caraça CETEC 02 to 03/1993 

10 to 11/1993 

<1 hour 

Congonhas CETEC 03/1993 < 1 hour 

Table 1: Characteristics of the Stations and Series of Meteorological Data 

The Station of Oliveira is being 
used to define the weather condi­
tions of Congonhas, since it is the 
closest to this sight with a signif­
icant historical series. The Station 
of Ouro Preto is also being used for 
Caraça. Because of the proximity, 
the data can be transposed to the 
areas being studied with the excep­
tion of the direction and speed of 
the wind that can be influenced by 
the local topography. 

mined intensely since the 18th 
century (fig. 1). 

The mining has contributed to the 
establishment of the greater part of 
the cultural heritage of Minas Gé­
rais, with the development of his­
toric cities of Colonial Brazil, such 
as Ouro Preto, Mariana, Sahara, 
Congonhas and indirectly for the 
establishment of teaching institu­
tions, such as the Caraça School. 

The Quadrilátero Ferrífero, with an 
area of 7.000 square km, has Pre-
Cambrian metamorphic rocks great­
ly affected by tectonic movements, 
over a bedrock of granite and 
gneiss. The scenery corresponds to 
me complexity of the substrate, 
where irregular stretches with 
strong differences between tops and 
bottoms of the valeys alternate with 
flat high surfaces preserved from 
erosion by the lateritic shells. 

The flat areas resulting from an­
cient flatened surfaces attributed to 
the Cretacic and Terciary Ages, 
are evidence of the rise which 
affected this region. Tilting and 
broken Terciary deposits also 
suggest that the rise was followed 
by drops in this region. 

The rivers have waterfalls and 
rapids and the early existence of 
drainage is proved by important 
gulleys, such as those of the Velhas 
and Paraopeba rivers. 
The contacts and interpénétrations 
of the semideciduous seasonal 
forest, of the savanna and the rocky 
fields describe the pbytofisionomy 
of the region, according to IBGE 
(Federal Statistics Department) 
(1993). 

In the semideciduous seasonal 
forest, 20 to 50% of the trees lose 
their leaves and the main neotropi­
cal species are Tabebuia sp.t 

Swietenia sp., Paratecoma sp. 
and Cariniana sp.t mixed with the 
paleotropical species Terminalia sp. 
and Erythrina sp. and with die 
Australasian species Cedrela sp. 
and Sterculia sp. Nowadays this is 
secondary vegetation because it was 
intensely exploited for firewood 
and charcoal. As it occupied areas 
of deep and fertile soils, it was 
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FIG, 1 - Location of studied sites 



removed for subsistance farming, 
mainly maize and beans and pas­
ture. 

The savanna has two layers - a 
woody tree layer, with small and 
medium trees, of which the main 
species are Qualea sp., Vochysia 
sp., Caryoca sp., Salvertia sp,, 
Callisthene sp. and Kielmeyera sp., 
Bauhinia sp., and Styrax sp. The 
other layer is gramineous and 
woody, with the predorninance of 
Myrtaceae, Leguminosae and 
Guamineae. It was also intensely 
degraded by human activities and 
currently by extensive animal 
farming. 

The rocky fields are a vestigial and 
endemic formation, restricted to the 
highest stretches of the Quadrilátero 
Ferrífero, with shallow soils alter­
nating with outcrops. It has a contí­
nuos herbatious layer of species 
from the Graminae, Eriocaulaceae, 
Xyridaceae and Cyperaceae fami­
lies. This vegetation undergoes 
annual burn-offs in the period 
before the rains (August - Novem­
ber) and is used for pasture. 

Congonhas 

The city of Congonhas is in the 
southwest of the Quadrilátero Ferrí­
fero in the upper São Francisco 
Basin, at lower altitudes than the 
rest of the region - between 850 
and 1000 meters. 

In spite of this, the topography is 
uneaven, with hills and ridges often 
with drops of over 20% and lying 
mostly NW-SE, reflecting the 
substrate of green schist and granu-
lous diorites (tig. 2c). 

The town lies on the nearby slopes 
and on the banks of the Maranhão 
river, which lies at this point on the 
same NW - SE axis. 
The plain of the river is narrow, 
with width varying between 50 and 
200 m and is broken in places 

• where the Maranhão river cuts 
ultramafic rocks. The river origin­

ally had three levels of terraces, 
evident because of the few remain­
ing intact, covered with rough 
gravel, removed during the gold 
mining. The aluvium, which ori­
ginally contained gold, is made up 
mainly of quartz and iron gravel 
involved in black sands and, to a 
lesser extent, clays. 

The surface of the hills was deeply 
altered in various places by the 
mining of the gold on the coiluvial 
and with contact of granulous dior­
ites with the green schists, mainly 
to the north and east of Congonhas. 
In these places, tens of meters of 
granulous diorites deeply weathered 
and kaolinized, were worked on 
and removed, increasing the natural 
erosive processes and the appear­
ance of gulleys, erosion, the 
washing away of the edge of 
channels and the silting up of 
waterways. 

When the rnining activities ceased, 
the slopes were recolonized by the 
vegetation of the savanna and the 
semideciduous seasonal forests and 
the erosive processes stabilized. 
However, the uncontrolled urban 
growth of recent decades has reac­
tivated the erosion. 

Caraça 

The Architectural Complex of 
Caraça is in the east of the Quadri­
látero Ferrífero in the middle of the 
Caraça mountain chain on the edge 
of the river of the same name, 
which belongs to the basin of the 
Doce River, at an altitude of 1280 
meters. i . . . 

The valley of the Caraça river lies 
NW-SE and its upper course runs 
through a low area of 5 square km 
near the Complex of Caraça. This 
low area, with small hills, corre­
sponds to a sinclinal structure in 
quartzites, cut by diabase and dior-
ite dikes. The course of the Caraça 
river roughly follows the syndical 
axis (fig. 2a). 

On the floor of this low area the 
sections with basic rocks are 
whethered and colonized by species 
of the semideciduous seasonal 
forest. These sections contrast 
sharply with those of quartzitic 
rocks with sandy and shallow soil, 
covered with the rocky field vegeta­
tion. 

The highest peaks of the Caraca 
mountain range lie 600 meters 
above the Caraca river plain and 
surround it in a horseshoe, with the 
opening to the northwest. 

The lower parts of the mountain 
chain are still covered by the 
semideciduous seasonal forest 
mesophyl vegetation, which only 
reaches the tops through a network 
of deep cracks on the surface and 
which correspond to faults filled by 
diabase dikes. 

The scenery on the quartzite peaks 
shows large reaches of bare rock 
with sparse vegetation of rocky 
fields. 

Ouro Preto 

In the southeast of the Quadrilátero 
Ferrífero, the city of Ouro Preto is 
in one of the meridinal slopes of the 
Ouro Preto Mountain range, one of 
the branches of the cut anticline 
called the Mariana anticline. 

The rough topography of the site 
resulted in an irregular urban set­
tlement, which ranges from 1060 to 
1300 meters, lying NW-SE on the 
Funil river, which belongs to the 
Doce River basin (fig. 2b). 

All the drainage is deeply entren­
ched in the phyllite quartzite and 
schist which make up the bedrock. 
There is no alluvial plain and there 
are silted beds due to the gold 
extraction work in the 18th century. 
The marks of the extraction of gold 
are also visible on the slopes, 
which were dug up and later 
abandoned, without containment or 
landscaping works. 
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The tops of the mountains and 
mountain ranges rest on deposits of 
hard clay, made up of fragments of 
itabirite, hematite, old clayey iron 
ore, cemented by limonite (iron 
hydroxide). 

The opening of roads and earth 
removal for the building of houses 
on the steep slopes which coincide 
with the drop of the phyllitic layers 
has provoked frequent earth 
movements, with land slides and 
the fall of rocks. This has often 
threatened the historic buildings 
and provoked accidents. 

2.2.3 Climatic Characteristics in 
the Region of Congonhas, Ouro 
Preto and ArcMtectural Complex 
of Caraca 

The areas under study are in a sub­
tropical latitude with hot and rainy 
weather with summer showers and 
winter droughts. During all the 
year it is under the control of the 
sub-tropical anticiclone of the South 
Atlantic, and is consequently 
submitted to large scale descending 
vertical movements. The predomi­
nant winds of the low atmosphere 
are northwest-to-east. The region is 
under several mechanisms respons­
ible for rainfall, i.e., lines of in­
stability which run accross the State 
from the NW-SE, such as the high 
of Bolivia, hollows and cyclonic 
vortices at high levels, the hollows 
of the high troposphere and the cold 
fronts from the south of the conti­
nent. In winter these systems are 
responsible for the low tempera­
tures in the region. The climate of 
Ouro Preto appears to suffer signif­
icant influences from the topogra­
phy. It is colder, damper and rain-
nier than Oliveira. 

The temperature regime has slight 
variations throughout the year, with 
a mean monthly temperature 
between I7°C and 20°C in Ouro 
Preto and 19°C and 27°C in Oli­
veira. One of the causes may be the 
higher altitude of Ouro Preto, when 
compared to Oliveira. In winter 

absolute minimums can get to 1°C 
in Ouro Preto and 11°C in Oliveira. 
In the summer absolute maximum 
temperatures observed were 34°C 
and 38°C respectively (fig. 3 & 4). 

the figures are much lower in the 
dry period of winter. Ouro Preto 
has much higher values than Oli­
veira, possibly because of the 
higher altitude (fig. 5 & 6). 
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Fig. 3: Monthly averages, 
Ouro Preto 
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Fig. 4: Monthly averages, minimum and maximum of temperature in 
Oliveira 

The variation of the relative humid­
ity of the air during the year, with 
values from 70% to 85%, which 
correspond to the rainfall, that is, 

The annual variation of the number 
of hours of sunshine reflects the 
configuration of the rainfall, with 
higher figures in the dry period and 

67 ' 



Months 

Fig. 5: Solar radiation and rel. humidity in Ouro Preto 
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Fig 6: Solar radiation and rel. humidity in Oliveira 

therefore less cloud. This parameter 
also confirms the existence of 
greater cloud cover in Ouro Preto, 
with figures of 130 hours in the 
rainy months, as against the 200 
hours in Oliveira in the dry season. 

These figures increase respectively 
to 180 and 250 hours (fig. 5 & 6). 

The rainfall regime has a unimodal 
cycle, with rainy summer and dry 
winter. June; July and August are 
the driest months and December, 
January and February, the wettest. 
The rainy season, with a rainfall 
which can exceed 300 mm per 
month, begins in October, reaches 
its height in December and January, 

and ends in April. The most rainy 
months have about 20 rainy days. 
Ouro Preto sees more rainfall than 
Oliveira (fig.7 & 8). 

The data collected by MOBIDEAS, 
in spite of refering to a very short 
period of sampling, have the ad­
vantage of showing the daily varia­
tion of the parameters. 

The most remarkable characteristic 
of daily variation in a sub-tropical 
region is its ability to be greater 
than variations during the year as a 
whole. In all three stations it is to 
be noticed that there is a great 
contrast in the figures for tempera­
ture, relative humidity and wind 
speed between day and night. 
The relative humidity, following 
the variation of temperature, is 
lower from 12 a.m. to 3 p.m. and 
higher between 3 and 6 a.m. The 
air temperature is highest between 
12 a.m. and 3 p.m. and lowest 
between 3 and 6 a.m. The wind-
speed responding to a greater turbu­
lence in the afternoon due to hea­
ting during the day, has the highest 
figures between 12 a.m. and 3 p.m. 

2.2.4 Thermal Inversion 

Climate surveys carried out by 
Niemeyer (I960) show that ex­
treme episodes of air pollution are 
related to the occurrence of station­
ary cold anticiclones, associated to 
hot ridges, mainly those which 
persist for longer than three days. 
These anticiclones provide the 
creation of meteorological condi­
tions unfavorable to the dispersal of 
pollutants. When the.region under 
the stationary anticyclone has 
sources of continuous emission of 
pollutants, they remain confined to 
a low layer due to the strong subsi­
dence and the consequent thermal 
inversion. Besides this, the weak 
winds and calm, typical of these 
systems, inhibit dispersion and 
favor the high concentrations of 
pollutants in the atmosphere. 

Studies by Abreu (1984) indicate 
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Fig. 8: Monthly rainfall and rainy days in Oliveira 

that the great number of episodes of 
high concentration of pollutants 
occur mainly in winter* under the 
action of the subtropical anticiclone 
of the Atlantic, associated to a high 
hot ridge, with weak winds at the 
surface (up to 3 m/s), a clear sky 
and low humidity in the air. 

2.2.5 Wind Regime 

The flow of air is determined by 
the general circulation of the 
atmosphere, by the action of the 
meteorological systems and by the 
effects of topography and turbu­
lence. 

Winds associated to the general 
circulation of the atmosphere are 
more clearly visible during the 
morning, due to the lack of turbu­
lence of the afternoons and the 
effect of valleys present at night. 

Suprimposed on the general circu­
lation and the meteorological 
systems are the orographic and 
turbulence effects. These effects are 
better identified by exainining the 
direction of the wind in the after­
noon and night, since they are 
strongly influenced by the heating 
during the day and the cooling at 
night. 

In the afternoon, the turbulence due 
to the heating during the day 
provokes greater homogeneity of 
the frequency of the directions and 
of the speeds in all the months, 
mainly in the case of an urban 
station. 

The air flow system in Congonhas 
corresponds more closely to the 
basic flow because it is in a less 
irregular topographical area than 
the other sites. The graph of fre­
quencies of the daily directions of 
the wind indicate that the most 
frequent directions are from the 
east, expressing the predorninance 
of the basic flow. In the afternoon, 
a greater turbulence due to the day 
heating homogenizes the frequency 
of the directions and the intensity of 
the speed. In the evening the wind 
begins a southeast predominance, 
which remains during the night 
period, but with less intensity. This 
must be due to the topography. In 
the morning, when the basic flow is 

.least influenced by local effects, the 
northeast flow predominates. 

In Caraca, the influence of the day 
heating is very visible in the flow 
of the wind and no particular direc­
tion is more important than any 
other. Nor is there a more intense 
windspeed. In the evening, there is 
a reduction of the frequency from 
the east. At night there is a reduc­
tion of the speed and the west wind 
is stronger. In the morning there is 
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an increase in all frequencies and 
the intensity of the speed. There is 
not a prevalence of the basic flow, 
probably due to the orographic fact 
which prevails. 

The system in Ouro Preto seems to 
be more complex. As far as could 
be seen, this is the site where the 
wind was less influenced by the 
afternoon heating. Even in this 
period of great turbulence, there is 
a tendency of flow from the North­
east, which is reinforced in the 
evening and at night with a reduc­
tion in windspeed. 

In summary, it was possible to infer 
some characteristics of the flow in 
these regions, although this analysis 
should be considered with caution, 
since the series is very small and 
only expresses speafic situations 
and may have been strongly influ­
enced by intense alterations that the 
region went through, making the 
data biased. 
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3.1 Field Investigation into Lithology and State of Weathering 
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3.1.1 Introduction 

Sufficient and reliable information 
on the stone material used and its 
state of weathering is essential for 
the development and application of 
appropriate protection measures at 
natural stone monuments. The 
field-survey of building stones and 
its weathering damages means an 
important step of investigation 
aimed at providing such informa­
tion. In the framework of the 
IDEAS-project it was the task of 
Working Group 1 "Characterization 
of stone materials" to execute such 
field works at the selected mon­
uments in Brazil and Germany. The 
survey at site included phenomeno-
logical procedures as well as 
measurements. The phenomenolo-
gical survey comprised the identifi­
cation, description and documenta­
tion of the stone materials used 
(lithological survey) as well as the 
characterization, registration and 
documentation of weathering 
damages (mapping of weathering 
forms). Ultrasonic measurements 
were executed in order to provide 
supplementary important .informa­
tion on stone material and its state 
of damage. An appropriate photo-
documentation has been part of the 
field-survey as a matter of course. 

3.1.2 Methodology 

3.1.2.1 Lithological Survey 

The lithological survey serves to 
identify and characterize the stone 

material used at a monument. At 
many monuments different stone 
types or stone varieties were used 
as building materials. This diversity 
is the result of considerations refer­
ring to architecture, workability, 
construction or art. The proximity 
and output of the quarries used also 
may have been important in this 
regard. Stone replacement for the 
purposes of rebuilding or restora­
tion may have been governed by 
the same considerations. The need 
for exact characterization and 
documentation of lithotypes be­
comes greater as the number of 
lithotypes increases. 

Knowledge of the quarries which 
the natural stones were taken from 
are ideally required. This, how­
ever, cannot always be met, as the 
identification of the quarries some­
times proves to be difficult. Fur­
thermore, information on the 
geological background is desired, 
which can be obtained from scienti­
fic literature. 

The first step of the lithological 
survey .at a monument. comprises 
the identification of different stone 
types, in particular lithotypes, 
based on a precise petrographical 
description and additional photodo-
cumentation. Intensive petrographi­
cal knowledge is required for the 
reliable classification of lithotypes. 
For this classification established 
petrographical terms are to be used. 
Existing geographically-derived 
terms and common trade names of 
the stones used should be taken into 

account. Besides the classification 
of the lithotypes, the petrographi­
cal description should include 
information on stone colour and on 
stone structure. 

In case that different lithotypes can 
be distinguished at a monument, 
the monument or the part of it to be 
investigated is mapped building 
stone by building stone. By means 
of this lithological mapping the 
distribution of the lithotypes as well 
as the amount of each lithotype is 
recorded. Accessibility and visibil­
ity of the building stones are impor­
tant conditions for such a lithologi­
cal mapping. Larger-sized photo­
graphs or plans are used as 
documents for the lithological 
mapping. The information obtained 
at site is illustrated in the final 
plans by means of colours or gra­
phic symbols. 

3.1.2.2 Mapping of Weathering 
Forms 

The damage state of natural stone 
buildings can be registered by 
various methods and with different 
exactness. In general a distinction 
is made between phenomenological 
procedures and measuring methods. 
An experienced phenomenological 
procedure is the mapping of weath­
ering forms. This method makes it 
possible to describe and document 
complete stone surfaces precisely 
referring to their weathering 
damages. The phenomenological 
description and recording is done 
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by means of weathering forms. The 
weathering forms which occur are 
the result of the weathering proces­
ses affecting the stone. These 
weathering processes again are 
initiated and controlled by the 
interaction of various weathering 
factors. In order to guarantee an 
objective and reproducible map­
ping, a classification scheme has to 
be applied, defining weathering 
forms clearly and completely. Such 
a classification scheme of weather­
ing forms has been developed [3, 
5]. The hierarchical scheme com­
prises three groups of weathering 
forms in the upper level: loss of 
stone material/fissures, discolora­
tion/deposits on the stone surface or 
in the pore space close to the sur­
face, detachment of stone material. 
In the second level there is a subdi­
vision into 19 main weathering 
forms. In a third level - even fur­
ther differentiated - almost 40 
individual weathering forms are 
classified. With the additional 
application of intensity grades, the 
classification system reaches its 
highest differentiability. The 
complete classification scheme of 
weathering forms is presented in 
table 1 (1.1 - 1.4). 

The exactness of the mapping 
depends first on the chosen level of 
the classification system. Addition­
ally there is the possibility to 
choose between general or detailed 
mapping mode. By means of the 
general mapping only the predomi­
nant weathering forms are recor­
ded. The general mapping mode is 
applied, for example, in case that a 
stone building or the part of it 
being under investigation is not 
accessible and can only be mapped 
by using a high-power binocular. 
General mappings may also be 
executed if requested for a special 
purpose. This may concern, for 
instance, large-dimensioned monu­
ments in case that its state of 
weathering should be characterized 
only as a general view. 

When applying the detailed map­
ping mode, all occurring individual 

weathering forms, its combinations 
and intensities are registered. An 
appropriate photodocumentation of 
the characteristical weathering 
forms is made routinely. Condition 
for a detailed mapping is the ac­
cessibility of the investigation area. 
The individual weathering forms 
and its intensities are recorded in 
documents by means of abbrevia­
tions. Ideal documents for the 
recording are larger-scale photo-
grammetric' plans or larger-sized, 
rectified photos. The illustration of 
the mapping results in final plans is 
made by the transformation of all 
information recorded at site into 
colours and graphic symbols. By 
means of the mapping plans the 
damages occuring at the stone 
monuments can be evaluated preci­
sely according to type, intensity and 
distribution. 

For a further step of evaluation the 
registered weathering forms can be 
correlated to damage categories. 
The application of damage categor­
ies is part of the resuming valuation 
of the weathering state. On the 
basis of the classification of weath­
ering forms a classification of 
damage categories has been deve­
loped, in which all main and indi­
vidual weathering forms are corre­
lated to damage categories [3]. The 
correlation is shown in table 2. 
Five damage categories have been 
defined: 

I - very slight damage 
n - slight damage 
III - moderate damage 
IV - severe damage 
V - very severe damage. 

With respect to protection measures 
this means an increasing necessity 
and urgency from damage category 
I to V. For the correlation of the 
weathering forms to the damage 
categories it* was considered, on 
principle, whether the weathering 
forms occur at masonry parts or at 
architectural decoration parts. As 
the decoration parts generally 
present the more valuable building 
parts compared to masonry, weath­

ering forms occuring at such de­
coration parts are correlated to 
comparatively higher damage 
categories. The range of damage 
categories for each individual 
weathering form results from 
considering different intensities of 
this weathering form. The range of 
damage categories for each main 
weathering form is the result of all 
damage categories of its corre­
sponding individual weathering 
forms. Contrary to weathering 
forms, damage categories are set up 
subjectively. Thus a direct record­
ing of damage categories at the 
bunding does not seem reasonable. 
The correlation presented should be 
considered as a proposal owing to 
long-term experiences. However, it 
may be modified according to 
cultural or historical importance of 
a building or according to special 
monument preservation aspects. 

3.1.23 Ultrasonic Measurements 

The ultrasonic measuring procedure 
is applied in various fields of mater­
ial tests. Also in the field of natural 
stones the ultrasonic testing has 
been established as an appropriate 
non-destructive method providing 
information for the characterization 
both of stone material and its state 
of damage. 

The ultrasonic instrument has two 
sound probes, transducer and re­
ceiver, which are positioned at the 
surface of the stone object to be 
measured. Electrical impulses are 
transformed into ultrasonic im­
pulses, which are then emitted by 
the transducer. The ultrasonic 
impulses are transmitted within the 
stone to the receiver and there are 
transformed back to electrical 
impulses again. A time measuring 
unit registers the time employed for 
the transit of the ultrasonic im­
pulses between transducer and 
receiver. From this the ultrasonic 
velocity can be calculated consider­
ing the measuring distance between 
transducer and receiver. 



Main weathering forms 

Criteria for intensity classification 

of weathering forms 

Relief (R) 
Morphological change of stone 
surface due to partial or selective 
weathering. 

Rounding/notching (Rr) 
Mostly irregular and soft concave 
rcsp. convex relief forms. 

Concordant weathering (Rp) 
Mostly regular relief forms due to 
weathering sensibility of individual 
stone layers. 

Alveolar weathering (Ra) 
Severe pitting (alveolae), closely' 
spaced alveolae looking like a 
"honeycomb". 

Weathering of components (Rc) 
Mostly clearly-bounded relief 
forms due to loss of weathering-
sensitive or solid components (e.g. 
clay galls or pebbles), 

Micro-karst (Rk) 
Relief due to partial resp. selective 
solution especially of carbonates. 

dimension, frequency 

Table 1.1: Classification of weathering forms [3]. 

Loss of material / Fissuration 

Back weathering (W) 
Uniform loss of material following 
the profile of the stone surface.. 

Back weathering due to loss of 
scales (Ws) 

Back weathering doe to other 
types of material-detachment 
(Wo) 

Outbursts (O) 
Loss of compact stone fragments. 

Outbursts due to direct 
anthropogenic influence (e.g. war 
damage, vandalism) (Ow) 

Outbursts doe to other 
mechanical influence (Ooj 

Fissures (L) 
Lines of fractures and cracks at the 
stone surface. 

Fissures independent of stone 
bedding (Li) 

Fissures parallel to stone bedding 
(Lp) 

dimension dimension dimension, frequency 



Discoloration / Deposits on the stone surface resp. in the pore space near to the surface 

Discoloration (D) 
Alteration of the origina! stone 
color. 

Autochthonous discoloration (Dd) 
Mineral alteration or dislocation of 
components (e.g. oxidation, 
leaching etc.). 

Attochthonous discoloration (Du) 
Migration of colored matter from 
adjacent materials into stone. 

Soiling (I) 
Dirt deposits on the stone surface. 

Soot, dust (Ix) 

Droppings (ly) 

Paint (Ix) 

Other types of dirt deposits (to) 

quantity, degree 

Crusts (C) 
Strongly attached or detaching 
solid deposits on the stone surface. 

Salt crust (Ce) 
Solid layer of colorless or white 
salt. 

Detaching salt crust (Ceq) 

Iron/manganese crust (e.g, desert 
Tarnish) (CT) 

Detaching iron/manganese-crust 
(Ctq) 

Black crust (Cb) 
Compact layer, black colored by 
soot and dost. 

Detaching black crust (Chq) 

(dimension), quantity, degree 

Salt deposits (E) 
Loose deposits of salt aggregates. 

Colonization by organisms 
(B) 

Efflorescences (Ee) 
Salt aggregates on the stone 
surface, usually whitish powder. 

Snbflorescences (Ef) 
Salt below stone surface (e.g. in 
loosening zone of scales). 

BfefDns (Bg) 

colonization by microflora (ftmgi, 
fichen, ilgae) and bacteria. 

Higher plants (Bfa) 

quantity, degree 

Table 1.2: Classification of weathering forms [3J, 



Granular disintegration (G) 
Detachment of small granular 
elements in the form of single 
grains or grain aggregates. 

Flakes (F) 
Detachment of small, planar 
elements parallel to the stone 
surface. 

Single flakes (Fl) 

Multiple flakes (Fm) 

dimension, quantity dimension 

Scales (S) 
Detachment of large, planar 
elements parallel to the stone 
surface. 

Spalling (P) 
Detachment of solid crumbs. 

Exfoliation (X) 
Detachment of single or multiple 
planar elements (sheets) parallel to 
bedding. 

Very thin scale, usually 1-2 nun 
thick, due to sculpturing of the 
stone by the stonemason (St) 

Single scale with thickness 
ranging from a few mm to 
sereral cm (SI) 

Multiple scale (Sm) 
Several scales on top of each other 
with thickness of scale stack up to 
several cm. 

dimension dimension dimension 

Table 1.3: Classification of weathering forms [3]. 



Group of weathering forms 

Main weathering forms 

Granular disintegra­
tion to flakes (GF) 
Transitional form 

individual weathering forms No further differentiation 

Criteria for intensity 

classification of weathering 

forms 

dimension, quantity 

Detachment of material - Transitional forms 

Flakes to scales (FS) 

Transitional form 

No farther differentiation 

dimension 

Scales to spelling (SP) 

Transitional form 

Flakes to spalling (FP) 

Transitional form 

Granular disintegra­
tion to spalling (GP) 
Transitional form 

No further differentiation No fUrther differentiation No further differentiation 

dimension dimension dimension, quantity 

Table 1.4: Classification of weathering forms [3]. 



Depending on the position of trans­
ducer and receiver at the stone 
object to be measured, direct, semi-
direct and indirect measuring 
procedures are distinguished. In the 
following the ultrasonic measuring 
procedure applied within the 
IDEAS-project is described shortly. 
The ultrasonic measurements were 
executed with a measuring instru­
ment of the type "Steinkamp Ultra­
sonic Tester BPV", a handy and 
easy-to-transport instrument suita­
ble for the use in field. The mea­
surements were made according to 
the direct measuring mode, also 
called transmission mode. For 
direct ultrasonic measurements 
transducer and receiver are posi­
tioned at exactly opposite sides of 
the building stone. The ultrasonic 
velocity is calculated from the 
transit time of the ultrasonic pulses 
- here emitted with a frequency of 
45 KHz - and the length of the path 
covered according to the following 
equation: 

V « 1/t 
V = ultrasonic velocity (km/s) 
1 = path length (mm) 
t = transit time of the ultrasonic 

pulses ( / i s ) 

Here probes of conic shape were 
used in order to avoid transmission 
medium between sound probes and 
stone, as necessary when using 
standard planar probes. 
During the measuring procedure at 
a building stone the intensity of 
pressing transducer and receiver to 
the stone surface should be in­
creased until constancy of transit 
times are indicated by the instru­
ment. 

The results obtained from ultraso­
nic measurements are important for 
the supplementation, verification or 
quantification of results gathered 
from other investigations, especial­
ly from phenomenological invest­
igations on stone material and state 
of damage. 

3.1.3 Results 

3.1.3.1 Prophet Sculptures of the 
Sanctuary of Senhor Bom Jesus 
do Matosinhos - Congonhas 

The in-field investigations at the 
prophet sculptures of the Sanctuary 
of Senhor Bom Jesus do Matosin­
hos in Congonhas included standard 
photodocumentation/ stereo- photo-
documentation, lithological survey, 
mapping of weathering forms and 
ultrasonic measurements. The regis­
tered weathering forms were corre­
lated to damage categories. 

Soapstones were used for the car­
ving of the famous prophet sculp­
tures in Congonhas. Five sculptures 
are composed of two individual 
soapstone .blocks each, five sculp­
tures of three soapstone blocks each 
and two sculptures even of four 
individual building stones each. 
Soapstones are defined as meta-
morphic, soft stone materials with 
talc as main mineral component [2]. 
It is considered to be very suitable 
for carving craft and artwork. 
Especially in the Baroque period 
soapstone was used frequently for 
decoration parts such as portals, 
reliefs or sculptures of many 
monuments in Minas Gerais. The 
soapstones used at the prophet 
sculptures in Congonhas were taken 
from quarries located in the sur­
rounding of Congonhas. They are 
of greyish-blue colour. The soap-
stones appear to be similar. 
However, some variations referring 
to structure can be recognized. 
Several soapstone blocks appear 
homogeneous. Besides these, soap-

. stones- with recognizable inhomo-
genous arrangement of mineral 
components can be seen. Some 
blocks show homogenous parts 
besides inhomogenous parts or 
transitions between these. At the 
prophets Isaías and Nahum soap-
stones with significant metamorphic 
parallel-structure occur. Colour and 
structural phenomena,* however, 
have been considered not to be 
sufficient for a clear classification 
of soapstone varieties with respect 

to a lithological mapping. 

On the basis of the classification 
scheme, presented in table 1 (1.1 -
1.4) the weathering forms at front 
and back side of all prophets were 
mapped in detail. As documents for 
the mapping large-sized photos 
were used. For the illustration of 
•the mapping results plans were 
made by means of these photos. 

At the prophets only few different, 
characteristical weathering forms 
occur: 

- relief - morphological change of 
the stone surface, 

- outbursts - loss of compact stone 
fragments, 

- fissures, 
- discoloration - alteration of the 

original stone colour, 
- colonization by organisms (bio-

film). 

Very subordinate^ crust, soiling, 
granular disintegration, back 
weathering and flakes to scales 
could be stated. 

In fig. 1 a-g the characteristical 
weathering forms occuring at the 
statues are illustrated. 

The most frequent weathering 
forms are discoloration and relief. 
The weathering form discoloration 
is caused by mineral alteration, 
sometimes additionally by displa­
cement of the alteration products at 
the stone surface. 

This selective alteration of mineral 
components which are sensitive to 
weathering, conditions the weather­
ing form relief as a consequence. 
Relief here is due the loss of the 
alteration products by washing-out, 
for example. This type of relief -
relief by weathering of components 
- occurs at the surface of all pro­
phet sculptures, whereby frequency 
and dimension of the relief forms 
vary. For a detailed registration of 
the weathering form relief, the 
following division of intensity 
referring to the depth of the relief 



tip* 

was made: slight relief up to 1 mm 
depth, moderate relief with a depth 
of 1 mm to 1 cm, severe relief with 
a depth of more than 1 cm. Refer­
ring to this classification the pro­
phets show relief in mainly low 
intensity. However, at some speci­
ally exposed parts (e.g. head, 
shoulder, arm) moderate or even 
severe relief could be stated. 

Outbursts of different dimension 
occur frequently at filigran sculp­
ture parts as well as at edges. 
Fissures occur with different 
lengths and widths of opening. 

Crust occurs at some sculptures 
mainly in the area of open joints 
between the individual building 
stones. Colonization by organisms 
(biofilm) can be observed mostly on 
the surface of upper parts of the 
sculptures. Soiling occurs in the 
form of dirt or spider webs. 

When considering the weathering 
forms crust and colonization by 
organisms, it has to be taken into 
account that the sculptures were 
cleaned recently. At site it could 
not be proved, whether crusts and 
colonization by organisms deve­
loped again after cleaning or if they 
were not or only partly eliminated 
by the cleaning procedure. 

In the following front and back side 
of the prophet sculptures are de­
scribed with respect to the weather­
ing forms registered. For each 
sculpture it is mentioned which 
direction the front respectively back 
side is exposed to. 

Isaias 

Front (NE): body: discoloration 
and slight relief prevailing, subor-
dinately moderate relief, few severe 
fissures, subordinately granular 
disintegration, crust and small-
dimensioned outbursts; base: disco­
loration and mainly slight, partly 
moderate relief. 

Back (SW): body: discoloration and 

slight relief, few severe fissures; 
base: discoloration and mainly 
slight, suboidinately moderate 
relief. 

Jeremias 

Front (NE): body: discoloration 
and mainly slight relief, but some 
parts with moderate or even severe 
relief (e.g. parts of head, shoulder 
and hand), several small-dimen­
sioned outbursts, - slight assure, 
subordinately colonization by or­
ganisms at the top of the head; 
base: discoloration and mainly 
slight, partly moderate relief. 

Back (SW): body: discoloration and 
mainly slight relief, but some parts 
with moderate or even severe relief 
(e.g. parts of head, shoulder), 
slight fissure, subordinately small 
outbursts, subordinately coloniza­
tion by organisms and crust at the 
head; base: discoloration and 
mainly slight relief, partly moderate 
relief. 

Baruch 

Front (NE): body and base: disco­
loration and slight relief prevailing, 
subordinately very small outbursts, 
crust in the area of the joint be­
tween the building stones. 

Back (SW): body and base: disco­
loration and slight relief prevailing, 
few very small parts with moderate 
relief, few small outbursts, small 
fissure. 

Ezequiel 

Front (NE): body: discoloration 
and mainly slight relief, subordina­
tely moderate or severe relief (e.g. 
at head and* hand), few smaller 
outbursts, colonization by organ­
isms at the top of the head, subor­
dinately soiling; base: discoloration 
and mainly slight relief. 

Annotation: One hand has been 

fixed to the body by a piece of 
metal and mortar. The mortar now 
is partly weathered out. 

Back (SW): body: discoloration and 
mainly slight relief, subordinately 
moderate or severe relief, numer­
ous smaller outbursts, some slight 
fissures, -small area with slight 
back-weathering surrounded by 
flakes to scales, colonization by 
organisms at the upper part of the 
head; base: discoloration and 
mainly severe relief. 

Daniel 

Front (NW): body mciuding lion: 
discoloration and slight relief pre­
vailing, moderate relief only at a 
smaller part of one shoulder, colo­
nization by organisms at the top of 
the head; base: discoloration and 
mainly moderate, subordinately 
severe relief, slight fissure. 

Back (SE): body: discoloration and 
mainly slight relief, moderate or 
severe relief almost limited to one 
arm and shoulder, colonization by 
organisms at head and hair, severe 
fissures; base: discoloration and 
moderate relief, severe fissure. 

Annotation: A large piece of soap-
stone was put in at the back of the 
sculpture. In the open joints around 
mis piece, the joints having a depth 
of 10 cm and more, a lot of humid 
dirt could be stated. 

Oseias 

.Front (SE): body: discoloration and 
mainly slight relief, subordinately 
moderate relief (e.g. at the upper 
part of head, arm), subordinately 
very small outbursts, colonization 
by organisms at the top of the head, 
fissure at the lower part; base: 
discoloration and mainly moderate 
relief, subordinately slight relief. 

Back (NW): body: discoloration 
and mainly slight relief, subordina­
tely moderate relief, some smaller 
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Figure 1: 
Sanctuary of Senhor Bom Jesus do Matosinhos/Congonhas. Documentation of the characteristical 
weathering forms occuring at the sculptures of the prophets: relief due to weathering of components 
(a-g), outbursts (d,e,g), fissures (b,f), discoloration (a-g), crust (g), colonization by organisms (c,d) 
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outbursts, one fissure, colonization 
by organisms at the top of the head; 
base: discoloration and moderate 
relief, few smaller outbursts. 

Joel 

Front (NE): body: discoloration 
and mainly slight relief, moderate 
relief at one arm and one hand, few 
very small-dimensioned outbursts, 
subordinately colonization by 
organisms; base: discoloration and 
moderate relief. 

Back (SW): body: discoloration and 
slight relief, two fissures; base: 
discoloration and mainly moderate, 
partly slight relief, subordinately 
crust. 

Amos 

Front (NE): body: discoloration 
and mainly slight relief, subordina­
tely moderate relief (e.g. at head 
and hand), severe outbursts at one 
hand, subordinately soiling (spider 
webs), colonization by organisms at 
the top of the head; base: discolora­
tion and mainly slight, subordinate­
ly moderate or severe relief. 

Back (SW): body: discoloration, 
slight to moderate relief and coloni­
zation by organisms in the upper 
part, slight relief in the lower part, 
several outbursts of mainly smaller 
dimension, base: discoloration and 
mainly slight, partly moderate re­
lief, smaller outburst. 

Abdias 

Front (NE): body: discoloration 
and slight relief prevailing, severe 
relief in the central part, outburst at 
one hand; base: slight relief. 

Back (SW): body: discoloration and 
mainly slight relief, but at some 
parts moderate or even severe re­
lief, slight and severe fissures, 
subordinately small outbursts and 
colonization by organisms; base: 

discoloration and slight relief. 

Jonas 

Front (NE): body; discoloration 
and slight relief prevailing, subor­
dinately moderate relief, few small-
dimensioned outbursts, large-
dimensioned outbursts at one hand; 
base: discoloration and slight relief, 
small-dimensioned outburst. 

Back (SW): body: discoloration and 
slight relief prevailing, subordinate­
ly moderate relief, long fissure at 
the whale, subordinately coloniza­
tion by organisms; base: discolora­
tion and slight relief. 

Nahum 

Front (NE): body: discoloration 
and slight relief prevailing, moder­
ate relief at one shoulder, few 
mainly small-dimensioned out­
bursts, colonization by organisms at 
the head, subordinately crust; base: 
discoloration and slight relief, 
outbursts and crust in the lower 
part. 

Back(SW): body: discoloration and 
mainly slight relief, severe relief at 
one shoulder, few outbursts (small­
er large-dimensioned), subordinate­
ly colonization by organisms at the 
head; base: discoloration and slight 
relief. 

Habacuc 

Front (NE): body: discoloration 
and mainly slight relief, left arm 
with moderate relief, central part 
with severe relief and subordinately 
colonization by organisms and 
crust, colonization by organisms at 
head, shoulders and breast, few 
outbursts, either small-dimensioned 
(hand) or large-dimensioned (foot); 
base: discoloration and slight relief. 

Back (SW): body: discoloration and 
slight relief prevailing, one arm 
with moderate or severe relief and 

colonization by organisms; base: 
discoloration and slight relief. 

In fig. 2a-c the mappings of weath­
ering forms for the sculptures of 
the prophets Isaias, Joel and Abdias 
are presented as examples. The 
corresponding legend can be seen 
in fig. 2d. 

A further mapping of weathering 
form, the one of Jeremias, can be 
seen in fig. 8, chapter 1 .2 . 

In the following, the weathering 
forms of the prophet sculptures are 
characterized with respect to 
appropriate type and urgency of 
protection measures and are valua-
ted by means of damage categories. 
Referring to the latter, essentially 
the correlation of weathering forms 
to damage categories for architec­
tural decoration parts (see table 2) 
has been used. 

Slight relief by weathering out of 
components (most frequent weath­
ering form): If the age of the sculp­
tures is taken into account as well 
as the low intensity of the relief 
forms here the weathering process 
of mineral alteration with conse­
quent weathering out of the alter­
ation products can be considered as 
rather slowly. Restoration measures 
not seem necessary at the moment. 
It has to be verified if a treatment 
with chemical protection agents can 
eliminate or at least slow down the 
process of mineral alteration. 
Damage category II. 

Medium to severe relief by means 
of selective weathering of weather­
ing-sensitive mineral components: 
In comparison with the remaining 
sculpture surface the humidity 
situation may be changed. Hollow 
forms being open towards the top -
for instance in the area of the 
shoulder - may act as "water 
basin". Forms being open towards 
the sides also may hold longer the 
humidity than a smooth stone sur­
face, as they are more protected 
against direct solar irradiation. In 
all case the occuring relief forms 



Relief due to 
weathering of components 

Outburst 

Fissures 

Discoloration 

Crust 

Colonization by organisms 

Granular disintegration 

slight moderate severe 

slight severe 

slight 

Combination of weathering forms 
Slight relief and colonization 
by organisms, equivalent 

Moderate relief dominant, 
subordinate^ colonization by organisms 

Mortar 

Small stone pieces put in X 

Figure 2: 
Sanctuary of Senhor Bom Jesus do Matosinhos/Congonhas. Mapping of weathering forms at the sculp­
tures of the prophets Isaias (a), Joel (b) and Abdias (c). Legend for the mapping of weathering forms 
(d). 



Damage category 

Weathering form M 

i n m - r v 

n i n IV 

Relief (R) 
Rounding/notching (Rr) 
Concordant weathering (Rp) 
Alveolar weathering (Ra) 
Weathering of components (Rc) 
Micro-karst (Rk) 

Back weathering (W) 
due to loss of scales (Ws) 
due to oilier types (Wo) 

Outbursts (0 ) 
due to anthropogenic influence (Ow) 
due to other influence (Oo) 

Fissures (L) 
independem to stone bedding (Li) 
parallel to stone bedding (Lp) 

Discoloration (D) 
Discoloration, autochthonous (Dd) 
Discoloration, allochthonous (Du) 

Soiling (T) 
Soot, dust (Ix) 
Droppings (ly) 
Paint (lz) 
Other types (Io) 

Crusts (C) 
Salt crust (Ce) 
Iron/inanganese crust (Cv) 
Black crust (Cb) 

Salt deposits (E) 
Efflorescences (Be) 
Subflorescences (Ef) 

Colonization by organisms (B) 
Biofilni (Bg) 
Higher plants (Bh) 

Granular disintegration (G) 
Flakes (F) 

single (Fl) 
multiple (Fin) 

Scales (S) 
very thin due to sculpturing (St) 
single (SI) 
multiple (Sm) 

Spalling (P) 
Exfoliation (X) 
Granular disintegration to flakes (GF) 
Flakes to scales (FS) 
Scales to spalling (SP) 
Flakes to spalling (FP) 
Granular disintegration to spalling (GP) 

Table 2: 
Correlation of weathering forms and damage categories for architectural decoration parts 
(A) and masonry parts (M) [3]. I - very slight damage, II - slight damage, III - moderate 
damage, IV - severe damage, V - very severe damage. 



present an enlarged surface for 
further, possibly accelerated weath­
ering processes. The influence of 
the microorganisms frequently 
colonizing especially these deeper 
relief forms should be taken into 
account. A filling of the relief 
forms should be studied. Damage 
categories HI (moderate damage) 
for moderate relief and damage 
category IV (severe damage) for 
severe relief. 

Outbursts: Parts affected by out­
bursts actually do not show a 
changed or accelerated weathering 
behaviour. A supplementation of 
the lacking parts with stone or stone 
substitution material is subject to 
esthetical and monument preserva­
tion aspects. Damage categories II 
(slight damage), IH (moderate 
damage) or IV (severe damage) in 
dependence on number and dimen­
sion of outbursts. 

Fissures: The fissures present 
potential dangers for the sculptures. 
Gaseous and liquid phases may 
penetrate deeply into the stone and 
initiate or accelerate weathering 
processes. The fissures may - in 
extreme conditions - cause out­
bursts or even stability problems. 
Targeted measures for sealing-up or 
filling the fissures seem to be 
necessary. Appropriate materials 
and techniques of applying it have 
to be tested carefully. Knowledge 
of the geometry of the fissures is 
required additionally. Damage 
categories III (moderate damage) or 
IV (severe damage) in dependence 
on number and length of the fis­
sures and its width of opening. 

Discoloration: The discolorations 
due to mineral alteration or the 
dislocation of the alteration pro­
ducts at the stone surface can be 
considered as optical damage. 
Measures are not necessary. 
Damage category II (slight 
damage). 

Colonization by organisms: Coloni­
zation by organisms at least means 
an optical damage. Furthermore it 

probably changes the humidity 
conditions at the stone surface, 
especially when occuring in combi­
nation with relief in higher intens­
ity. This may modify or accelerate 
weathering processes. Cleaning 
measures or treatment with biocids 
have to be discussed. Damage 
category III (moderate damage). 

Crust: Crusts mostly occur in the 
area of the open joints between the 
individual building stones of a 
sculpture, but with low extension. 
It means no significant damage. A 
careful cleaning may be executed, 
but seems not necessary at the 
moment. By means of an appropri­
ate filling of the joints further crust 
formations here probably can be 
prevented. Damage category II 
(slight damage). 

Soiling and granular disintegration 
(very slight intensity) are correlated 
to damage category II (slight 
damage). 

The weathering forms back-weath­
ering and flakes to scales, only 
occuring subordinately at the sculp­
ture of Ezequiel, are correlated to 
damage category IV (severe 
damage). 

According to the presented valua­
tion of weathering forms by means 
of damage categories, for each 
individual building part of each 
prophet sculpture a damage cate­
gory was defined by transferring its 
weathering forms mapped into 
corresponding damage categories. 
In case that different weathering 
forms occured at one building part, 
the damage category of the weath­
ering form considered to be worst 
was applied. In table 3 the results 
of this evaluation are presented. 
For all building parts of all Scu lp ­
tores the damage categories are 
listed as well as the weathering 
forms determining the damage 
categories. The relative size of each 
building part is mentioned. In fig. 3 
plans with damage categories are 
presented for seven prophet sculp­
tures. 

For the twelve sculptures in total 33 
building parts were stated. 6 of 
them have been correlated to 
damage category II (slight damage), 
16 to damage category HI (moder­
ate damage) and 11 to damage 
category IV (severe damage). 

By means of the damage categories 
- taking into consideration the size 
of the building parts concerned - a 
ranking of the sculptures can be 
made with respect to its state of 
weathering. 

The ranking from more or less 
good condition to worse condition 
is as follows: Joel, Baruch and 
Oseias / Jonas / Amos / Nahum / 
Jeremias / Isaias, Ezequiel and 
Abdias / Habacuc and Daniel. 

The results obtained from the 
mapping of weathering forms and 
the correlation of weathering forms 
to damage categories show, that 
each building part of each sculpture 
must be considered individually 
when discussing urgency and 
appropriate type of protection 
measures. 

Ultrasonic measurements were 
executed at the prophet sculptures 
according to the direct measuring 
mode (transmission method) de­
scribed in chapter 3.1.2.3. In a first 
step about 30 measuring points 
were selected at the front side of 
each sculptures investigated. For 
each measuring point at the front 
side the corresponding measuring 
point at the back side of the sculp­
tures was determined. Here it was 
requested, that the measuring dis­
tance between two corresponding 
measuring points should be orienta­
ted horizontally and perpendicular 
to the front respectively back side 
of the statue as far as possible. All 
measuring points were precisely 
recorded in plans or photos of the 
sculptures. This is important, for 
example, for the repetition of 
comparable measurements. In the 
next working step the distances 
between such pairs of measuring 
points were determined. 
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Prophet Building parts Size Damage Weathering form(s) 

category determining the damage category 

Isaias lower part/base + 4 severe fissures 

upper part +/- 3 slight fissures 

Jeremias upper part + 4 severe relief 

lower part/base +/- 3 moderate relief 
part of headgear • 3 moderate relief 

Baruch lower part/base 3 slight fissure, slight outburst 

upper part 2 slight relief 
part of headgear - 2 slight relief 

Ezequiel lower part/base 4 severe relief, several outbursts, 

back-weathering, flakes to scales 
upper part +/- 3 moderate relief, outbursts 
part of headgear 3 moderate relief, col . by organisms 
right hand - 4 severe outbursts 

Daniel main part/base + , 4 severe fissures, severe relief 

part of headgear - 3 colonization by organisms 

piece in the back - 2 slight relief 

Oséias lower part/base 3 moderate relief, fissure, outbursts 
upper part +/- 2 slight relief 

part of headgear - 3 moderate relief, col . by organisms 
part of base - 3 moderate relief 

Joel lower part/base + 3 moderate relief, fissures 
upper part 2 slight relief 

Amos main part/base + 3 moderate relief, outbursts 

r ight hand - 4 severe outbursts 
part of headgear - 3 colonization by organisms 

Abdias lower part/base + 4 severe relief, severe fissure 
upper part 3 moderate relief, outbursts 

Jonas lower part/base + 3 moderate relief, fissure, outbursts 

headgear - 2 slight relief 

left hand - 4 severe outbursts 
Naum lower part/base 3 few outbursts 

upper part +/- 4 severe relief 

Habacuc lower part/base + 4 severe relief, large outburst 

upper part + /- 4 severe relief 

I Classification of size: -f large-sized +/-medium-sized -small-sized 

Table 3: 
Prophet sculptures of the Sanctuary of Senhor Bom Jesus do Matosinhos/Congonhas. Relative size, 
damage categories and weathering forms determining the damage categories referring to the individual 
building parts of the sculptures. 



Figure 3: 
Sanctuary of Senhor Born Jesus do Matosinhos/Congonhas. Damage categories for the sculptures of the 
prophets Joel (a), Jonas (b), Nahum (c), Jeremias (d), Isaias (e), Ezequiel (f) and Daniel (g). Legend 
for the damage classification (h). 
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This was done by means of a digital 
measuring unit with an exactitude 
of 0.1 mm. Then the ultrasound 
transit times were measured 
(fig. 4a). From measuring distances 
and corresponding ultrasound trans­
it times the ultrasonic velocities 
were calculated. 

At the pedestals of the sculptures 
measurements were made in two 
directions. Measuring distances 
again were oriented horizontally 
and both perpendicular and parallel 
to front respespectively back side of 
the sculptures. Preparations for the 
measurements and the measure­
ments itself were made in the same 
way as described above. 
Besides listing the ultrasonic veloci­
ties in tables, a graphical illustra­
tion of the results was worked out. 
For the ultrasonic velocities a 
colour scale with intervals of 0.25 
km/s was set up. The individual 
measuring points with correspond­
ing ultrasonic velocities are marked 
in plans of the sculptures as 
coloured points according to the 
colour scale established. Fig. 4b-d 
shows such graphical illustrations 
of measuring results for the sculp­
tures of the prophets Isaias, Joel 
and Nahum. By means of the 
numbers at front and back side of 
the sculptures corresponding 
measuring points can be identified 
(1-1, 2-2 etc). 

The results of the measurements 
show a high range of ultrasonic 
velocities from extremely low 
velocities up to 5 km/s. Differences 
occur at the sculptures compared to 
each other, but also at different 
building stones of an individual 
sculptures or even at an individual 
building stone. The sculptures were 
considered to be in comparable 
state of dryness during the period 
of measuring. Thus differences 
concerning ultrasonic velocities are 
either due to different petrographi-
cal properties or to different state 
of weathering. Some different cases 
are explained in the following. 

- Different building stones with 

comparable weathering forms but 
with significant differences of 
ultrasonic velocities at the build­
ing stones compared to each 
other, whereby the ultrasonic 
velocities at each individual build­
ing stone are more or less simi­
lar. Results like this indicate 
differences concerning the petro-
graphical character of the soap-
stones used. By means of the 
results obtained from the ultraso­
nic measurements at the sculp­
tures it could be surely proved, 
that different soapstone varieties 
are used (compare, fig. 4c and d, 
for example), like supposed as a 
result of the macroscopical de­
scription. 

- Individual building stone with 
significant differences of ultraso­
nic velocities referring to differ­
ent measuring directions, but 
without significant difference of 
weathering forms. The ultrasonic 
velocities for the measuring paths 
of same direction are similar. 
Results like this indicate an aniso­
tropic orientation of the mineral 
components within the soapstone 
used. The ultrasonic measurement 
at the pedestal of Nahum, for 
example, showed that the aniso­
tropic orientation of mineral 
components significantly influ­
ence the ultrasonic velocity. At 
this sculpture already macrosco-
pically an almost parallel struc­
ture of the mineral components 
could be stated. Low ultrasonic 
velocities were determined for 
measuring paths perpendicular to 
this parallel structure. Significant­
ly higher ultrasonic velocities 
occur in the direction of the 
mineral orientation. Results like 
this were obtained for several 
building stones of further sculp­
tures (e.g. building stones of 
Joel, Baruch, Isaias). 

- Individual building stone with 
differences of ultrasonic veloci­
ties. The measuring paths are of 
same direction but different 
lengths. The weathering pheno­
mena at the stone surface are 

comparable. A more or less 
regular tendency can be seen, that 
lower ultrasonic correspond to 
shorter measuring distances. Re­
sults like this are indicators for a 
certain depth of weathering, 
whereby this depth is almost 
uniform with respect to the stone 
surface investigated. A shorter 
measuring distance means a 
higher proportion of path through 
weathered stone to path through 
unweathered stone and thus re­
sults in lower ultrasonic veloci­
ties. Tendencies like this were 
stated for the main building 
stones of Isaias and Ezequiel. 

- Individual building stone with 
slight differences of ultrasonic 
velocities. The measuring paths 
are of same direction but different 
lengths. There is no regular 
interdependence between measur­
ing distances and ultrasonic velo­
cities. The weathering phenome­
na at the stone surface are com­
parable. Results like this here 
probably indicate local variations 
of weathering depths or may be 
due to inhomogeneities in the 
soapstone. This case has been 
stated most frequently at the 
statues. 

- Individual building stone with 
mainly similar ultrasonic veloci­
ties but single very low ultrasonic 
velocities. In comparison with the 
mappings of weathering forms, it 
can be seen, that the very low 
ultrasonic velocities correspond to 
fissures in the building stones. 
This can be seen, for example, at 
the sculptures of Joel (compare 
fig. 2b and fig. 4c, measuring 
point 21) and Isaias (compare 
fig. 2a and fig. 4b, measuring 
points 5 and 6). 

Besides the presented information 
obtained from the ultrasonic mea­
surements, the available data in 
general characterize the actual state 
of the statues quantitatively. It it 
possibly to register quantitatively 
changes respectively progress of 
weathering damages in future, if 



Figure 4: 
Sanctuary of Senhor Bom Jesus do Matosinhos/Congonhas. Ultrasonic measurements. Measurement at 
the sculpture of the prophet Joel (a). Ultrasonic velocities determined for distances between correspon­
ding measuring points at front and back side of the sculptures of the prophets Isaias (b), Joel (c) and 
Nahum (d). Legend for the ultrasonic velocities (b). 
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such ultrasonic measuremements 
are executed in the same way. The 
ultrasonic procedure may also be 
applied for the control of the effec­
tiveness of protection measures (eg. 
treatment with stone consolidation 
agents, filling of fissures etc.) in 
case such measures are applied. 

Finally it has to be mentioned, that 
besides a detailed photodocumenta-
tion according to standard proce­
dures a series of stereophotos have 
been made for the sculptures of Joel 
and Jeremias focussing on the 
occuring weathering forms mapped. 
It is intended to make such series of 
stereophotos for the other sculp­
tures, too. The stereophotos mean a 
useful complementary to the 
mapping of weathering forms. 
Contrary to standard photos the 
stereophotos allow three-dimen­
sional virtual views, if the neces­
sary equipment is provided. Besides 
mapping of weathering forms and 
ultrasonic measurements it may 
serve as a further possibility of 
registering changes or progress of 
weathering damages at the famous 
prophet sculptures in future. 

3.1.3.2 São Francisco de Assis 
Church and Inconfidência 
Museum - Ouro Preto 

For many buildings in Ouro Preto 
local quartzites were used as char-
acteristical stone material. Within 
the IDEAS-project investigations 
into lithology and state of weather­
ing were to be executed at the São 
Francisco de Assis Church. In 
order to get also some more general 
and representative information on 
lithology and weathering behaviour 
of the common quartzites additional 
investigations were made at the 
Inconfidência Museum near to the 
São Francisco de Assis Church. 

The in field investigations at the 
São Francisco de Assis Church and 
at the Inconfidência Museum in 
Ouro Preto included lithological 
survey and mapping of weathering 
forms with corresponding photodo-

cumentation. The registered weath­
ering forms later were correlated to 
damage categories. For the invest­
igations representative parts of the 
exterior masonry of the two build­
ings were selected, taking into 
consideration accessibility and 
different orientations of the mason­
ry parts. At the São Francisco de 
Assis Church the lower parts of six 
pillasters around the church were 
selected, as well as the masonry 
parts at the sides of the main portal. 
At the Inconfidência Museum 
larger masonry parts at all four 
sides of the building were choosen. 

For the exterior masonry of the two 
monuments quartzite - a metamor-
phic rock - from the area surround­
ing Ouro Preto was used. Stratigra-
phically such quartzites belong to 
the Proterozoic Itacolomi Group 
[1]. As the area of Itacolomi near 
Ouro Preto presented an import 
location for quarrying the quart­
zites, "Itacolomi quartzite" is used 
here as a reference name. Macro-
scopically quartz can be identified 
as main mineral component. Fur­
thermore mica can be stated. 

With respect to the grain size of the 
quartz components fine-grained, 
medium-grained and coarse-grained 
quartzites were distinguished in the 
framework of the lithological 
mapping. Furthermore, the stone 
colour was considered. White to 
pale grey, yellowish and brown to 
red colours were distinguished. 
Transitions between different grain 
sizes or different colours were 
correspondingly marked as well as 
the occurrence of pebbles. Each 
individual building stone of the 
selected monument parts was 
characterized with respect to the 
parameters mentioned above and 
correspondingly mapped in docu­
ments. Plans were used, made on 
the basis of photos. Fig.5 shows as 
examples a pillaster at the NW-side 
of the Church and a masonry part 
at the SW-side of the Museum with 
its lithological mappings and corre­
sponding legend. A further litholo­
gical mapping can be seen in 

fig. 12 of chapter 1.2. 

The lithological plans established 
for all selected parts of the two 
buildings have been evaluated 
quantitatively. 
At the Inconfidência Museum 224 
building stones have been investiga­
ted (NE-side: 39, SW-side: 86, SE-
side: 77, NW-side: 22). 119 build­
ing stones are made from white to 
pale grey quartzites, either fine­
grained (56), medium-grained (50) 
or less frequently coarse-grained 
(6). 7 white to pale grey quartzites 
show transitions between the grain 
size categories defined. Only 14 
building stones are completely 
yellowish, mostly medium-grained. 
15 building stones are completely 
brown to red, mostly medium-
grained. It has to be mentioned, 
that especially at the SW-facade 
those yellowish and brown-red 
quartzites were used (fig. 5d). 64 
building stones show transition 
forms referring to stone colour. 12 
building stones at the SE-facade 
could not be classified due to dark 
crusts on the stone surface. Pebbles 
were found in 5 building stones 
only. 

At the São Francisco de Assis 
Church 63 building stones have 
been classified. White to pale grey 
quartzites are dominant (50) being 
mostly medium-grained. Subordina-
tely yellowish quartzites occur (7) 
being mostly medium-grained. 6 
building stones, mostly medium-
grained, show transitions referring 
to colour, especially from 
white/pale grey to yellowish. 
Pebbles were found in only two 
building stones. 

The results of this quantitative 
evaluation can be summarized as 
follows. White to pale grey quartzi­
tes are prevailing, these quartzites 
being either fine- or medium-grai­
ned. Yellowish and brown-red 
quartzites occur only subordinately, 
these quartzites being mostly 
medium-grained. 
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Figure 5: 
São Francisco de Assis Church and Inconfidência Museum/Ouro Preto. Lithological mapping. Pilaster at 
the NW-side of the Church (a) and part of the SW-facade of the Museum (b) with corresponding litho­
logical mappings (c,d). Legend for the lithological mappings (e). 
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Pebbles within the quartzites are 
rare. As additional information it 
has to be mentioned, that the fine­
grained quartzites - in most cases 
white to pale grey quartzites - often 
are characterized by a schistose 
structure. 
The weathering forms at the selec­
ted parts of Church and Museum 
were mapped applying (he detailed 
mapping mode. Fig. 6 shows be­
sides some characteristical weather­
ing forms of the quartzites (fig. 6a 
and b) the illustration of mapping 
results for two building parts 
(fig. 6c and d). The legend for the 
mapping of weathering forms 
(fig. 6e) considers all mappings 
executed and thus presents the 
variety of weathering forms and its 
intensities which could be stated at 
the two monuments. Another 
mapping of weathering forms can 
be seen in fig. 12 of chapter 1.2. 
Further mappings of weathering 
forms of the two buildings have 
been published in [4], 

For the quantitative evaluation of 
weathering forms presented in the 
following the building stones of the 
Church and the Museum were 
considered in all. As in most cases 
several weathering forms occur at 
the same building stone, the sum of 
the percentual portion of all weath­
ering forms exceeds the limit of 
100%. 

The most frequent weathering form 
at the building stones is relief by 
rounding/notching. More than 
75% of the building stones invest­
igated are affected by this weather­
ing form. A distinction of intensity 
was made for the weathering form 
relief as follows: slight relief up to 
1 cm depth, moderate relief with a 
depth of 1 to 3 cm, severe relief 
with depths of more than 3 cm. 
With respect to this classification of 
intensity the occuring relief forms 
show mostly slight intensities. 
However, moderate and severe 
intensities of relief could be stated. 
Granular disintegration - the de­
tachment of stone material in the 
form of single grains or small 

aggregates of grains - is another 
significant weathering form. It 
could be registered at about 50% of 
the building stones. The quartzites 
show granular disintegration mostly 
in slight intensity. 

Frequently the weathering forms 
granular disintegration and relief 
occur in combination, whereby 
granular disintegration in most 
cases has caused the relief forms. 
This explains the recognizable 
tendeny, that a higher intensity of 
granular disintegration correlates 
with higher intensity of relief. 

As further weathering forms, which 
describe a detachment of stone 
material, granular disintegration 
to flakes (at 25% of the building 
stones), flakes (10%), flakes to 
scales (20%) and scales (20%) 
could be stated, the size/volume of 
the detaching stone elements in­
creasing in the sequence of listing. 

About 10% of the building stones 
show exfoliation - a detachment of 
single or multiple planar elements, 
here following the schistosity of the 
stones concerned. This weathering 
form occurs only, if the schistosity 
planes are oriented more or less 
parallel to the stone surface. In 
most cases the weathering form 
exfoliation concerns the white, fine­
grained quartzites. 

At about 50% of the building stones 
a discoloration of the stone surface 
-partly with transitions to crusts-
has been recorded. 
Fissures -mainly in slight intensity-
affect about 10% of the building 
stones investigated. Outbursts 
occur with a similar frequency. 
The weathering forms back wea­
thering, spalling, dark crusts and 
colonization by organisms affect 
the surface of only a few building 
stones. 

With the exception of exfoliation -
affecting mainly white to pale grey, 
fine-grained quartzites - it could not 
be recognized any definite correla­
tion between single weathering 

forms and quartzite types when 
comparing lithological mappings 
and mappings of weathering forms. 
Furthermore there are no clear 
indications to differences of weath­
ering forms with respect to differ­
ent orientation of building parts. 
As an additional observation refer­
ring to weathering forms it has to 
be mentioned, that at the Sao 
Francisco de Assis Church many 
parts of the stone base around the 
church frequently show thin scales. 
Back weathering can be observed 
in many cases as a consequence of 
the loss of such scales. At the back 
side of small samples of the scales 
intense colonization by organisms 
could be seen. According to exper­
ience these results indicate an 
increased humidity load of the 
building parts being concerned. 

The mappings of weathering forms 
established for the selected parts of 
the São Francisco de Assis Church 
and the Inconfidência Museum 
were transferred into damage 
category plans. Here the correlation 
of weathering forms to damage 
categories for masonry parts was 
applied (see table 2). Fig. 7 shows 
damage category plans for some 
pillasters of the Church (flg.7 a-d) 
and for two masonry parts of the 
Museum (fig. 7e,f). The corre­
sponding legend for the damage 
classification can be seen in fig. 7g. 
Most of the building stones inves­
tigated show slight or moderate 
damages (damage categories II and 
III). However, severe damages 
(damage category IV) arised for 
several building stones. Building 
stones with very severe damages 
(damage category V)* fortunately 
are rare. Damage category IV and 
V mainly concern building stones 
with actual intense detachment of 
stone material, with severe loss of 
stone material or with severe fis­
sures which, however, occur rare-

iy. 
Referring to the results presented 
the following statements were made 
with respect to protection measures. 



Figure 6: 
São Francisco de Assis Church and Inconfidência Museum/Ouro Preto. Weathering forms. Documentati­
on of the weathering forms relief, granular disintegration, scales (a) and exfoliation (b). Mapping of 
weathering forms at a pilaster of the NW-side of the Church (c) and at a part of the SW-facade of the 
Museum (d). Complete legend for all mappings of weathering forms executed at Church and Museum 
(e). 
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Building stones with severe or very 
severe damages (damage categories 
IV and V) should be concentrated 
on: 
- referring to building stones with 

severe loss of stone material, 
possibilities of stone repair should 
be tested. 

- referring to building stones with 
actual intense detachment of stone 
material, possibilities of fixation 
or consolidation have to be tes­
ted. 

- referring to building stones with 
severe fissures, possibilities of 
sealing-up or filling should be to 
tested. 

In case that a complete or partial 
replacement of highly damaged 
building stones is planned, quart-
zites with significant schistose 
structure should be avoided as new 
material as they tend to exfoliation. 
In case such quartzites are used as 
new material, at least it has to be 
avoided, that the schistose structure 
is orientated parallel or almost 
parallel to the surface of the facade. 

Referring to building stones with 
crusts, necessity and possibilities of 
careful cleaning measures are to 
discussed. 

Referring to building stones with 
slight to moderate damages, mea­
sures in order to prevent or slow 
down future stone decay are to be 
discussed. 

Referring to the base areas of the 
São Francisco de Assis Church, 
probably first constructional mea­
sures are necessary in order to 
eliminate or at least significantly 
lower the humidity load, which 
must be considered as main cause 
of the damages. Only then other 
measures - eg. chemical treatment -
can be successful at all. In case of a 
chemical treatment the possible 
interactions between chemical 
product and the microorganisms 
found frequently below the stone 
surface have to checked carefully. 
The application of biocids must be 
discussed. 

3.1.3.3 Aachen Cathedral -
Aachen 

At the Aachen Cathedral investiga-
tons were executed at a part of the 
Charles Chapel as well as at the 
shafts of 14 pinnacles around the 
upper part of the Chorus hall. 

lidation measures as a next step 
have to be discussed. At the inveti-
gated part of the Charles Chapel 
granular disintegration was also 
observed frequently at edges of the 
building stones in the area of the 
joints between the individual build­
ing stones. 

The selected part of the Charles 
Chapel was built from Herzogen­
rath sandstone, taken from quarries 
near Aachen. The Herzogenrath 
Sandstone is a white to yellowish 
sandstone of the Tertiary with 
quartz as dominant mineral compo­
nent. Although the Herzogenrath 
Sandstone has been only of regional 
importance as building material, it 
was used already 2000 years ago, 
as the sandstone is easy-to-quarry 
and easy-to-sculpture. Today it has 
lost its importance as natural build­
ing stone. At the Aachen Cathedral 
the Herzogenrath Sandstone was 
used for numerous building parts. 

The weathering forms at the 
Herzogenrath Sandstone were 
mapped at the selected part of the 
Charles Chapel. 

The prevailing weathering form is 
black crust, mainly firmly attach­
ing to the stone surface. Tne crusts 
are a consequence of air pollution. 
For the mapping a distinction was 
made between thin smooth crust 
and thicker crust with intense, 
cauliflower-like morphology. The 
latter occur at the investigated 
building part less frequent com­
pared to the thin smooth crusts. 
Possibilities of careful cleaning 
should be discussed. It could be 
observed in areas of the Chapel 
with actual stone replacement 
works, that the Herzogenrath Sand­
stone is often deteriorated by 
granular disintegration below the 
crust up to its deeper interior. This 
could be proved by numerous 
stones exchanged at the Charles 
Chapel. In this case the Herzogen­
rath Sandstone often presents a 
problem with respect to statics of 
building parts. Thus, in case of 
cleaning the building stones, conso-

The pinnacles arranged around the 
upper gallery of the Chorus hall 
were made from a sandstone, the 
origin of which is unknown today. 
The sandstone is of light grey to 
pale yellowish-brown colour. The 
availability of carbonatic compo­
nents could be proved. The original 
pinnacles were replaced in the 
second half of the 19th century. 
Inscriptions on the pinnacles of 
today indicate further restoration or 
replacement measures in the first 
half of the 20th century. Thus the 
age of the pinnacles of today is 
about 100 years or even less. 
However, the pinnacles already 
show partly severe weathering 
damages. For the mapping of 
weathering forms the shafts of all 
14 pinnacles were choosen. The 
numbers 1 to 14 were given from 
the western pinnacle at the northern 
side of the Chorus hall clockwise. 
At each pinnacle all accessible sides 
of the shaft - as a rule 3 of 4 in all 
- were mapped. The main aim 
besides the precise description and 
documentation of the weathering 
forms itself was to get information 
on the variation of weathering 
forms with respect to different 
orientation of the pinnacle sides. 
For such investigations on correla­
tions between weathering forms and 
orientation of bidding parts the 14 
pinnacles are suitable' objects, as 
they show an almost complete 
range of orientations referring to its 
sides. The following orientations 
were covered by the investigations 
considering all sides of all pinna­
cles: N, NNE, NE, ENE, E, ESE, 
SE, SSE, S, SSW, SW, WSW, W, 
WNW, NW and NNW. As docu­
ments for the mapping plans being 
true to scale were established. 



Figure 7: 
São Francisco de Assis Church and Inconfidência Museum/Ouro Preto. Damage categories for some 
pilasters of the Church (a-d) and for two masonry parts of the Museum (e,f). Legend for the damage 
classification (g). 
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Fig. 8a-c shows the shaft of 
pinnacle no, 6 with mappings of 
weathering forms and correspond­
ing legend. The orientation of the 
three different sides mapped is 
given as additional information. 

In table 4 (4.1 - 4.5) the different 
shaft sides of each of the 14 pinna­
cles are listed with corresponding 
weathering forms, its intensities 
and extension. For describing the 
extension of a weathering form at 
one shaft side of a pinnacle, the 
following classification was made: 
less than 10 % of the surface affec­
ted - low extension (1), 10 - 50 % 
of the surface affected - medium 
extension (m), more than 50 % of 
the surface affected - high extension 
(h). 
Referring to fissures and outbursts 
its number is mentioned instead of 
extension. 

Again it has to be considered that in 
most cases several weathering 
forms occur in combination. Thus 
the sum of the percentual portion of 
the extension of all weathering 
forms exceeds the limit of 100 % 
referring to one shaft side. 

On the basis of the results presented 
in table 4 the occuring weathering 
forms can be characterized as 
follows according to intensity, 
extension and according to the 
orientation of the pinnacle sides at 
which they occur. 

Relief: relief - here predominantly 
by rounding/notching - can be 
observed at all pinnacle sides, inde­
pendent of the orientation of the 
sides. The relief forms occur with 
mainly low intensity, but high 
extension. Subordinately moderate 
or very rarely severe relief can be 
stated, both mostly with low exten­
sions. 

Back weathering: back weathering 
can be observed mostly at pinnacle 
sides orientated in the range of E 
via S to W. It occurs mainly with a 
low intensity (depth of back weath­
ering < 1 cm), but frequently with 

medium extension. 

Outbursts: outbursts with different 
intensity/dimension occur without 
significant dependence on the orien­
tation of the pinnacle sides affected. 

Fissures: fissures occur rather 
rarely, but partly with severe in­
tensity. A clear dependence on the 
orientation of the pinnacle sides 
affected is not recognizable. 

Soiling: soiling can be observed 
very rarely and with low extension. 

Efflorescences: efflorescences are 
characteristical for all pinnacle 
sides exposed in the range of E to 
S. Especially at sides orientated to 
S this weathering form occurs with 
high intensities. The extension 
ranges from low to medium. 
However, efflorescences also could 
be found at pinnacle sides orienta­
ted in the range of W and N. Here 
in some cases transitions to salt 
crusts can be observed. 

Crust: black crusts occur at pinna­
cle sides of all orientations, where­
by intensity and extension vary 
without any clear dependence on 
the orientation of the sides affected. 
At least there is a tendency that 
sides orientated to about north are 
affected especially. 

Colonization by organisms: colo­
nization by organisms - here mi­
croorganisms - mostly can be 
observed at pinnacle sides with 
orientations in the range between W 
to N. High extensions occur especi­
ally in the range of W to NW. 

Granular disintegration: granular 
disintegration can be observed at 
pinnacle sides of all orientations. It 
occurs mostly with slight intensity, 
but medium or high extension. 

Flakes: flakes predominantly can 
be observed at pinnacle sides orien­
tated between ENE and SW. Flakes 
occur with mostly slight, subordina­
tely moderate intensity. The exten­
sion mostly is low, however, at 

some ENE- or E-exposed parts it is 
medium. 

Scales: scales predominantly can be 
observed at pinnacle sides orienta­
ted between E and SW. The intens­
ity mostly is low (thickness of 
scales < 1 cm), the extension 
mostly medium. 

Exfoliation: exfoliation was only 
stated in one case. 

Granular disintegration to flakes: 
this transition form can be observed 
especially at pinnacle sides with 
orientations in the range of E to 
SW. It occurs mostly with slight 
intensity and extension. 

Flakes to scales: this transition 
form can be observed especially at 
pinnacle sides with orientations in 
the range of ENE to SW. It occurs 
with slight to severe intensity, but 
mosdy low extension. 

Scales to spoiling: this transition 
form was observed only at pinnacle 
sides exposed to S or SSW. It 
occurs with low extension, but high 
intensity. 

The results clearly show, that at the 
same stone material different 
weathering forms may occur in 
dependence on the orientation of 
the pinnacle sides concerned. Some 
damage situations are explained in 
the following. 

It was stated that colonization by 
organisms mostly occur at the sides 
of the pinnacles exposed to about 
W. The western side corresponds to 
the weather-side of the Aachen 
Cathedral arid thus is exposed to 
rain, which provides the necessary 
humidity for the microorganisms 
colonizing the surface. Black 
crusts, however, at least as a 
tendency occur especially at the 
northern sides of the pinnacles -
normally protected against rain. 
The protection against rain prevents 
the stone surface from being 
washed and thus allows the crust 
formation. 
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Figure 8: 
Aachen Cathedral. Mapping of weathering forms. Pinnacle no. 6 (a) at the top of the Chorus hall with 
corresponding mapping of weathering forms at the three accessible sides of the pinnacle (b). Legend for 
the mapping of weathering forms (c). 
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Pinnacles Weather ing f o r m s 

SSE -side ENE-side 

relief KW relief KW 

back weathering KO black crust (+/-,}) (+,m) 

1 black crust ( + (+,1) efflorescences (-.1) 3rd side not accessibla 

granular disintegration KW flakes Km) 

scales (-,m} granular disintegration to flakes Km) 

granular disintegration to flakes (-.1) flakes to scales l-,m) 

W-side S-side E-side 
relief (-,h) relief Km) relief KMt+.l) 

back weathering (-,m) back weathering (+.h) black crust ( + (+,l> 

outburst (-.1) outburst , + ,1) efflorescences {-,{) 

2 blaek crust (-,m) (+A.I) (+.1) black crust Kl) ,+/-,.) < + ,m) granular disintegration KD 

flakes <-.!} efflorescences KD (+,I) granular disintegration to flakes (-.1) 

scales (-.1) granular disintegration (-,!) flakes to scales (+/-.W 

colonization bv organisms 0) flakes 

scales Kh) ( + ,l) 

granular disintsgration to flakes Km) 

W - s i d e S -side E-side 

relief Km} relief Km) <+,!} relief KW 

baok weathering (-,m) back weathering black crust (+/-.I) (+.1) 

outburst (-,2) outburst K1) efflorescences KD 

black crust KW (+.1) fissures {+,2) flakes to scales (-f A.h) 

3 flakes (-,1) black crust (+/-.W < + ,l) 

scales {-,!) efflorescences (-,!> 

granular disintegration to flakes (-,1) granular disintegration (-,1) 

flakes (-,1) 

scales KU 

granular disintegration to flakes (-.1) 

scales to spading {-,!) 

Intensities: - slight + /- moderate + severe 
Extension: I low (< 10 % of the surface); m medium (10-50 % of the surf.); h high (>50 % of the surf.) 

Ref. to fissures and outbursts: number is mentioned instead of extension. 

Table 4.1: 
Aachen Cathedral - pinnacles in the upper part of the Chorus hall. Weathering forms with intensities 
and extensions. 
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Pinnacles Weather ing f o r m s 

W-side S-side E-side 

relief KW relief Kh) relief Kh) 

back weathering Km) back weathering Kl) back weathering (-,1) 

4 black crust (+/-,!} black crust KI) (+/-,» black crust Km) (+/-.I) (+,l) 

efflorescences KD efflorescences (-*-,m) efflorescences Kl) 

flakes ( + granular disintegration t-,m) granular disintegration (-,1) 

scales (-.1) flakes (-,1) flakes KD 

granular disintegration to flakes (-,1) scales Km) scales Km) 

flakes to scales Kl) granular disintegration to fiakas <-,l) granular disintegration to flakes (+/-.I) 

colonization by organisms (h) flakes to scales (+ /-,!} 

W-side S-side E-side 

relief Km) relief Km) <+,l) relief (-,h) 

back weathering (-.1) black crust Kh) {+,!) back weathering Kl) 

5 black crust (-f/-.I) (+.0 efflorescences Km) black crust Km) ( + /-,!> ( + .1) 

efflorescences K0 granular disintegration {-,1) (+ ,1) efflorescences {-,!) 

granular disintegration (+/-.I) (+,1) flakes Kl) granular disintegration (+/-.I) (+ f|) 

flakes M granular disintegration to flakes (-.1) flakes Kl) l+/-,m) 

flakes to scales (-.1) flakes to scales i-f ,1) scales {-,)} 

colonization by organisms (h} scales to spading ( + granular disintegration to flakes KD 

colonization by organisms (1) 

W N W - s i d e SSW-side ESE-side 

relief (-,h) relief Kh) relief Kh) ( + /-.I) 

back weathering (-.1) back weathering (-.1) ( + ,l) back weathering Km) 

6 black crust (+ /-,l) <+,m) black crust ( + /-,)) ( + ,l) outburst ( + .1) 

efflorescences (-,1) granular disintegration Km) black crust {+/-,!) ( + .1) 

granular disintegration Km) flakes (-.1) efflorescences Kl) 

scales Kl) scales Km) flakes Km) 

colonization by organisms (1) granular disintegration to flakes {-,!) scales Km) 

flakes to scales ( + ,l) 

scales to spelling { + ,1) 

Intensities: -slight +/- moderate + severe 
Extension: I low (< 10 % of the surface); m medium (10-50 % of the surf.); h high (>50 % of the surf.) 

Ref. to fissures and outbursts: number is mentioned instead of extension. 

Table 4.2: 
Aachen Cathedral - pinnacles in the upper part of the Chorus hall. Weathering forms with intensities 
and extensions. 



Pinnacles Weather ing f o r m s 

NW-s ide SW-side SE-side 

relief KW relief KW relief KW 

back weathering Km) outburst K2) back weathering Km) 

7 outburst ( + .2) black crust (+/-,l) (+,0 outburst (-,1) 

black crust ( + KI) (+,U granular disintegration KW efflorescences KD 

granular disintegration {-,!) flakes (-,1) granular disintegration (-,h) 

flakes Kl) scales Km) flakes ( + /-.IJ ( + 

scales (-,1) flakes to scales Kl) scales Km) 

granular disintegration to flakes {-,!) colonization by organisms (1) granular disintegration to flakes Kl) 

colonization by organisms (h) 

NNW-s ide W S W - s i d e SSE-side 

relief KW {+/-,!) relief Km) relief KW 

black crust {-,» i+hD <+*D black crust ( + ,m) fissure ( + .1) 

8 granular disintegration KD granular disintegration KD black crust i + ,i) 

granular disintegration to flakes Kl) exfoliation KW granuiar disintegration KW 

colonization by organisms (1) granular disintegration to flakes (-.1) granular disintegration to flakes (-,1) 

colonization by organisms (1) flakes to scales KD 

colonization by organisms (I) 

NNE-side W N W - s i d e SSW-side 

relief Kb) relief KW relief KW 

black crust ( + ,D black crust Km) (+ Kl) {+ ,1) back weathering Kl) 

9 efflorescences Kl) efflorescences (-.1) black crust KD (+KW ( + .1) 

granular disintegration Km) granular disintegration Km) grenuler disintegration (-.1) 

granular disintegration to flakes <-, flakes KD flakes (-.1) 

granular disintegration to flakes Kl) scales (+.1) 

colonization by organisms Cm) granular disintegration to flakes KD 

colonization by organisms (1) 

Intensities: - slight + /- moderate + severe 

Extension: I low (< 10 % of the surface); m medium (10-50 % of the surf.); h high {>50 % of the surf.) 

Ref. to fissures and outbursts: number is mentioned instead of extension. 

Table 4.3: 
Aachen Cathedral 
and extensions. 

- pinnacles in the upper part of the Chorus hall. Weathering forms with intensities 



Pinnacles Weather ing f o r m s 

NE-side NW-s ide SW-side 

relief <-,h) relief Kl) ( + /-,m) relief Km) 

black crust (-,1) back weathering Km) back weathering Km) 

1 0 efflorescences ( + ,m) fissure (-,1) black crust KD 

granular disintegration (~,m) black crust KIM+ K0 (+.1) granular disintegration (-,1) 

colonization by organisms (1) efflorsscences Kl) scales KD 

colonization by organisms (h) colonization by organisms |h) 

ENE-side NNW-side W S W - s i d e 

relief Kh) { + /-,.) relief (-,h) relief Km) 

outburst (-,1) outburst KD outburst KD 

11 black crust (+ /-.I) ( + .1) black crust (+/-,l) black crust KD 

efflorescences (-.1) efflorescences Km) ( + ,l) flakes to scales (-,1) 

granular disintegration (~,h) granular disintegration t-,h) colonization by organisms (1) 

flakes i-,m) flakes (-,1) 

scales {-,!) scales KD 

flakes to scabs (-.1) colonization by organisms (1) 

E-side N-side W-s ide 

relief (-,h) relief (-,h) relief KD (+KU 

outburst {+ ,3) outburst {-»-,2) outburst K2) 

1 2 fissure (-.1) black crust ( + /-,h) (4,1) fissure K2) 

black crust (+ Km) 1 • ,1) efflorescences (-,m) black crust ( + /-,m) 

efflorescences (-,1) granular disintegration (-.1) ( + /-,!) efflorescences (-,1) 

granular disintegration Kh) flakes (-.1) colonization by organisms (h) 

flakes (-,11 colonization by organisms (1) 

Intensities: • slight +1- moderate + severe 
Extension: I low (< 10 % of the surface); m medium (10-50 % of the surf.); h high (>50 % of the surf.) 

Ref. to fissures and outbursts: number is mentioned instead of extension. 

Table 4.4: 
Aachen Cathedral - pinnacles in the upper part of the Chorus hall Weathering forms with intensities 
and extensions. 



Pinnacles Weather ing f o r m s 

1 3 

E-side 

relief KM 

beck weathering Kb) 

•oiling (I) 

black crust (+/-.D <+.D 

efflorescences Km) (+•,I) 

granular disintegration Kh) 

flakes Kl) 

N-side 

relief KhU+KU 

outburst KD 

fissure KD 

block crust (-.1) ( + /-.m) (+.1) 

efflorescences KD 

granular disintegration Kh) 

colonization by organisms {1) 

W-side 

black crust Kl) 

colamzttion by org*nt*ms (h) 

• 

1 4 

E-side 

relief KD (-(-Km) 

back weathering Km) 

black crust (-f Km) ( + ,1) 

efflorescences Km) 

granular disintegration Kh) 

flakes (-.1) 

N-side 

relief (+/-.I) 

back weathering (-,1) 

soiling (1) 

black crust (+/-,h) < + ,m) 

efflorescences ( + ,m) 

granular disintegration KD 

colonization by organisms (I) 

W-s ide 

black crust (-.1) { + ,m) 

flakes to scales KD 

colonization by organisms (h) 

Intensities: -slight -f/-moderate •+ severe 

Extension: 1 low {<10 % of the surface); m medium (10-50 % of the surf.); h high (>50 % of the surf.) 

Ref. to fissures and outbursts: number is mentioned instead of extension. 

Table 4.5: 
Aachen Cathedral - pinnacles in the upper part of the Chorus hall Weathering forms with intensities 
and extensions. 



Loose salt efflorescences occur 
especially at the southern and east­
ern parts of the pinnacles. On one 
hand mis may be due to the fact 
that these sides are more protected 
against rain and thus against wash­
ing out, on the other hand it is due 
to the fact that these sides are 
highly affected by direct solar irra­
diation. Thus the direction of 
evaporation and the transportation 
direction of the salts will be orienta­
ted to these sides. 

Compared to the salt efflores­
cences, weathering forms descri­
bing an actual detachment of stone 
material like granular disintegra­
tion, flakes, scales or transitional 
forms between these, occur in a 
similar range of orientations refer­
ring to the pinnacle sides. This 
indicates, that these weathering 
forms probably are highly related to 
the salt load accumulated at these 
sides. 

With respect to protection measures 
for the pinnacles the following 
methods should be taken into 
consideration: 

- careful cleaning, 
- supplementation of lacking parts 

(stone repair), 
- desalting, 
- fixation of detaching stone mate­

rial, 
- impregnation (eg. consolidation). 

It has to be emphasized, that with­
out desalting measures consequent 
measures of fixation or impregna­
tion probably will not be effective. 

[3] FITZNER, B., HEINRICHS, 
K. & KOWNATZKI, R. (1992): 
Classification and mapping of 
weathering forms.- Proceedings of 
the 7th International Congress on 
Deterioration and Conservation of 
Stone, Lisbon, 15.-18.06.1992: 
957-968, Laboratório Nacional de 
Engenharia Civil, Lisbon. 

[4] FITZNER, B., HEINRICHS, 
K„ VOLKER, M. & CAMPOS 
PEREZ, R. (1993): Damage inves­
tigations on natural stone mon­
uments in Minas Gerais/Brazil.-
Proceedings of the International 
RILEM/UNESCO Congress 
"Conservation of Stone and other 
Materials: Research-Industry-
Media", Paris, 29.06.-01.07.1993: 
360-367, E SL FN SPON, London. 

[5] FITZNER, B. & KOWNATZ­
KI, R. (1991): Klassifizierung der 
Verwitterungsformen und Kartie­
rung von Natursteinbauwerken.-
Jahresberichte aus dem For­
schungsprogramm "Steinzerfall -
Steinkonservierung" 1989: 1-13, 
Förderprojekt des Bundesministers 
fur Forschung und Technologie, 
Verlag Ernst & Sohn, Berlin. 
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3.2 Investigation into Petrographical Properties 

B. Fitzner, K. Heinrichs, M. Volker1 

R. Campos Perez, S. Nibaldo Rivas 2 

1 Geologisches Institut der Rheinisch-Westßlischen Technischen Hochschule Aachen, Aachen 
2 Fundação Centro Tecnológico de Minas Gerais, Belo Horizonte 

3.2.1 Introduction 

The petrographical properties of 
natural stones show a large range of 
variation. This is the result of the 
long geological history, which often 
lasts some hundred million years. 
Processes like diagenesis or 
metamorphosis have modified again 
the rnineral composition, stone 
structure and fabric, that had cha­
racterized the stone material in the 
initial state of sedimentation. Using 
natural stone as building material, it 
becomes exposed to weathering 
processes, which can change the 
petrographical properties again. 
Thus - with respect to damage 
diagnoses at monuments made from 
natural stones - the petrographical 
properties of the stones used must 
be analysed precisely. Such analy­
ses are made by means of modern 
laboratory procedures. Reliable 
results on mineral contents, stone 
structure and fabric are required. 
Especially the analysis of porosity 
characteristics supplies very impor­
tant information. 

In a first step the laboratory analy­
ses serve to characterize the petro­
graphical properties of the natural 
stone in unweathered condition. 
Secondly, modifications of the 
petrographical properties due to 
weathering are determined and 
quantified by comparing the results 
for unweathered and weathered 
stone. 

In the following the laboratory 
methods are described, which were 

5 applied for the petrographical 
characterization of the natural 

stones used at those monuments, 
that were selected in the framework 
of the IDEAS-project. 
The results obtained from the 
laboratory analyses are discussed 
and presented by means of examp­
les. When discussing the results 
obtained for weathered stone mate­
rial, it will partly be referred again 
to the weathering damages descri­
bed in chapter 3.1. 

3.2.2 Methodology 

3.2.2.1 X-Ray Powder Diffraction 
(XRD) 

The X-ray powder diffraction 
(XRD) method is based on the 
following principle. Most of the 
stone components - in particular 
minerals - show a crystalline struc­
ture. Due to the interaction between 
X-rays and the atoms in the crystals 
diffraction processes occur, which 
represent the crystalline structure of 
the analysed minerals. These X-ray 
diffractions are registered by means 
of diffraction charts. As each mine­
ral with crystalline structure is 
defined by a characteristic^ diffrac­
tion, the minerals can be clearly, 
identified on the basis of the dif­
fraction chart. 

Thus the X-ray diffraction method 
means a reliable procedure for the 
identification of the mineral 
components in natural stones. It 
means, for example, the most ef­
ficient method for the identification 
of clay minerals [8]. Furthermore, 
neogenic minerals due to weathe­
ring - especially salts - can be iden­

tified. In general only a small 
quantity of stone material is neces­
sary for the X-ray diffraction 
procedure. The small stone samples 
are pulverized for the analysis. The 
X-ray analyses here were made 
with a diffractometer of the type 
"Siemens Kristalloflex D-500". 

3.2.2.2 Light-Optical Microscopy 

The light-optical microscopy at thin 
sections presents the classical 
method of petrographical stone 
analysis. Standard stone thin secti­
ons are prepared with a thickness of 
30 ftm. Stone samples are cut into 
sclices, which then are grinded and 
finally lapped to the 30 jim thick­
ness. Loose or highly porous stones 
have to be impregnated with resin 
before cutting. The sequence of 
different working steps in producti­
on of such standard thin sections is 
described in detail in [8]. Starting 
with the analysis of the thin secti­
ons an appropriate magnification 
has to be choosen in dependence on 
grain size. 

The microscopical analysis of the 
stone thin sections serves for the 

. mineral. identification, the determi­
nation of the modal composition 
and for the characterization of stone 
structure and fabric. For the mine­
ral identification results obtained 
from the X-ray diffraction analysis 
(see 3.2.2.1) are considered. To 
détermine the modal composition 
means to measure the portions of 
the different mineral components. 
By means of the modal composition 
the natural stones can be petrogra-
phically classified according to 
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established standard classifications. 
The characterization of stone struc­
ture and fabric comprises, for 
instance, information on grain size, 
grain morphology, distribution and 
orientation of mineral components, 
as well as on porosity. 
The weathering state of stone 
material can be described according 
to mineral alteration or decomposi­
tion, neogenic minerals or modifi­
cations of the fabric. 
Routinely a photodocumentation of 
characteristical stone features is 
made using special photographical 
devices adjusted to the microscopi­
cal equipment. 

3.2.2,3 Light - Optical Micros­
copy with Image Analysis 

The classical method for investiga­
tions on stone porosity is the mi­
croscopical analysis of thin secti­
ons. The additional application of 
image analysis and computer 
enhancement allows the precise 
quantitative and statistical evaluati­
on of the pore space. The basic 
condition for this procedure is the 
complete visibility of the pore space 
by image analysis. In order to 
achieve this target the pores are 
filled with a coloured resin under 
vacuum and with high pressure. 
This resin becomes fluorescent 
under UV-light in the microscope. 
The lower measuring limit of this 
method is defined by the resolution 
limit of the microscope. Here pores 
with radii down to about 4 /an 
could be recorded. This value may 
vary a little depending on the 
magnification choosen. The micros­
copical analysis in .combination 
with image analysis and computer 
enhancement provides reliable data 
especially on total porosity and 
pore size distributions within the 
range of resolution. 

3.2.2.4 Mercury Porosimetry 

By means of mercury porosimetry -
contrary to all other measuring 
procedures - pores can be measured 

in nearly the whole range of sizes. 
According to the principle of 
mercury intrusion/extrusion depen­
dent on pressure, with commercial 
systems the pores with radii in the 
range from 0.0019 /an up to 
200 /an can be measured. Every 
capillary radius is associated to a 
certain pressure, which has to be 
applied to press mercury into the 
pores. Commercial systems actually 
produce a maximum pressure of 
4000 bar, which corresponds to the 
pore radius of 0.0019 Aim. The 
mercury porosimetry allows the 
reliable measurement or calculation 
of total porosity, intrusion volume, 
bulk density, density, median and 
average pore radius. 

Depending on the intrusion volume 
as a function of pressure the distri­
bution of pore radii can be calcula­
ted additionally. However, due to 
the measuring procedure here the 
radii of pore entries are measured 
and possibly not the real pore radii. 
This requires the comparison with 
pore radii distributions obtained 
from other methods (see chapt. 
3.2.2.3 and 3.2.2.5). 

The applications of the mercury 
porosimetry method are described 
in detail in [1] and [6]. For the 
analyses presented in this report an 
equipment of the type "Micromeri-
ties Autopore II9220" was used. 

3.2.2.5 Nitrogen Sorption Method 

Surface area, volume and radii 
distribution of pores in the radius-
range of 0.001 /an to 0.1 /an can 

-be determined Jby means otsorption 
procedures. The nitrogen-sorption 
is the most frequently applied 
procedure. Here the quantity of 
adsorbed nitrogen molecules is 
measured at a constant temperature 
of -197°C and at a defined pres­
sure. Assuming that this molecules 
form a monolayer and knowing the 
required area of a nitrogen mole­
cule of 0.162 nm 2 the pore surface 
area can be calculated according to 
theBET-theory[2,5]. 

A multi-layer occupation of the 
pore walls due to an increase of the 
nitrogen pressure fills the pores 
with sizes in the range mentioned 
above and thus allows the determi­
nation of the pore volume and the 
pore radii. 

For the analyses presented in this 
report an equipment of the type 
"Micromeritics ASAP 2000" was 
used. 

3.2.2.6 Method for the Combined 
Evaluation of Porosity Data 

Experience concerning porosity 
analysis has shown, that the com­
plex pore space cannot be measured 
by one procedure only. The com­
plexity of the pore space as well as 
the large range of pore sizes require 
the application of various procedu­
res and thus the combined evaluati­
on of the results. Such a method for 
the combined evaluation has been 
established for porosity data obtai­
ned from thin section microscopy/ 
image analysis, mercury porosime­
try and nitrogen sorption method 
[3,4] . 

Pore radii classes have been defined 
resulting from the measuring limits 
of the individual methods respectiv­
ely from the overlapping of the 
measuring ranges. The following 
four radii classes have been defi­
ned: < 0.0019 /mi, 0.0019 - 0.1 
/an, 0.1 - 4 /an, > 4 /an. 

0.0019 /an corresponds to the 
lower measuring limit of mercury 
porosimetry. 0.1 /an corresponds to 
the .upper measuring limit of the 
nitrogen sorption method. 4 /an 
corresponds to the lower measuring 
limit of thin section microscopy/ 
image analysis. 

In the lowest radii class (< 0.0019 
/an) data are obtained only by 
nitrogen sorption method, in the 
second radii class (0.0019 - 0.1 
/an) by nitrogen sorption method 
and mercury porosimetry, in the 
third radii class (0.1 - 4 /mi) only 



by mercury porosimetry and in the 
uppermost radii class (> 4 am) by 
mercury porosimetry and micros­
copy/image analysis. 

For the combined evaluation the 
data obtained by nitrogen sorption 
method in the first and second radii 
class are considered to be real. In 
the uppermost radii class the data 
resulting from microscopy/image 
analysis are considered to be real. 

The real porosity in the third radii 
class is obtained when subtracting 
the porosity from the second radii 
class (by nitrogen sorption) and the 
uppermost class (by image analysis) 
from the total porosity detennined 
by mercury porosimetry. The total 
porosity results from the sum of the 
real porosity proportions in the four 
radii classes. 

In the following presentation of re­
sults (chapter 3.2.3) the pores in 
the four radii classes will be named 
as follows: smallest pores (radii < 
0.0019 /an), very small pores 
(0.0019 - 0.1 um), small pores (0.1 
- 4 um), large pores (> 4 urn). 

3.2.3 Results 

3.2.3.1 Soapstones - Congonhas 

A sampling at the prophet sculptu­
res had to be avoided. Thus it had 
to be tried to find comparable 
soapstone material. The following 
samples of soapstones were collec­
ted: 
- samples coming from pavement, 

facade, portal and balustrade of 
the Sanctuary of Senhor Bom . 
Jesus do Matosinhos, 

- samples taken from building 
stones of ancient buildings 
demolished; the building stones 
were kept on a ground nearby the 
Sanctuary, 

- samples taken from four quarries 
in the surrounding of Congonhas. 

Table 1 presents a list with a selec­
tion of samples that were analysed 
in the laboratory. 

By means of X-ray diffraction the 
mineral composition of all samples 
was qualitatively determined. In all 
samples talc and chlorite could be 
stated as main components. Dolo­
mite was found frequently as addi­
tional component. Magnetite was 
stated in some samples, tremolite 
only in few quarry samples. At 
most of the weathered samples 
goethite was found besides talc and 
chlorite, however, no dolomite. 

By means of thin section microsco­
py the modal composition quantita­
tively was determined. Table 2 
shows the modal composition of 
various samples referring to the 
pore-free stone volume. Most of the 
samples predorninantly consist of 
talc, whereby the content varies 
significantly. Furthermore, all 
samples are characterized by a 
rather high content of chlorite. In 
several samples dolomite was 
found, partly with remarkable 
content. It has to be pointed out, 
that the weathered samples show no 
respectively an extremely low 
content of dolomite, however, 
contrary to the unweathered sam­
ples a remarkable content of Fe-
oxides/-hydroxides. Tremolite was 
found only in some quarry samples. 
Opaque material - in particular ore 
- occurs in all samples, but with 
different content. Comparing un­
weathered and weathered parts of 
the same sample, the content of ore 
is decreased in the weathered part 
of the sample (see table 2, sample 
BS0100001). At some soapstone 
samples a regulated orientation of 
the mineral components was ob­
served. 

Porosity analyses were executed by 
means of thin-section micros­
copy/image analysis, mercury 
porosimetry and nitrogen sorption 
method. Table 3 shows the results 
obtained from mercury porosimetry 
and nitrogen sorption method. 
Fig. la-f presents for six soapstone 
samples the pore radii distributions 
obtained from mercury porosi­
metry. Fig. 2a-c shows for one 
weathered sample a characteristical 
image of the pore space, obtained 

from image analysis, as well as the 
pore radii distributions obtained 
from image analysis and mercury 
porosimetry. 
The results of the porosity analyses 
can be summarized as follows. In 
unweathered state the soapstones 
are characterized by a low total 
porosity of about 2-9 vol.-%, 
whereby the pore space in most 
cases mainly consists of small pores 
(pores with radii in the range of 0.1 
- 4 um). m this range also lies the 
median pore radius of most samp­
les. However, large pores can be 
stated, too, reaching radii of hardly 
100 um. The portion of very small 
and smallest pores in general is 
low. The pore surface area of most 
of the unweathered soapstones is 
low, too. The density of the unwea­
thered soapstones amounts to 
approximately 2,9 g/cm3. For the 
weathered soapstones partly a signi­
ficant increase of porosity was 
determined, mainly arising from an 
increase of pores in the two upper­
most radii classes (0 .1 -4 um, > 4 
um). In sample BS0100001, for 
example, the large pores reach radii 
of 400 um (fig. 2a). Concerning 
this sample the large pores are 
distributed very inhomogeneously 
in the stone. The portion of very 
small and smallest pores in the 
weathered soapstones are slightly 
increased. The pore surface area of 
the weathered samples is increased, 
too. 

In the following the results of the 
laboratory analyses are summarized 
with respect to the weathering state 
recorded at the prophet sculptures. 
The soapstones used at the sculptu­
res show discoloration and relief 
as very characteristical weathering 
forms (compare chapter 3.1.3.1), 
whereby the relief is due to the 
selective weathering of certain 
mineral components. The weathe­
red soapstone samples that have 
been analysed in the laboratory are 
characterized by exactly these 
weathering forms. On the basis of 
the laboratory results, discoloration 
and relief at the soapstones can be 
explained as follows. 



Sample Location of sampling Sample-description 
BS 01 05 001 Sanctuary of Senhor Bom Jesus 

do Matosinhos, main portal of 
the church 

Soapstone, small specimen, 
slightly weathered 

BS 01 15 001 Sanctuary of Senhor Bom Jesus 
do Matosinhos, SE-facade of 
the church 

Soapstone, small specimen, 

unweathered 

BS 01 15 002 Sanctuary of Senhor Bom Jesus 
do Matosinhos, SE-partof the 
balustrade around the church yard 

Soapstone, drill core, 
unweathered 

BS 01 00 001 Sanctuary of Senhor Bom Jesus 
do Matosinhos, pavement of the 
church forecourt 

Soapstone, larger slab with 

weathered and unweathered parts 

S O P 1 Building stone of an ancient 
building demolished; kept on a 
ground nearby the Sanctuary 

Soapstone, large specimen, 
unweathered 

SOP 2 Building stone of an ancient 
building demolished; kept on a 
ground nearby the Sanctuary 

Soapstone, large specimen, 

unweathered 

SOP 3 Building stone of an ancient 
building demolished; kept on a 
ground nearby the Sanctuary 

Soapstone, large specimen, 

unweathered 

Q 01 00 002 Quarry 1 near Congonhas Soapstone, specimen, unweathered 

Q 01 00 003 Quarry 1 near Congonhas Soapstone, specimen, unweathered 

Q 0 1 00 005 Quarry 1 near Congonhas Soapstone, specimen with weathered 
and unweathered parts 

Q 02 00 001 Quarry 2 near Congonhas Soapstone, specimen, 
unweathered 

Q 02 00 002 Quarry 2 near Congonhas Soapstone, specimen, 

weathered 

Q 02 00 006 Quarry 2 near Congonhas Soapstone, specimen with weathered 
and unweathered parts 

Q 03 00 003 Quarry 3 near Congonhas Soapstone, specimen, 
unweathered 

Q 03 00 004 Quarry 3 near Congonhas Soapstone, specimen, 
unweathered 

Q 04 00 001 Quarry 4 near Congonhas Soapstone, specimen, 
unweathered 

Q 04 00 003 Quarry 4 near Congonhas Soapstone, specimen, 
unweathered 

Table 1: Soapstones - Congonhas. List of samples. 



Sample 

Cc 

Talc 

imponente i r 

Chlorite 

i V o l - % refei 

Dolomite 

T i n g to por®-

Tremolite 

•free stone volt 

Fe-oxide/ 
Fe-hydroxide 

ime 

Opaque 
material 

B S 0 1 15002 
unweathered 

59.5 20.9 14.2 — 0.4 5.0 

BS 01 00 001 
unweathered 

BS 01 00 001 
weathered 

58.3 

60.1 

15.5 

26.6 

11.0 

0.3 

0.2 

9.0 

15.0 

4.0 

SOP1 
unweathered 

57.6 19.2 20.4 - — 2,8 

SOP 2 
unweathered 

48.3 18.9 27.6 — 5.2 

SOP 3 
unweathered 

55.8 18.0 18.6 ¡ mmmm. 7.6 

Q 01 00 005 
weathered 

70.2 15.5 —— 9.5 4.8 

Q 03 00 003 
unweathered 

56.8 16.3 10.5 14.7 — 1.7 

Q 0 4 00 001 
unweathered 

64.4 31.2 » - 4.4 

Q 0 4 00 003 
unweathered 

39.2 51.0 — 3.4 — 6.4 

Table 2: Soapstones - Congonhas. Modal composition. Light-optical microscopy. 

I l l 



Hg-Porosimetry N2-sorption 

Sample 
Porosity 

rvoi.-%] 

Density 

Ig -cm" 3 ] 

Bulk 
Density 

[g -cm" 3 ] 

Median 
Pore radius 

Porosity 

tVoI. -%] 

Surface 
Area 

[ m 2 - g " 1 l 

BS 01 05 001 8.0 2.88 2.65 1.8 

BS01 15 001 2.5 2.85 2.78 0 .4 0 .4 0.17 

BS01 15 002 2.2 2.89 2.83 1.3 0.2 0.14 

BS 01 00 001 
unweathered 

BS 01 00 001 
weathered 

3.2 

16.9 

2.87 

2.85 

2.77 

2.37 

0.8 

3.2 

0.3 

0.8 

0.25 

0.87 

SOP1 2.2 2.90 2.83 2,7 0.3 0.19 

SOP 2 3.8 2.89 2.78 3.7 0.3 0 .24 

SOP 3 1.9 2.90 2.85 1.0 0.2 0.19 

Q 01 00 002 3.7 2 .94 2.83 4.8 0.42 

Q 01 00 003 3.1 2.96 2.87 1.9 0.18 

Q 01 00 005 7.3 2.84 2.64 1.8 0.68 

Q 02 00 001 3.8 2.88 2.77 2.6 0.41 

Q 02 00 002 
weathered 

17.6 2.85 2.35 0.3 1.53 

Q 02 00 006 8.4 2.92 2.68 2.5 1.22 

Q 03 00 003 4.8 2.87 2.73 0.1 0.28 

Q 03 00 004 1.9 2.88 2.82 1.1 0.22 

Q 04 00 001 8.7 2.88 2.63 0.1 0.65 

Q 04 00 003 8.2 2.90 2.66 0.1 

Table 3: Soapstones - Congonhas. Density and porosity characteristics. Mercury porosimetry and nitrogen 

sorption. 
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Figure 1 a-f: Soapstones - Congonhas. Pore radii distributions. Mereury porosimetry. 
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Figure 2: Soapstone - Congonhas. Weathered sample BS 0100001. Illustration of pore space by image 
analysis (a) - image width corresponds to approx. 2.7 mm. Pore radii distributions from image analysis 
(b) and mercury porosimetry (c). 
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The mineral components dolomite 
and ore selectively are alterated. In 
the first stage this process results in 
brownish Fe-minerals as neogenic 
alteration products (discoloration) 
and already in an increase of poros­
ity. The alteration products itself 
again are very sensitive to weather­
ing and weather out in course of 
time, which means a further in­
crease of porosity respectively the 
formation of relief as consequent 
weathering form. 

3.2.3.2 Quartzites - Ouro Preto 

At the Inconfidência Museum 
quartzite samples could be taken 
from recently replaced building 
stones. Smaller surface samples in 
the form of loose grainy material or 
scales were taken at the Museum as 
well as at the São Francisco de 
Assis Church. One drill core was 
taken at the Church. Further quart­
zite samples came from the Itaco-
lomi quarry site. Additionally 
samples could be taken from buil­
ding stones that belonged to buil­
dings no more existing today. The 
ancient building stones were kept in 
the yard of the Casa da Baronesa in 
Ouro Preto. Table 4 presents a list 
of the samples that were analysed 
in the laboratory. 

By means of X-ray diffraction the 
mineral composition of all samples 
qualitatively was determined. In all 
samples quartz and mica could be 
stated. Kaolinite occurs in some 
samples, rriainly in the yellowish 
quartzites (samples BQ0325005, 
BQ0315002, BQ0335001, 
BQ0335006). The small .black 
aggregates within some quartzites 
could be identified as hematite. 
Gypsum could be stated in several 
samples, but only in loose stone 
material or at the back side of 
scales (BQ0325005, BQÜ335001, 
BQ0335003, BQ0335006). Most of 
the samples with gypsum are from 
the Sao Francisco de Assis Church. 

By means of thin section microsco­
py the mineral composition quanti­

tatively was deterrnined. Table 5 
shows the modal composition of 
various samples referring to the 
pore-free stone volume. Main 
mineral components of all quart­
zites are quartz and mica - here 
mainly muscovite. However, at the 
analysed samples significant differ­
ences of the proportion quartz to 
mica occur. Heavy minerals and 
opaque minerals (hematite, limo-
nite) occur only subordinately. 

The mica mostly show a clear 
regulated orientation and thus 
create the schistose structure of 
especially those quartzites with 
very high contents of mica. 

Although a metamorphic rock, the 
quartzite partially still shows 
sedimentary structures of the origin 
rock, most likely a clayish sandsto­
ne. 

Porosity analyses were executed by 
means of thin-section micros­
copy/image analysis, mercury 
porosimetry and nitrogen sorption 
method. Table 6 shows the results 
obtained from mercury porosimetry 
and nitrogen sorption method. 
Fig.3 a-f presents for two weath­
ered samples a characteristica! 
image of the pore space, obtained 
from image analysis, as well as the 
pore radii distributions obtained 
from image analysis and mercury 
porosimetry. Table 7 (7.1 and 7.2) 
shows the combined evaluation of 
porosity data obtained from micro­
scopy/image analysis, mercury 
porosimetry and nitrogen sorption 
method. 

.The quartzite samples, which can-
be considered as unweathered, in 
general show very low total porosi­
ties of about 5 to 10 vol.-%. This 
concerns the unweathered quartzites 
independent of colour or grain size. 
The porosity is mainly created by 
pores of the two uppermost radii 
classes (table 7). The large pores in 
the uppermost class hardly reach 
radii of 100 um. At the weathered 
quartzites, however, the total poro­
sity can be significantly higher, up 

to almost 20 voI.-%. The higher 
total porosity results from an in­
crease of porosity in the two 
uppermost radii classes. Maximum 
pore radii of about 200 um are 
reached. Porosity in the lower radii 
classes (smallest resp. very small 
pores) occurs only subordinately in 
the unweathered as well as in the 
weathered quartzites. By means of 
image analysis two main types of 
large pores were observed: net-like 
connected pores around the quartz 
components and straight-lined 
respectively plany pores caused by 
the split-up of mica layers 
(fig. 3a, d). 

Refering to the weathering damages 
at the quartzites - as described in 
chapter 3.1.3.2 - it can be assumed, 
that the regulated orientation of the 
mica and the split-up of such mica 
layers is responsible for the de­
tachment of stone material in the 
form of exfoliation and in many 
cases at least jointly responsible for 
the detachment of flakes and scales 
or transitional forms between these. 
Accumulation of gypsum below the 
stone surface may cause the same 
weathering forms. With respect to 
preservation measures - already 
commented upon in chapter 3.1.3.2 
- the following additional state­
ments can be made. Chemical 
treatments (eg. consolidation) at 
unweathered or only very slightly 
weathered quartzites in order to 
prevent future stone deterioration 
probably won't be very successful 
due to the low porosity and the low 
infiltrability resulting thereof. 
Chemical treatments of strongly-
weathered building stones may be 
effective, as the porosity is increa­
sed in many cases significantly. 
The two types of large pores 
mentioned above have to be consi­
dered when judging or tailoring 
chemical agents for the treatment. 
In case of partial or complete repla­
cement of strongly-damaged buil­
ding stones, quartzites with a very 
high content of mica should be 
avoided as new material. 
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Sample Location of sampling Sample-description 

MIOP-01 Inconfidência Museum Quartzite, white-pale grey, f ine-grained, 
specimen of recently replaced stone 

MlOP-03 Inconfidência Museum Quartzite, white-pale grey, f ine-grained, 
specimen of recently replaced stone 

MIOP-05 Inconfidência Museum Quartzite, yellowish, medium-grained, 
specimen of recently replaced stone 

MIOP-06 Inconfidência Museum Quartzite, white-pale grey, f ine-grained, 
specimen of recently replaced stone 

BQ 03 25 001 Inconfidência Museum, 
back side (SW), moulding below 
window 

Quartzite, yellowish, medium-grained, 
surface sample (scale-spalls) 

BQ 03 25 003 Inconfidência Museum, 
back sideJSW) 

Quartzite, yellowish, medium-grained, 
surface sample (scale, 1 cm thick) 

BQ 03 25 005 Inconfidência Museum, 
back side (SW) 

Quartzite, yellowish, medium-grained 
surface sample (loose material) 

BQ 0 3 1 5 002 Sao Francisco de Assis Church, 
SE-side, base area between portals 

Quartzite, yellowish, medium-grained, 
surface sample (scale, 0.5 cm thick) 

BQ 03 25 008 Sao Francisco de Assis Church, 
back side (SW) 

Quartzite, white-pale grey, f ine-grained, 
drill core, back p a n 

BQ 03 35 001 Sao Francisco de Assis Church, 
NW-side, pilaster left to the portal 

Quartzite, yellowish, coarse-grained, 
surface sample (loose material) 

BQ 03 35 002 Sao Francisco de Assis Church, 
NW-side, pilaster left to the portal 

Quartzite, white-pale grey, medium-grained, 
surface sample (loose material) 

BQ 03 35 003 Sao Francisco de Assis Church, 
NW-side, pilaster left to the portal 

Quartzite, white-pale grey, medium-grained, 
surface sample (scale with dark crust) 

BQ 03 35 006 Sao Francisco de Assis Church, 
NW-side, pilaster at SW-corner 

Quartzite, yellowish, medium-grained, 
surface sample (loose material) 

QQ 03 00 001 a 
QQ 03 00 001 b 

Quarry Itacoloml Quartzite, a= brown-red, b=ye l lowish, 
coarse-grained, specimen 

QQ 03 00 002 Quarry Itacolomi Quartzite, yellowish, coarse-grained, 
specimen 

QQ 03 00 003 Quarry Itacolomi Quartzite, white-pale grey, 
fine- to medium-grained, specimen 

QQ 03 00 004 Quarry Itacolomi Quartzite, white-pale grey, f ine-grained, 
specimen 

QQ 03 00 005 Quarry Itacolomi Quartzite, white-pale grey, fine-grained, 
specimen 

QQ 03 00 006 a 
QQ 03 00 006 b 

Quarry itacolomi Quartzite, a=white-pale grey, b=yel lowish, 
coarse-grained, specimen 

Q U C 1 ancient building stone kept in the 
yard of the Casa da Baronesa 

Quartzite, white-pale grey, coarse-grained, 
specimen 

Q U F 1 ancient building stone kept in the 
yard of the Casa da Baronesa 

Quartzite, white-pale grey, fine-grained, 
specimen 

Table 4: Quartzites - Ouro Preto. List of samples. 
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Sample 

referrii 

quartz 

Comporte 

ig to pore-

mica 

nts in Vol.-
free stone 

heavy 
minerals 

% 
volume 

opaque 
material 

MIOP-01 70.4 23.8 4.6 1.2 

MIOP-03 ' 59.8 36.0 1.6 2.6 

BQ 03 25 001 56,5 42.8 0.4 0.3 

BQ 03 25 003 54.7 42.6 2.4 0.3 

BQ 03 25 008 58.0 37.0 2.6 2.4 

QQ 03 00 001 a 62.4 35.7 1.4 0.5 

QQ 03 00 001 b 72.6 24.7 2.2 0.5 

QQ 03 00 002 70.3 27.5 2.0 0.2 

QQ 03 00 003 64.3 32.2 2.8 0.7 

QQ 03 00 004 63.9 33.3 2.5 0.3 

QQ 03 00 005 72.9 23.0 3.7 0.4 

QQ 03 00 006 a 59.2 38.8 1.8 0.2 

QQ 03 00 006 b 63.7 31.7 4.0 0.6 

QUC1 59.7 34.9 0.8 4.6 

QUF1 69.5 28.6 0.4 1.5 

Table 5: Quartzites - Ouro Preto. Modal composition. 

Light-optical microscopy. 



Hg-Porosimetry N2-sorption 

Sample 
Porosity Density Bulk 

Density 
Median 

Pore radius 
Porosity Surface 

Area I 

[Vol.«%] [g -cnr f 3 ] [g -cm" 3 l l//m] [Vol . -%] 

MIOP 01 6.1 2.71 2.54 1.6 0.1 0 .14 

MIOP 03 5.0 2.72 2.59 0.6 0.1 0.19 

MIOP 05 8.1 2.73 2.51 1.4 0.2 0.23 

MIOP 06 8.9 2.73 2.49 1.0 0.2 0.22 

BQ 0325001 15.6 2.66 2.25 1.6 0.6 0 .54 

BQ 0325003 18.2 2.58 2.11 2.9 0,5 0 .54 

BQ 0325008 9.2 2.72 2.47 1.2 0 .4 0.22 

QQ 0300001 a 18.6 2.70 2.20 3.3 0.5 0.57 

QQ 0300001 b 5.7 2.72 2.57 0.9 0.2 0.22 

QQ 0300002 4.8 2.69 2.56 0.6 0.2 0.31 

QQ 0300003 13.5 2.68 2.32 2.6 0.3 0.22 

QQ 0300004 6.1 2.69 2.53 0.7 0.2 0.16 

QQ 0300005 4.6 2.71 2.59 0.7 0.2 0.13 

QQ 0300006 a 14.6 2.71 2.31 2.3 0.3 0.28 

QQ 0300006 b 12.1 2.68 2.36 2.0 0.6 0.55 

QüC 1 8.4 2.78 2.55 1.2 0.3 0 .24 

QUF 1 6.3 2.73 2.56 1.0 0.3 0.27 

Table 6: Quartzites - Ouro Preto. Density and porosity characteristics. Mercury porosimetry and nitrogen 

sorption. 
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Sample Method Total Porosity in radi l iasses (Vol.-%) 

porosity < 0.0019 0.0019-0.1 0.1-4 > 4 

rvoi.-%) [pm] [pm] rumi Tumi 

MIOP 01 mercury porosimetry 6.1 — 1.1 2.6 2.4 

image analysis 3.0 — — — 3.0 

niirogen-sorptiori 0.1 <0.1 0.1 — — 

combined evaluation 6.1 <0.1 0.1 3.0 3.0 
BQ 0 3 2 5 001 mercury porosimetry 15.6 — 2.3 8.5 4.8 

image analysis 5.0 — — — 5.0 

nitrogen-sorption 0.6 <0.1 0.6 —— — 

combined evaluation 15.6 <0.1 0.6 10.0 5.0 

BQ 03 25 003 mercury porosimetry 18.2 — 3.1 i t 8.5 

image analysis 8.1 — — — 8.1 
nrtTogen-sorption 0.5 <0.1 0.5 — — 

oombined evaluation 18.2 <0.1 0.5 9.6 8.1 
BQ 0 3 2 5 008 mercury porosimetry 9.2 — 1.2 5.2 2.8 

image analysis 4.4 — — — 4.4 

nitrogen-sorption 0.4 <0.1 0.4 — «— 

combined evaluation 9.2 <0.1 0.4 4.4 4.4 
QQ 03 00 001 a mercury porosimetry 18.6 — 1.9 7.1 as 

Image analysis 14.1 — ... • — 14.1 
nitrogen-sorption 0.5 <0.1 0.5 — — 

combined •valuation 18.6 «0.1 4.0 14.1 
GO 03 00 001 b mercury porosimetry 5.7 — 1.3 2.4 2.0 

image analysis 0.5 — — — 0.5 
nitrogen-sorption 0.2 <0.1 0.2 -— — 

combined evaluation 5.7 <0.1 0.2 5.0 0.5 
QQ 03 00 002 mercury porosimetry 4.8 — 1.4 2.1 1.3 

image analysis 0.5 — — — 0.5 
nitrogen-sorption .0.2 . <0.1 0.2 mm* — 

combined evaluation 4.8 <0.1 0.2 4.1 0.5 

Table 7.1: Quartzites - Ouro Preto. Combined evaluation of porosity data determined by mercury 

porosimetry, image analysis and nitrogen sorption. 



Sample Method Total Porosity in radii classes (Voi.-%) 
porosity < 0.0019 0.0019-0.1 0.1-4 >4 

[Vol.-%) fpml Tumi fuml [um] 

QQ 03 00 003 mercury porosimetry 13.5 1.9 5.3 6.3 
image analysis 4.2 — 4.2 
nitrogen-sorptjon 0.3 <0.1 0.3 —— mmm 

combined evaluation 13.5 <0.1 0.3 9.0 4.2 

QQ 03 00 004 mercury porosimetry 6.1 — 1.4 3.2 1.5 
image analysis 4.4 — 4.4 

nitrogen-sorptjon m <0.1 0.2 —— — 

combined evaluation 6.1 <0.1 0.2 1.5 4.4 

QQ 03 00 005 mercury porosimetry 4.6 - 1.4 1.7 1.5 
image analysis 0.8 — — — 0.8 
nitrogen-sorption 0.2 <0.1 0.2 ~— —— 

combined evaluation 4.6 <0.1 0.2 3.6 0.8 

QQ 03 00 006 a mercury porosimetry 14.6 WÊË 1.6 6.9 6.1 
image analysis 4.5 — — — 4.5 
nitrogen-sorption 0.3 <0.1 0.3 _~ —-

combined evaluation 14.6 <0.1 0.3 9.8 4.5 

QQ 03 00 006 b mercury porosimetry 12.1 — 1.7 6.9 3.5 
image analysis 3.9 — — — 3.9 
nitrogen-sorption 0.6 <0.1 0.6 — —-

combined evaluation 12.1 <0.1 0.6 7.6 3.9 

QUO 1 mercury porosimetry 8.4 — 1.0 5.1 2.3 
image analysis 2.7 — — — 2.7 
nitrogen-sorption 0.3 <0.1 0.3 —- —• 

combined evaluation 8.4 <0.1 0.3 5.4 2.7 

QUF1 mercury porosimetry 6.3 1.2 3.4 1.7 
image analysis 0.9 — — — 0.9 
nitrogen-sorption • 0.3 <0.1 0.3 •MM — 
comblnad evaluation 6.3 <0.1 0.3 5.1 0.9 

Table 7.2: Quartzites - Ouro Preto. Combined evaluation of porosity data detennined by mercury 

porosimetry, image analysis and nitrogen sorption. 
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3.2.3.3 Sandstones - Aachen 

As samples of Herzogenrath Sand­
stone three building stones of the 
Aachen Cathedral - in particular the 
Charles Chapel - were available, 
which had been replaced by new 
stone material in the framework of 
recent restoration works. The three 
building stones show a thin black 
crust at the surface. Laboratory 
analyses were executed at the inter­
ior, unweathered part of each buil­
ding stone as well as at outer parts 
with black crust. 

Table 8 shows the modal composi­
tion of the unweathered parts of the 
three building stones. Quartz is the 
main mineral component. Subordi-
nately lithic fragments - here 
mostly in the form of polycrystalli-
ne quartz - were stated. Other 
components like heavy minerals 
and opaque minerals are very rare. 
One sample shows an extremely 
low content of kalifeldspar. App­
lying the petrographical classificati­
on according to [7J, the Herzogen­
rath Sandstone can be classified as 
quartz arenite, which means an 
almost pure quartz sandstone. 

Comparing the three samples, the 
average grain size of quartz varies 
(table 8), but in all it characterizes 
the Herzogenrath Sandstone as 
medium-grained. The quartz grains 
don't show any regulated orienta­
tion. The contacts between the 
individual quartz grains are puncti-
form or concavo-convex. 

For the samples with black crust -
taken from the outer part of the 
three building stones - gypsum was 
determined by means of X-ray 
diffraction as neogenic mineral 
component due to weathering. 

Porosity analyses were executed by 
means of thin-section micros­
copy/image analysis, mercury po­
rosimetry and nitrogen sorption 
method. Table 9 shows the results 
obtained from mercury porosimetry 
and nitrogen sorption method. For 
each of the three investigated bull 

ding stones the results having been 
determined for an unweathered 
sample and a surface sample with 
black crust can be compared. 
Fig.4 a-c shows for a characteristi-
cal unweathered part of one buil­
ding stone an image of the pore 
space, obtained from image analy­
sis, as well as the pore radii distri­
butions obtained from image analy­
sis and mercury porosimetry. 

The Herzogenrath Sandstone is 
characterized by a very high porosi­
ty of about 30 vol.-%. The combi­
ned evaluation of the results obtai­
ned from image analysis and 
mercury porosimetry has shown 
that the pore space consists of 
mostly large pores with large pore 
entries. The pore surface area is 
very low. The pore radii distributi­
on by image analysis - which is 
considered to be realistic referring 
to large pores - shows the main 
peak for pore raddii of about 300 • 
400 fim (fig. 4b). Maximum pore 
radii of almost 600 pm are reached. 
The comparison of unweathered 
samples and corresponding samples 
with thin black crust shows, that 
the encrustation lowers the poros­
ity, although to a slight extent. Fur­
thermore, the encrustation condi­
tions a slight reduction of the pore 
sizes, indicated by the reduction of 
the median pore radius. 

In the following the results of the 
laboratory analyses are summarized 
with respect to the weathering 
forms observed at building stones 
of Herzogenrath Sandstone. The 
Herzogenrath Sandstone used at the 
Charles Chapel of the Aachen 
Cathedral shows black crust and 
granular disintegration as charac-
teristical weathering forms (compa­
re chapter 3.1.3.3). The black 
gypsum crust conditions a decrease 
of porosity at the stone surface and 
thus for sure will modify, for 
example, the water absorption 
behaviour of the sandstone (see 
chapter 3.3). The susceptibility of 
the Herzogenrath Sandstone to 
granular disintegration is related to 
the almost monomineralic composi­

tion, the lack of binding material, 
the high porosity respectively the 
high proportion of large pores. 
These characteristics in all provoke 
a weak grain bond. Thus possibili­
ties of consolidation should be 
considered when discussing preser­
vation measures. 

As samples for the sandstone used 
at the pinnacles in the upper part of 
the Chorus hail of the Aachen 
Cathedral one building stone -
replaced by new stone material in 
the framework of recent restoration 
works - and several smaller surface 
samples in the form of detached 
scales with efflorescences and/or 
subflorescences were available. The 
surface of the building stone was 
covered by a black crust beginning 
to detach. 

hi the lower part of table 8 the 
modal composition of an unweath­
ered part of the building stone is 
presented. Besides quartz as main 
mineral component the following 
components occur: feldspar, clay 
minerals, lithic fragments (clayish, 
quartzitic, polycrystalline quartz), 
mica/chlorite and carbonate. By 
means of X-ray diffraction the 
feldspars were identified as kali-
feldspar and microcline, the clay 
minerals as kaolinite and the carbo­
nate as dolomite. Applying the 
petrographical classification accord­
ing to [7], this sandstone can be 
classified as feldspathic wacke, 
which moreover is carbonatic. The 
average grain size of the quartz 
components characterizes this 
sandstone as fine-grained. The 
quartz components show concavo-
convex or sutured contacts. The 
mineral components don't show any 
regulated orientation. 

By means of X-ray diffraction the 
efflorescences and subflorescences 
of the surface samples were identi­
fied as gypsum (CaSO ) and hexa-
hydrite <MgS04 • 6H 2 0) . For the 
black crust on the building stone 
gypsum was stated, too. 



Sample 
Quartz 

Componen 

Feldspar 

t« in vol. -% 

Ciay 
minerals 

referring to 

Lrthic 
fragments 

pore-free stc 

Mica/ 
chlorite 

ne volume 

Carbonate Others 

Average 
grain size 
of quartz 

Imm) 

Herzogenrath 
sandstone 
20100029 

Herzogenrath 
sandstone 
20100030 

Herzogenrath 
ssndstone 
20140040 

97.7 

98 .3 

92.9 

— 

0.3 

— 

mm 

2.1 

1.7 

6.0 

sat 

m 

0.2 

0.8 

0.32 

0.33 

0.24 

Ssndstons 
used for the 
pinnacles 
20100038 39.1 19.5 22.6 2.7 1.3 14.8 0.12 

Table 8: Sandstones - Aachen. Modal composition. Light-optical microscopy. 

123 



Hg-porosimetry ^ - s o r p t i o n 
Sample 

^ - s o r p t i o n 

Porosity Density Bulk density Median Surface area 

lg«cnr3î Urcm~3j 
pore radius 

lm2.g-1] rvoL-%1 lg«cnr3î Urcm~3j Urn] lm2.g-1] 

Herzogenrath sandstone 

201 00 029-01 33.8 2.72 1.80 32.7 

unweathered 

Herzogenrath sandstone 

201 00 029-02 30.7 2 .64 1.83 27 .0 

w i t h black crust 

Herzogenrath sandstone 

201 00 030-01 31 .4 2.69 1.84 27.7 0.16 

unweathered 

Herzogenrath sandstone 

201 00 030 -02 30.5 2 .63 1.83 25-8 

w i t h black crust 

Herzogenrath sandstone 

201 40 040-01 27.8 2.58 1.86 32 .0 0 .02 

unweathered 

Herzogenrath sandstone 

201 40 040-02 . 27.0 2.61 1.90 31.9 0.36 

w i t h black crust 

Sandstone (Pinnacles) 

201 00 038-01 23.2 2.69 2.07 4.8 0.77 

unweathered 

Sandstone (Pinnacles) 

201 00 038 -02 26.5 2.66 
• 

1.96 5.4 0.77 

w i t h black crust 

Table 9: Sandstones - Aachen. Density and porosity characteristics. Mercury porosimetry and nitrogen sorption. 
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Figure 4: Sandstones - Aachen. Unweathered samples 20140040-01 (a-c, Herzogenrath sandstone) and 
20100038-01 (d-f, sandstone of pinnacles). Illustration of pore space by image analysis (a, d) - image 
width corresponds to approx. 1.7 mm. Pore radii distributions from image analysis (b, e) and mercury 
porosimetry (c, f). 



Porosity analyses were executed at 
two samples taken from the one 
building stone by means of thin-
section microscopy/image analysis, 
mercury porosimetry and nitrogen 
sorption method. The lower part of 
table 9 shows the results obtained 
from mercury porosimetry and 
nitrogen sorption method. The 
results determined for an unweathe­
red sample and a surface sample 
with black crust can be compared. 
Fig.4 d-f shows for a characteristi-
cal unweathered part of the building 
stone an image of the pore space, 
obtained from image analysis, as 
well as the pore radii distributions 
obtained from image analysis and 
mercury porosimetry. 

The sandstone shows a rather high 
porosity. However, compared to 
Herzogenrath Sandstone it is lower. 
The combined evaluation of the 
results obtained from image analy­
sis and mercury porosimetry has 
shown that the pore space predomi­
nantly consists of large pores with 
large or small pore entries. The 
pore radii distribution by image 
analysis shows the main peak for 
pore radii of about 40 - 60 fim 
(fig. 4e). Maximum pore radii of 
about 200 um are reached. How­
ever, contrary to the Herzogenrath 
Sandstone, a remarkable proportion 
of small pores can be stated. 

The values for the pore surface area 
here are higher than those of the 
Herzogenrath Sandstone. 

Comparing the unweathered sample 
and the sample with detaching 
black crust it can be seen, that the 
porosity is increased in.the weathe^ -
red sample (table 9). This increase 
of porosity, however, is not due to 
the crust itself, but is related to a 
zone of loosening below the crust. 
This zone of loosening provokes 
the detachment of the crust. 

In the following the results of the 
laboratory analyses are summarized 
with respect to the weathering state 
recorded at the pinnacles. The 
sandstone used at the pinnacles 

shows various weathering forms 
that are related to the salt load of 
the sandstone (compare chapter 
3.1.3.3). The salts have been iden­
tified as gypsum and hexahydrite. 
The sulfur component of these salts 
are derived from air pollution. The 
dolomite in the sandstone must be 
considered as source of the calcium 
and magnesium components of the 
salts. The sandstone in general 
must be judged as sensitive to 
weathering, in particular to salt 
crystallization processes. This 
sensitivity is related to the pore 
structure of the sandstone. Investi­
gations at various sandstones have 
shown, that those sandstones with a 
sufficient total porosity and signifi­
cant proportions both of large and 
small pores being connected are 
very sensitive to salt weathering 
[3]. The sandstone used at the 
pinnacles shows exactly such poro­
sity characteristics. 
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3.3.1 Introduction 

Humidity transport behaviour of the 
building and sculpture material 
used is important for understanding 
decay factors and for planning 
conservation and restoration mea­
sures. In many ways rain water and 
air humidity affect stone. They play 
an important role in absorption of 
pollutants, in frost and salt pro­
blems, in swelling and shrinking 
processes, as well as in microbio­
logical contamination. 

Investigations can be carried out 
in-field and in the laboratory. Only 
a combined program, however, 
gives a representative knowledge of 
the water and humidity transport 
parameters of a material. 

In-field methods are applied direct­
ly at the monuments. Thus mostly 
non-destructive or at least little 
affecting tests must be preferred. 

For laboratory investigations suffi­
cient sample material is necessary. 
Even though size inhumation of 
samples is the aim of recent alte­
rations in testing methods this 
means in most cases an affection to 
the monument. Thus first informa­
tion on the stone parameters are 
obtained by using either blocks 
from quarries or exchange material 
from the monument and comparable 
buildings. Many parameters may be 
investigated on fresh material as 
well (fig. 1 & 2). Nevertheless, 

originally weathered material in 
small amounts is necessary to con­
firm the results. 

The shapes of samples used for the 
laboratory test methods described 
in 3.3 - 3.6 are either drillcores 
with a diameter from 3 - 5 cm, 
sometimes up to 8 cm, drill core 
slices, prisms or cubes (fig. 3). 

Many test methods explained in the 
following are laid down in the 
standard specifications of the 
German Institute of Standardization 
(DIN). The single test descriptions 
contain the DIN numbers for the 
respective methods and sometimes 
suggestions for slight modifications. 

3.3.2 Methodology of In-Field 
Measurements 

3.3.2.1 Capillary Water Uptake by 
Karsten Tube Method 

By this non-destructive method the 
time dependent water uptake of 
stone or similar materials can be 
determined directly at the monu­
ment. The Karsten tube is fixed to 
the test surface using sanitary 
cement and subsequentely filled 
with destilled water (fig. 4). Then 
the water uptake is measured versus 
time (WENDLER & SNETHLAGE 
1988, 1989). 

The Karsten method is exactly re­
producible and easily to handle. 

Furthermore, the measurement 
itself and the resulting curve give 
very good information on the water 
transport behaviour of the tested 
material (fig. 5 & 6). 

To compare w-values measured by 
the testing tube to those determined 
in the laboratory on sample mater­
ial the results have to be corrected 
with a geometrical factor. By this 
calculation the suction zones of 
both methods become comparable. 
Stone varieties with a very low 
absorbency and hydrophobed areas 
(water uptake up to 0.7 ml/h) do 
not require this correction as the 
penetration depth is negligible. 

The fixation of a Karsten tube 
requires an even surface with a 
minimum size of some 20 cm2. 
Sculptures, decoration elements or 
other delicate works of art do not 
fulfill this precondition. Here the 
water drop method is a good alter­
native to estimate the w-value. 

3.3.2.2 Capillary Water Uptake by 
Water Drop Method 

A water drop of 50 u\ is put on top 
of a horizontal surface either on the 
building or in the laboratory (fig. 
7). The time until the drop disap­
pears is monitored. Regarding the 
parabolic law of water transport, 
the parameter 1/t0-5 should be 
proportional to the w-value assum­
ing that the area of the drop re-
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Fig. 1: Cracks, joints and weath­
ered veins in the soapstone where 
water can enter easily and remain 
long time. 

Fig. 2: Same feature to be invest- Fig. 3: Common sample shapes for 
igated non-destructively at drill laboratory investigations, 
cores. 

Fig. 4: Non-destructive measure­
ment of time-dependent capillary 
water uptake by Karsten tube. 

Fig. 6: Wet circle around Karsten 
tube indicates surface parallel 
water transport. 

Fig. 5: Graphic display of Karsten 
measurements: a: common curve 
that has to be corrected by a 
geometrical factor; b; low water 
uptake up to 0.7 mllh may be eva­
luated directly from curve; c: 
linear curve: surface parallel water 
transport; d: anormal rising water 
uptake (e.g. soluble salts in the 
porespace); c & d are not évalu­
able. 

Fig. 7: Equipment for water drop Fig. 8: Soapstone calibration curve Fig. 9: Water drop measurement 
measurements. for water drop measurements. on surfaces not suitable for Karsten 

measurements. 

Fig. 10: Procedure of w-value 
evaluation in the laboratory. 

Fig. 11: Calculation of w-value. Fig. 12: Determination of water 
accessible porespace under normal 
atmospheric pressure. 

Fig. 13: Equipment for measure­
ment of water vapor diffusion resi­
stance by dry- and wet-cup proce­
dures. 

Fig. 14: Performing of dry- and 
wet-cup measurements in constant 
relative humidity conditions pro­
duced by saturated salt solution. 

Fig. 15: Evaluation of water vapor 
diffusion parameters by a special 
computer program. 

129 



mains constant during soaking 
(HERM et al. in prep.). Of course, 
this cannot be applied if the 
transport pathway is parallel to the 
surface. Furthermore the measured 
time should not remain under 10 s 
(measuring inaccuracy) and not 
exceed 1 h (influence of evapora­
tion), in the field the water drop 
method can not be applied on sun 
heated or dirty surfaces, neither 
during direct insolation or wind. 

By means of a calibration plot using 
material of known w-values 
(fig. 8), w can be approximately 
determined as well on test material 
as on filigree parts like e.g. sculp­
tures with sufficient precision 
(fig. 9). 

3.3.3 Methodology of Laboratory 
Measurements 

3.3.3.1 Capillary Water Uptake 

Samples of known weight are 
soaked with destilled water, mea­
suring the weight gain after distinct 
time intervals (DIN 52617). Either 
the lateral surfaces have to be 
impregnated for water repellency or 
only 1-2 mm of the drillcore may 
dive into the water (fig. 10). Soak­
ing on a wetted sponge is also 
possible. The curve of the area 
dependent water uptake (kg/m2) 
versus sqr (t) is normally linear 
except for the begirining. Thus the 
water uptake coefficient w is calcu­
lated by the slope of the straight 
line (fig. 11): 

w = d W / d t 0 5 

The measurement normally lasts for 
one hour, but has to be stopped if 
wet stains appear on the above race 
of the sample. 

Correspondingly, the penetration 
coefficient B, which describes the 
relationship between intrusion depth 
and time, can be estimated by: 

B - dx / d t 0 5 

x: time dependent capillary rise 
measured during test 

The waterdrop method like presen­
ted in 3.3.2.2 is very useful in 
laboratory investigations as well. 

3.3.3.2 Water Accessible Pore 
Space 

» . 

This method is described in the 
DIN 52103 standard. Samples are 
weighed and stored under destilled 
water either using normal atmo­
spheric pressure, vacuum or over­
pressure conditions (fig. 12). For 
the investigations of project IDEAS 
the water accessible pore space has 
been investigated under normal 
atmospheric pressure. After con­
stant weight is reached the gain is 
measured. The water uptake (Wa) 
and the water accessible pore space 
under atmospheric pressure are 
calculated by: 

Wm,a= Wa / m t f x 100 % 

m : mass of water stored sample 
w,a 

m t f : mass of dry sample 

Wm : water uptake grade 

3.3.3.3 Water Vapor Diffusion 
Parameters 

Water vapor diffusion means the 
migration of water vapor through a 
material e.g. natural stone. In the 
stone pores water vapor always 

• tends - to - diffuse from-places -of 
higher concentration (wet) to such 
of lower (dry). 

For the detennination of the diffu­
sion resistance drillcore slices of a 
known diameter and thickness are 
mounted on special glas dishes in 
such a way, that humidity can only 
pass through the stone slice. 

Two methods are common: dry-cup-
and wet-cup-method (DIN 52615). 

In the dry-cup procedure the dish is 
filled with silica gel, in the wet-cup 
test destilled water is used (fig. 13). 
After weighing the cups are ex­
posed to constant temperature and 
relative humidity, normally 50 % 
r.h. (Kg. 14). Now water vapor 
will migrate through the stone top 
into the interior of the dry-cup ( 0% 
r.h.) leading to weight gain of the 
dishes and out of the wet-cups 
(100% r.h.) here causing weight 
loss. The test is finished when 
constant weight flow rate is 
reached. From determination of 
water vapor permeability (kg/m2) 
the water vapor resistance can be 
calculated (DIN 52615) (fig. 15). 

3.3.3.4 Isothermal Water Vapor 
Absorption 

Under different relative humidities 
the pore space of natural stone is 
filled with variable amounts of 
water. The degree of humidity 
sorption under definite conditions 
becomes obvious by weight changes 
of the sample (DIN 52620, 
KLOPFER, 1974). 
Stone specimen are stored first 
under 15% r.h. and 20°C until 
weight constancy and subsequently 
exposed to gradually increasing 
relative humidities. Based on the 
weight gain a sorption curve can be 
established that gives information 
on pore space parameters. Each 
humidity step has to last until con­
stant weight is reached again. 

Humidity uptake by sorption leads 
to a complete filling of the pores 
smaller 0.1 urn and to formation of 

-water molecule layers onto the 
wails of the larger pores, whereas 
capillary water uptake preferential­
ly fills the larger pores (ca. 0.1 -
100 pm). 

3.3.4 Results 

3.3.4.1 General Remarks 

All objects have been visited se­
veral times by the Working 
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Groups. Based on phenomenologi-
cal survey a measuring plan for 
Karsten tube applications on the 
monuments in question has been 
worked out. 

For laboratory work the following 
sample material has been available: 

Congonhas: soapstone from four 
different quarries in the Congonhas 
region, two pavement blocks (front 
of the Sanctuary) and one driücore 
from the terrace balustrade. 

Ouro Preto: Itacolomi Quartzite 
from the historical quarry at Pico 
do Itacolomi, historical exchange 
material from buildings in Ouro 
Preto and one original drill core 
from the Church of São Francisco de 
Assis. 

Aachen: fresh Herzogenrath Sand­
stone from the quarry and original­
ly weathered exchange material 
from Aachen Cathedral. Sandstone 
of the pinnacles (unknown origin) 
was not available, so no laboratory 
tests have been possible. 

Generally the capillary water 
uptake of the tested soapstone is 
low (only up to 0.2 kg/m 2 h 0 5 ) . 
Weathering processes lead to far 
higher absorbency and values up to 
1.3 kg/m 2 h 0 5 have been observed. 
Laboratory tests for w-value de­
termination have also shown very 
low absorbency rates up to 0.3 
kg/m2 h 0 5 (fig 16). Like in nearly 
all other parameters, the different 
soapstone varieties have shown 

great variations in water transport 
behaviour. 

By application of the water drop 
method on drillcores of already 
determined w-value an equilibration 
curve for soapstone has been estab­
lished (fig. 8), This curve now 
enables to measure the approximate 
absorbency even on small and hard 
to access surfaces. 

W- VALUES OF SOAPSTONE CONGOHAS 

1J3 
IN-FIELD 

"1 0 , 5 

0,1 0 n E Z 3 

lis lib III 
variety 

N 

LABORATORY 

i J 
1 2 3 4 

quarry 
All laboratory investigations have ~ " 
been carried out on drillcores of Fig. 16: Results of in-field and laboratory measurements of capillary 
variing diameters and on drill core water uptake of different soapstonetypes from Congonhas (a: unweath-
slices. ered, b: weathered; 1,2,3 &4; numbers of quarries). 

3.3.4.2 Soapstones - Congonhas 

Considering the different lithologi-
cal types of soapstone used for the 
church and for the prophet sculp­
tures capillary water uptake has 
been determined by Karsten mea­
surements. At the church building 
and the annex several—soapstone 
varieties and weathering states have 
been tested in order to obtain a 
broader knowledge of the range of 
values. On the prophet sculptures 
themselves measurements have only 
been possible on socle areas be­
cause of the size of the Karsten 
tube. Stains of sanitary cement 
applied for tube fixing vanished 
totally after some time and not the 
faintest affection could be noticed 
afterwards. 

10 -
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Fig. 17: Water accessible porespace of the different stonetypes investiga­
ted in the project IDEAS considering the quarry (1,2,3) and the weather­
ing state (w: weathered). 



As expected, the water accessible 
pore space of the tested soapstone 
varieties is low. Only strongly 
weathered samples show higher 
values (fig. 17). 

The characteristics of water vapor 
transport have been investigated 
using both dry-cup and wet-cup 
method. The diffusion resistance 
determined in the dry-cup proce­
dure is by far higher (up to thirty 
times) than that of the wet-cup 
method. This fact shows that under 
dry conditions (0-50% r.h.) the 
tested soapstones are practically 
impermeable for vapor. On the 
other hand in the higher relative 
humidity used for the wet-cup 
method (50-100% r.h.) surface 
diffusion may occure within pores 
smaller 10"6 m (micropores) and 
some tested varieties show a re­
markable distribution maximum in 
this region (see 3.2.3.1). Thus, for 
soapstone the surface diffusion is 
the determining factor of water 
vapor transport. Regarding the 
different soapstone types, there is 
an inverse relationship between 
capillarity and diffusion resistance 
(fig. 18). That means, samples with 
high capillary water absorption 
show faster evaporation after wet­
ting. 

By investigations into isothermal 
absorption under increasing relative 
air humidity conditions a good 
agreement with the pore radius dis­
tribution (see 3.2) is obvious. 
Again big variations of material 
become obvious. Near 100 % r.h. 
the amount of absorbed humidity 
varies extremely between 0.86 and 
0.036 w% just as the-adsoLption 
saturation coefficient with values 
between 0.21 - 0.77. 

3.3.4.3 Itacolomi Quartzite 
Ouro Preto 

At São Francisco de Assis church as 
well different lithological types of 
Itacolomi Quartzite, existing types 
of damage and exposition directions 
have been taken into account select­

ing the Karsten tube measuring 
points. The capillary water uptake 
is substantially influenced by the 
weathering state of the material and 
by the formation of crusts (fig. 19). 
Crusts clearly impede the absor-
bency, whereas weathering leads to 
an augmentation of w-values. 
Finegrained unweathered Itacolomi 
Quartzite shows w-values of around 
0.1 kg/m 2 h 0 5 , while highly weath­
ered material may have a water 
uptake up to 4.7 kg/m 2 h 0 5 . Crusts 

reduce the absorbency to less than 
0.5 k g / m 2 h 0 5 . 

Investigations in the laboratory 
carried out by using soaking and 
waterdrop methods confirmed the 
in-field results showing an extreme 
increase in water absorption for 
highly weathered material and a 
reduction on crusts. 

The water accessible pore space 
grows from 0.3 wt% for fresh 

Capillarity and Diffusion Resistance 
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Fig. 18: Inverse relationship between capillarity and diffusion resistance 
of soapstone types from Congonhas region. 
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Fig. 19: Results of in-field and laboratory measurements of capillary 
water uptake of Itacolomi Quartzite. Measurements take crusts, grain 
sizes, variety and weathering state of the tested stone into consideration. 
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samples to more than 4 wt % for 
highly weathered material and 
shows variations depending on 
grain size (fig. 17). 

Water vapor diffusion resistance 
measured by dry- and wet-cup 
method shows normal values for 
quartzite. Medium grained samples 
are more permeable (p wet: 65-75; 
p dry: 130-145) than finegrained 
(ji wet: 110-130; p dry: 300-500). 
The original crust on the drill core 
of São Francisco de Assis Church 
moderately enlarges permeability 
under wet-cup conditions, but 
impedes remarkably the water 
vapor diffusion in the dry-cup 
procedure (crust: p wet: 110; 
p dry: 350; interior: p wet: 125-
135; p dry: 175-205). Obviously 
crust formation leads to a shift of 
the pore radius distribution towards 
smaller pores, where under higher 
air humidity conditions capillary 
condensation is possible. 

3.3.4,4 Quartzite - Caraca 

Besides plaster coated masonry 
local quartzite is used as building 
stone and for architectonical ele­
ments in Caraca. 

It is a very fmegrained, dense and 
resistant material. On rain exposed 
surfaces it is often covered by black 
biogenic coatings. 

One of the questions to be inves­
tigated within the scope of project 
IDEAS was to assess the degrada­
tion of the quartzite caused by 
microbiological impact. 

Therefore, comparative Karsten 
measurements have been carried 
out. Higher capillar transport into 
the stone interior hints on a loose­
ned surface zone, possibly by the 
destructive influence of microor­
ganisms. The quartzite of Caraca 
shows only very low capillary 
water uptake expressed by w-values 
around 0.1 kg/m2 h 0 5 . Stone sur­
faces with black coatings had an 
enhanced absorbency caused by 

surface parallel water transport. 
This migration mechanism became 
obvious by the linear course of the 
Karsten measurement curve and a 
circular wetted zone around the 
Karsten tube (fig. 6). The results 
show, that water may enter easily 
into the highly absorbent outer 
organogenic coating, but it cannot 
penetrate into the still very dense 
quartzite. Therefore, it has to 
migrate within the black microbio­
logic zone. 

By capillary water absorbency tests 
no indications for a degradational 
impact of the black microbiologic 
COAXINGS TO the building stone of 
Caraca are found. 

3.3.4.5 Herzogenrath Sandstone -
Aachen 

The capillary water absorption 
determined by Karsten pipe mea­
surements directly on the mon­
ument shows close correlation to 
existent crusts. Even visually iden­
tical crusts cause totally different 
absorbency (fig. 20). Also witfjin 
the same block remarkably diffe­
ring uptake values may occur. 
W-values from0.1 to 7.1 kg/m 2 h 0 5 

are common for Herzogenrath 

Sandstones with crusts. Fresh 
material cannot be measured by the 
Karsten method as the absorbency 
is too high. For the same reason 
water-drop tests are impossible on 
this type of stone. 

In the laboratory w-values have 
been determined on drillcores of 

• fresh and exchange material. The 
w-values are extremely high reach­
ing 80-160 kg/rrrV*. Drillcores 
with crusts first show a reduced 
absorption that increases substanti­
ally after penetration of the crust. 

The total water absorption is up to 
13 m % and consequently extreme­
ly high, too. Only strongly silicified 
samples show lower values around 
7-8 m % (fig. 17). 

The values for water vapor perme­
ability are in the range for silicic 
sandstones (pwet: 20-30; p. : 45-
55). Herzogeiuath sandstone has a 
good permeability for water vapor 
under all humidity conditions. 

3.3.4.6 Sandstone of the Pinna­
cles - Aachen 

The average capillary water uptake 
measured by Karsten tubes on the 
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Fig. 20: 5 min. values of capillary water uptake of Herzogenrath Sand­
stone showing different types of crusts determined by Karsten tube mea­
surements. 



pinnacle material of unknown 
origin varies between 2 and 
3.5 kg/m 2 h 0 , 5 . These values are 
influenced by the existence of water 
repellent black crusts. 

Covering the pinnacles with screen­
ing measurements (fig. 21) exposi­
tion and season dependent anormal 
absorbencies have been registered. 
During summer months on shel­
tered parts the water uptake in­
creased progressively. This fact 
hints on soluble salts in the pore-
space which become dissolved 
during the measurement (fig. 5). 

2 m 

1 
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0 10 20 30 40 50 00 

Um® (mit}} 

Fig. 21: Curves ofKarsten screen­
ing measurements on pinnacle 12 
on the roof of the Aachen Cathedral 
showing anormal water uptake 
behaviour that hints on soluble salts 
in the porespace. 

As a consequence of missing test 
material capillary water uptake was 
the only parameter determined on 
the pinnacles concerning the mate­
rial properties. 
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3.4.1 Introduction 

Stone material reacts on varying 
moisture and humidity conditions. 
When a stone is wetted, it swells, 
and shrinking is combined with 
drying. The extent of the hygric 
dilatation is related to the amount 
of certain clay minerals and to the 
internal surface area of the mate­
rial. Repeated swelling and shrin­
king because of rain or varying air 
humidity may lead after some time 
to a weakening of the stone struc­
ture. 

on fresh material as a specific stone 
parameter or on weathered samples 
as an indication of weathering depth 
and efficiency of a protective 
treatment. As sample material 
normally drill cores and drill core 
slices are preferred but other shapes 
of specimen are possible, too. 

3.4.2 Methodology 

3.4.2.1 Dilatation during Water 
Absorption 

Hygric dilatation of fresh material 

Relative Humidity (20°C) 

15%LiCI 85% KBr 

35% MgCI2 86% KHS04 

45 % K 2C0 3 
93% Na2S04 

58% NaBr 98% CuS04 

75% NaCI 

sured by weighing the samples 
before and after the test (modified 
testing procedure with reference to 
DIN 52450). 

The same procedure can also be 
carried out on weathered material 
as a profile measurement versus 
depth of a drillcore sample. The 
drillcores are cut into slices which 
are flattened on opposite sides, and 
the hygric dilatation is measured on 
each slice in vertical position like 
described above. Simultaneously, 
the total water absorption is deter-

Fig. 1: Procedure and equipment Fig. 2: Specific relative humidities Fig. 3: Storage of samples under 
for determination of hygric dilata- produced by saturated salt solu- controlled humidity conditions to 
tion under water. tions. determine isothermal behaviour. 

Dilatation measurements can be 
carried out at the monuments 
themselves or in the laboratory. Till 
today absolutely non-destructive in­
field methods are not at hand. For 
technical reasons all common 
procedures affect the stone materi­
al. For sculptures and exposed 
facades no measuring method can 
be recommended. In the laboratory 
hygric dilatation can be determined 

is measured preferentially on drill-
cores with 5 to 12 cm length and a 
diameter from 2 to 5 cm. The cores 
are axially fixed in a dilatometer 
and allowed to absorb water 
(fig. 1). After complete wetting by 
capillary uptake, the core is stored 
for 48 h under water. The dilatation 
after this time is monitored 
[/xm/m], and simultaneously, the 
water absorption [m-%] is mea-

mined. The procedure is carried out 
twice, parallel and perpendicular to 
the stratification. 

3.4.2.2 Dilatation in Varying 
Humidity Conditions 

The dilatation measurement is 
carried out on fresh samples as a 
function of the air humidity on 
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constant temperature (isotherme): 
The samples are fixed in the dila-
tometer and first stored at 20°C / 
15% r.h. until no further change in 
dilatation can be measured. Then 
humidity is enhanced stepwise by 
means of different saturated salt 
solutions (fig. 2). Dilatation as well 
as the corresponding mass gain is 
monitored (fig. 3). For each parti­
cular humidity condition, a time 
interval of at least two weeks is 
necessary to reach constant values. 

3.4.3 Results 

3.4.3.1 Soapstones - Congonhas 

The different soapstone types vary 
extremely concerning hygric beha­
viour (PLEHWE-LEISEN et al. 
1992). Some types swell to a very 
high extent (3000-4000 umfm), 

others only show very low dilata­
tion rates (from 160 to 300 jun/m) 
(fig. 4). For the prophets no values 
could be measured as in-field 
methods up to now are still affect­
ing. 

3.4.3.2 Itacolomi Quarfceite 
- Ouro Preto 

Itacolomi Quartzite shows moderate 
hygric dilatation values lower than 
1000 pm/m for fresh or medium 
weathered material. Only highly 
weathered samples may show 
enhanced swelling up to 3500 
pm/m (fig. 5). 

These strongly weathered Itacolomi 
Quartzite samples, however, show 
only values up to 625 pm/m in the 
hygroscopic region up to 100% r.h. 
during the isomermal dilatation 
tests. But when immersed into 
water they start to swell considerab­
ly. Furthermore, this type of quart­
zite presents almost no humidity 
uptake and only very little swelling 
up to a humidity range of 80% r.h. 
The described behaviour becomes 
also evident by the saturation coef­
ficient of only 0.017 for 100% r.h. 

3500 

3000 -

2500 -

HYGRIC DILATATION OF SOAPSTONE 
CONGONHAS 

quarry 1 quarry 2 quarry 3 
• • A 

water uptake (wt %) 

Fig. 4: Hygric dilatation of soapstone from Congonhas in relation to 
water uptake. 

HYGRIC DILATATION OF ITACOLOMI QUARTZITE 

OURO PRETO 
3500 

1 

unweathemd wmthmmd highly weathered 
water uptake (wt%) 

Fig. 5: Hygric dilatation of itacolomi Quartzite considering weathering 
state. 

3.4.3.4 Herzogenrath Sandstone 
- Aachen 

The hygric dilatation is very low. 
The values do not exceed 25 /xm/m. 

As shown in 3.2.3.3, no minerals 
susceptible to hygric swelling and 
shrinking processes are present in 
the Herzogenrath Sandstone. Fur­
thermore, caused by high porosity 
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water can be stored in the pore-
space and under normal conditions 
has no structural influence on the 
stone. 

3.4.4 References 

DIN 52450 Testing of inorganic 
non-metallic building material; 
determination of shrinking and 
swelling on small test pieces. 

PLEHWE-LEISEN, E. VON , 
DAVID CASTELLO BRANCO, 
H., WENDLER, E., KLEMM, 
D.D. & SNETHLAGE, R. (1992) 
The Prophets of Aleijadinho in 
Congonhas, Brazil- Considerations 
on a conservation program for 
soapstone. Proc. 7th Intern. Congr. 
on Deterioration and Conservation 
of Stone, 1415-1424. 

Authors of Photos: 
Fig. 1 & 3: Hans Leisen 
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3.5.1 Introduction 

Under the subtropical climate 
conditions in Brazil the thermal 
behaviour may be a deciding risk 
factor for the decay of heat suscep­
tible stones. With the heavy rains, 
as they are common here, too, an 
overlapping and enhancement of 
hygric and thermal load is possible. 

Measuring Points on Prophet Daniel 

Fig. 1: Measuring points on Pro­
phet Daniel for establishment of a 
surface temperature profil. 

Therefore a thunderstorm simula­
tion test has been developed to 
obtain more information on the 
interaction of hygric and thermal 
effects. 

On the other hand in Central Euro­

pean climate like in Germany free­
zing and thawing processes play an 
important role in stone degradation. 

The investigations described below 
had the intention to know the ther­
mal conductibility of soapstone and 
thus to assess the thermal load to 
the prophet sculptures. 

Fig. 2: Non-destructive measure­
ment of surface temperature by a 
thermal sensor. 

Laboratory tests have been carried 
out to have a broader knowledge of 
the thermal characteristics of soap-
stone. Comparable material from a 
quarry near Congonhas has been 
used for the tests. During thunder­
storm experiments two different 

stone varieties have been exposed 
to simulation. 

3.5.2 Methodology of In-Field 
Measurements 

Surface temperature measurements 
may be carried out on a sun-illumi­
nated surface and as a profile of 

A) Rough Density: 
= (2870 ± 20) kg/m3 

B) Pore Space (Hg-Porosimeiry) 
V = 1,24 V-% 

C) Heat Capacity 
c = (880 ± 30) J/kgK 

D) Thermal Conductibility: 
= (9,5 ± 0,6) W/mK 

E) Thermal Diffusity Coefficient: 
D = (3,7 £ 0,3) * 10* m2/s (Lab.) 
D = (3.9 ± 0,5) * 10* mJ/s (Objekt) j 

j F) Thermal Expansion Coefficient: 
aT = (8,0 ± 0,9) * 10 6 K ' i 

! 

i G) Thermal Transition Coefficient: 
aK - 25 W/m'K 
(Stone/Air) 

Fig. 3: Thermal properties of 
soapstone determind in-field and in 
the laboratory 

increasing distance on a perpendicu­
lar shadowed side of a stone block 
as well as on a reference point on 
the opposite side of the sun-
illuminated surface, (fig. 1). Fixed 
meas- uring points have to be 
monitored e.g. by using a surface 
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Surface Temperature Measurement 

30 

25 

20 
6:15 

West Side 4 3 2 
Measuring Points 

East Side 

Fig. 4: Surface temperature development at the measuring points on 
Prophet Daniel determined in the course of a morning. 
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Fig. 5: Thermal propagation determined from surface temperature mea­
surements at the prophet, (x: medium distance covered at time t; D: ther­
mal diffusion coefficient). 

thermal sensor (fig. 2). 

Assuming that there is no loss of 
energy to the air, the surface 
temperature corresponds approxi­
mately to the temperature inside the 
stone. Thus, depth profiles at dif­
ferent times show the propagation 
of the thermal wave during the 
course of time. The thermal diffu­
sion coefficient can be calculated 
from the observed data (WENDLER 
et al. in prep.). 

3.5.3 Methodology of Laboratory 
Measurements 

Prismatic stone samples of different 
length are illuminated with constant 
thermal flux (DIN 52612). Lateral 
surfaces are isolated and the course 
of temperature on the front and rear 
side is measured by a thermo­
couple sensor. Thus thermal con­
duction* ity L and the diffusion 
coefficient D are obtained. D can 
also be calculated by measuring the 
delay of the mermal wave as a 
function of the length. 

Measuring the energy absorption of 
the sample after heating with dif­
ferent flux rates, the thermal trans­
ition coefficient k can be estimated 
as well. 

3.5.4 Results: Soapstones - Con-
gonhas 

Surface temperature monitoring has 
been carried out in the course of a 
day on the base of Prophet Daniel. 
One measuring point was exposed 
to direct insolation whereas the 
others were shadowed (fig. 1). 

Differences in temperature have 
been biggest in the morning hours. 
Later when the surface temperature 
rises up to some 41 °C, the gradient 
is less due to the temperature rise 
of the shadowed parts (fig. 4). The 
thermal diffusion coefficient D has 
been calculated as 3.9 x 10"6 m 2/s 
from the observed data (fig.5). 

By illuminating prismatic samples 
of fresh soapstone with a constant 
thermal flux of 475 W/m2 the ther­
mal conductibility has been deter-
mined (9.5 W/mK) and the thermal 
diffusion coefficient resulting from 
in-field measurements (3.7 x 10"6 

m2/s) has been confirmed (fig. 3). 
Additionally, the thermal dilatation 
has been determined: _, — 7.6 
[pm/m K]. Compared to the hygric 
dilatation (700-1450 pm/m), the 
value seems to be relatively low. 

However, under Brazilian climate 
conditions, a sudden heavy rain 
shower leads to a quick temperature 
drop of some 30 K in the surface 
zone corresponding to a thermal 
contraction of more than 200 pm/m. 
m contrast to the low spreading of 
the hygric load due to the low 
absorbency of the material, the 
propagation of the thermal load is 
rather quick, which means more 
stress to the material. Additionally 
the two dilatation processes act 
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After some Hours of Insolation 

After 10 min Rain 

Stoiw-Oapht Imml 

After 10 min Drying 

Stoo«-0«pht [mm] 

IJurmal Hygric Totality 
Dilatation Dilatation Dilatation 

Boundary Conditions: 20°C; 30% r.h. 

simultaneously in opposite direc­
tions (fig. 6). Knowing the above 
mentioned material characteristics, 
an estimation of the thermal load 
under various building conditions is 
possible. 

With the knowledge of the water 
intrusion coefficient, a calculative 
simulation of the dilatation in a 
wetting drying cycle with additional 
thermal load was carried out 
(fig. 6). It can be clearly recog­
nized that the dilatation shows a 
minimum after 10 min. of rain in a 

depth of some 3 mm. After subse­
quent 10 min. of drying, a max­
imum is found in some 2 mm depth. 
Thus, the surface region is subject to 
rapid changes in dilatation during 
wetting and drying. These changes 
are amplified by the combination of 
thermal and hygric dilatation. 

By overlapping of hygric and 
thermal effects high shearing stress 
can be generated between zones of 
different depth, as described in the 
following. 

Fig. 6: Distribution of thermal-
hygric dilatation versus depth 
determined by a simulation calcula­
tion using wetting-drying cycles 
with combined thermal load. 

3.5.5 Investigation into Combined 
Hygric and Thermal Stress on 
Soapstone Material 

The results above have been used to 
design appropriate conditions for 
accelerated weathering tests on 
soapstone material by thunderstorm 
simulation. Applying simulation 
models on the measured results it 
has been calculated that a zone in 
2-3 mm depth always acts contrary 
to its neighbouring zones as well 
during wetting as during drying. 
This behaviour leads to high shear-
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Fig. 7: Theoretical setup of thunderstorm simulation chamber. 

ing forces in the upper millimetres 
of the stone. 

The testing method of the thunder­
storm simulation experiment is the 
following (fig. 7): Driilcores of 
15 mm diameter heated up to 45 °C 
are flooded during ca. 2 min. with 
destined water of 20°C. After 1 h 
the water is let out again and 11 h of 
drying at 45 °C follow. The beha­
viour of the samples is controlled by 
dilatometer measurements. To 
exclude the thermal dilatation varia­
tions of the dilatometer itself refer­
ence measurements with materials 
of known dilatations are made. 

Investigations on soapstone material 
with low hygric dilatation values 
only showed very little irreversible 
alteration after 60 cycles. Using 
material with high rates of hygric 
dilatation, however, the level of the 
zero line moved upward from cycle 
to cycle even though the absolute 
extent of dilatation remained con­
stant. Obviously a plastic deforma­
tion (flow) of the material occurs 
due to combined hygric and thermal 
load. Flaking could be observed 
after some 20 cycles thus enhancing 
the surface roughness. 

3.5.6 References 

DIN 52612: Testing of thermal 
insulating materials; determination 
of thermal conductivity by the 
guarded hot plate apparatus; test 
procedure and evaluation of results. 

WENDLER, E., PLEHWE-LEI-
SEN, E. VON & WORCH, A. (in 
prep.) Investigations concerning 
thermal stress on soapstone mater­
ial. 

Authors of Photos 
Fig. 2: H. Leisen 
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3.6.1 Introduction 

Mechanical properties like the 
cohesion of the minerals and the 
strength of a material as well as its 
flexibility are not only characteris­
tic stone parameters but also give 
an information on its deterioration 
state. Many weathering processes 
are followed by a loss of strength. 
On the other hand solidified zones 
like siliceous crusts may form on 
the stone surface. Therefore, 
strength profiles are good means to 
determine the degree of material 
alteration versus depth. 

Again in-field and laboratory tests 
exist. The two in-field methods de­
scribed below do not belong to the 
non-destructive methods. But they 
only very moderately affect the 
stone. The rebound hardness meas­
urement by means of a Schmidt 
Hammer implies a mechanical load 
that may cause small structural 
alterations within the nearest neigh­
bourhood of the impact. This 
method should not be used on very 
sensitive or valuable monuments or 
on stones, where scaling is visible 
or expectable. The drilling resis­
tance measurement is a new method 
only developed during the last five 
years. It allows an estimation of a 
highly resoluted strength profile 
directly on the object, leaving only 
a hole of 2 mm in diameter. Used 
on building parts this method 
combines a high efficiency with a 
negligible affection to the material. 
The resolution of this method is 

very high. 

In comparison to the in-field me­
thods the determination of the biax­
ial flexural strength in the laboratory 
requires specimen. First investiga­
tions can be made by use of quarry 
or exchange material. But the results 
have to be proved by testing original 
samples. This of course is destruc­
tive. On the other hand for determi­
nation of other stone properties dril­
ling of original cores is necessary 
anyway. Consequently, after termi­
nation of these tests the mechanical 
parameters can be measured, too. 
Furthermore, none of the other two 
methods allows the determination of 
the E-Modulus. And last not least, 
drill core profiles are very useful for 
conservation tests. 

3,6.2 Methodology of In-Field 
Measurements 

3.6.2.1 Rebound Hardness 

In this method the rebound hard­
ness that correlates to the compres­
sive strength of a material is tested 
by the use of a Schmidt Hammer. A 
plunger is pressed against the test 
surface. By means of a spring a 
percussion weight strikes against the 
plunger. The weight rebounds a 
certain distance that is indicated by 
a scale. The relationship of test 
hammer reading and compressive 
strength can be deterrnined by a 
calibration diagram. 

3.6.2.2 Drilling Resistance 

A drilling engine with a very pre­
cise power supply is fixed to the 
building on three distinct points, 
supported by a tripod (fig. 1 - 3 ) . 
The driller is loaded with a constant 
force to the wall. The drill progress 
is monitored versus time by means 
of a x-t-writer . Thus, the drilling 
resistance can be graphically evalua­
ted from the slope dt/dx [sec/mm] in 
each particular depth (LEONHARD 
& KIESSL 1990) . 

Calibrating in the laboratory with 
materials of known strength, a high-
resoluted ( ± 1 mm) strength profile 
is obtained. Additionally, the drill 
powder can be used for chemical 
analysis of soluble salts. This 
method is also very useful in detect­
ing scales behind the stone surface. 

3.6.3 Methodology of Laboratory 
Measurements 

3.6.3.1 Biaxial Flexural Strength 
- Static E-Modulus 

For this test drill core slices of a 
diameter between 8 and 5 mm are 
needed. Fresh and treated material 
can be used (SATTLER & 
SNETHLAGE 1988). Profile 
measurements are possible by use 
of a sliced drill core. The depth 
resolution is not higher than 5 mm. 
However, frequently the alterations 
due to weathering are in the outer-



Fig. 1: Measurement of drilling Fig. 2: Strength Profile determined Fig. 3: Formation of scales is a 
resistance with simultaneous mon- by drill resistance measurements at very common degradation of the 
itoring of drilling progress versus Itacolomi Quartzite of São Francisco Itacolomi Quartzite in Ouro Preto, 
time by a x-t-writer. The driller de Assis Church showing scale Under these scales microorganisms 
may be mounted on a tripod. formation. are to be found. 

Fig. 4: Measurement of biaxial Fig. 5: Computer print of biaxial 
flexural strength flexural strength measurement. 

Fig. 7: Black organogenic coatings 
on quartzite at the portal of Caraça 
church, which change the esthetical 
impression of the building. 

Fig. 8: Curves of comparitive dril­
ling resistance measurements at 
quartzite with and without microbio­
logical contamination in Caraga. 

Fig. 6: Drillcore slice broken by 
biaxial strength measurement. 

Fig. 9: Caraca Quartzites covered 
by microbiological colonization. 
Areas with a high moisture impact 
are preferentially contaminated. 

most part (< 5 mm), so they 
cannot be dissolved by this method. 
The biaxial flexural strength of drill 
core slices is measured by concen-
trical ly induced stress until fracture 
of the sample (WITTMAN & PRIM 
1983). As in this procedure the 

bending of the slice is monitored 
(fig. 4 - 6) it is possible to calculate 
the static elasticity modulus (E-
Modulus). It is a very high advan­
tage of the method that combined 
information is obtained on strength 
as well as on elasticity parameters. 

3.6.4 Results 

3.6.4.1 Soapstones - Congonhas 

The measurements of biaxial flexu­
ral strength have confirmed the 
extreme variation of the different 
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soapstone materials even from the 
same quarry. Values from 3.5 up to 
15 N/mm2 have been measured and 
corresponding E-Moduli lie be­
tween 8.000 and 35.000 N/mm2.' 
One sample even shows E-Moduli 
up to 60.000 N/mm 2 (fig. 10). This 
sample has the lowest hygric dilata­
tion values, too. 

3.6.4.2 Itacolomi Quartzite 
- Ouro Preto 

As Itacolomi Quartzite tends to 
form scales at São Francisco de 
Assis Church drilling resistance 
measurement were carried out on 
the W- and on the E-side of the 
church (fig. 3 & 4). By the high 
resolution of this method three 
different types of curves can be 
distinguished. Blocks without scal­
ing show a loosened surface zone 
of ca. 1 mm. Stones with no visible 
scaling may have scales, too. 
Measurements lateral on scales near 
to the scale margin show no enlar­
gement of Dril l ing resistance but a 
much deeper zone of weakness (up 
to 5 mm) thus presenting a re-
loosening of the formerly solidified 
crust. Thickness of the scales is 
between 1.5 - 2.5 mm (all values 
+/- lram). 

Furthermore, exposition dependent 
differences are obvious. On the W-
side of the church the measured 
drilling resistances are generally 
lower than in E-exposition. While 
on the Western blocks only values 
up to 3 occur, the Eastern side 
shows resistances from 4-5. This 
observation corresponds ~xo the 
better preservation state of the stone 
elements on this side of the church. 

Additionally, rebound hardness of 
Itacolomi Quartzite was determined 
by use of the Schmidt Hammer. 
Here coarse grained quartzites 
show lower values than the fine 
grained. Furthermore, it could be 
demonstrated, that silicified crusts 
are solidified outer zones with a 
higher rebound hardness. 

E-MODULUS AND BIAXIAL FLEXURAL STRENGTH 

10 

s -

00000 

40000 

20000 

SOAPSTONE ITACOLOMI QUARTZITE HERZOGENRATH SANDSTONE 

f7l BWOALFIMJMLSMBIQJH giS ********* 

Fig. 10: Comparison ofE-moduli and biaxial flexural strength of stones 
tested in IDEAS project. 

The biaxial strength of Itacolomi 
Quartzite measured in the labora­
tory depends above all on the grain 
size and the weathering state of the 
stone. It varies between 1.5 N/mm2 

for coarse grained and 3.7-4 
N/mm2 for medium to 6-8 N/mm2 

for fine grained varieties. The E-
Moduli show values from 6000 to 
12000 N/mm2 (fig. 10), 

3.6.4.3 Quartzite - Caraca 

In Caraça a very abundant micro­
flora is to be found (fig. 7 & 9). The 
risk potential of biologic contamina­
tion is dependent on the type of 
microorganisms and on the charac-

4eristics.ofJhe .stone. ... -

To have more information on the 
damaging effect of this specific 

colonization on the quartzite of 
Caraca drill resistance measure­
ments were carried out on neigh­
bouring points with and without 
black organogenic coloring. 

AH measurements showed compar­
able curves (fig. 8). After a thin 

weathered surface zone (ca. 1 mm) 
the drill resistance of fresh material 
was reached almost immediately. 
The local quartzite as a very hard 
stone reached high drilling resis­
tance values up to 11. 

Like the water uptake measurements 
in Caraca the drilling resistance tests 
did not yield any hints at a deteriora­
ting effect of the existing microbio­
logic colonization on the quartzite. 

3.6.4.4 Herzogenrath Sandstone 
- Aachen 

The mechanical properties of the 
Herzogenrath Sandstone have been 
measured in the laboratory deter­
mining the biaxial flexural strength. 
Values are low from 1.4 to 2.7 
N/mm2 , E-Moduli lie between 6000 
and 9600 N/mm2 (fig. 10). 

3.6.5 References 
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3,7.1 Introduction 

The weathering of natural stone, in 
the form of erosion, metamor­
phosis, mineralisation, destruction 
or decay, is described through the 
combined effects of physical, 
chemical and biological influences. 
The importance of biodeterioration 
within the alteration and deteriora­
tion of stone has often been under­
estimated and subordinated to 
physical-chemical processes. In the 
course of recent investigations, 
however, the essential role of 
biodeterioration has been accentua­
ted and described in many cases as 
reviewed by May et al. (1993). 
Whether as single or catalytic 
enhancing factor, microorganisms, 
like algae, cyanobacteria, lichens, 
fungi and bacteria, influence and 
affect the complex interrelationship 
between physical and chemical 
factors due to their growth and 
metabolic activity. In this way, 
biodeterioration processes cause 
alterations in the pore size distribu­
tion of stones, the enlargement of 
present cracks and fissures, changes 
in material moisture circulation, the 
discolouration of stone surfaces and 
finally the acidolytic and oxido-
reductive corrosion and consequent 
weakening and deterioration of 
mineral structures (Griffin et al., 
1991; Warscheid and Krumbein, 
1994). 

Biodeterioration is coupled with 
other environmentally induced 
degradation processes: the presence 
of the one makes deterioration by 
the other all the more effective. 

Based on these considerations 
biodeterioration might be basically 
a secondary degradation process 
initiated by the resulting effects of 
previous deteriorating agents leav­
ing rough adhesive stone surfaces 
for microbial colonization or lead­
ing to the deposition of inorganic 
and organic matter as nutrient basis 

The transformation of all rocks on 
the earth crust is mechanically 
achieved more effective by biologi­
cal controls of all physico-chemi­
cal processes on the surface of the 
earth." 

(Vernadsky: "La Biosphère", 1929) 

for the settling microflora (Griffin 
et al., 1991). In contrast, recent 
investigations on the phenomena of 
surface-covering biofilms have 
shown that even in the early stages 
of material exposure, primary 
biodeteriorating effects could be 
proved (De la Torre et al., 1991; 
Warscheid et al., 1991). This 
impaires not only the aesthetic 
appearance of an object, but also 

-leads to a -mechanical stress on the 
mineral structure by shririking and 
swelling motions of biogenic slimes 
inside the pore system, the alter­
ation of moisture circulation into 
the stone material as well as the 
accelerated accumulation of atmos­
pheric pollutants (Wittenburg, 
1994). Due to this fact, microbial-
contamination acts as a preliminary 
precursor for the latter formation of 
detrimental crusts on rock surfaces 
(Warscheid and Krumbein, 1994). 

The microflora of inorganic mater­
ials represents a complex ecosystem 
which develops in various ways 
depending on the geographical and 
accompanying climatic conditions, 
the presence of inorganic and/or 
organic air particles as well as the 
physico-chemical properties of the 
material in question (Krumbein, 
1972, Warscheid et al., 1993). In 
the main, the following groups of 
microorganisms in varying compo­
sition and species dominance can be 
determined: 

- Photolithoautotrophic microor­
ganisms, such as algae and 
cyanobacteria, which use sunlight 
as energy source for growth and 
release oxygen during the photo-
synthetic process. Their carbon 
requirements are met by the 
fixation of COL from the atmos­
phere (Ortega-Calvo et al., 1991) 

- Lichens form a self-sufficient, 
symbiontic association, consist­
ing of a fungus (Mycobiont) and 
algae or cyanobacteria (Phyco-
biont), i.e. a uniform vegetative-
body. The more dominant fungus 
takes organic nutrients from the 
photosynthetic active algae, in 

-return, the fungus supplies the 
algae with minerals leached from 
the stone by hyphae pushing deep 
into the material and excreting 
corrosive lichenic acids. The 
fungus additionally protects the 
algae from harmful influences, 
such as dessication (Nimis et al., 
1992) 

- Chemolithoautotrophic bacteria, 
which use inorganic hydrogen 
"donators" (NH 4, N 0 2 , ILS, 
thiosulfate or elementary sulphur 
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S°) and are capable of producing 
energy from their oxidation. This 
results in the release of nitrous 
acids (Mtrosomonas), nitric acid 
(Nitrobacter) or sulphuric acid 
(Thiobacillus). The chemolitho-
trophic microorganisms are able 
to incorporate carbon by C 0 2 

fixation. A few bacteria of this 
group are also capable of grow­
ing mixotropbically, by assimila­
ting organic nutrients for the 
formation of cell substance 
(chemo-lithomixotroph) (Sand 
and Bock, 1991). 

- Chcmoorganotrophic bacteria and 
fungi whose energy supply is 
based on the oxidation of organic 
substrates (hydrogen donators). 
In some cases, these microorgan­
isms are also capable of produ­
cing energy from the oxidation of 
metal cations such as Fe2"1" or 
M n 2 + . Autotrophic C02-fixation 
in this case covers carbon re­
quirements. (Lewis et al., 1986; 
Warscheid, 1990; Braams, 
1992). 

While the first three groups men­
tioned above have often been de­
scribed in association with the 
damage of inorganic materials, 
more recent studies emphasize the 
dissemination and ecophysiological 
significance of chemoorganotrophic 
bacteria and fungi in primary 
microbial colonisation and the 
resulting damage to inorganic 
materials. This has largely been 
underestimated so far (May et al., 
1993). Due to their flexible nutri­
tional requirements, as well as the 
ability to form a penetrating, slimy 
"biofilm" to cover the surface of 
the "host" material, chemoorgano- -
trophic microorgonisms are able in 
turn to deal effectively with (i) 
temperature- and humidity fluctua­
tions, (ii) ionic-osmotic distur­
bances and (iii) nutrition shortages 
due to expositional circumstances 
(Warscheid, 1990; Warscheid et 
al., 1991; Braams, 1992). In many 
cases, the growth of a prototrophic 
and/or chemoorganotrophic micro­
flora on natural stone surfaces 
signifies the preparatory material 

conditioning for the subsequent 
colonisation by chemolithotrophic 
nitrificants (Warscheid et al., 
1993). The climax of this develop­
ment is characterised by the forma­
tion of a highly complex microbial 
ecosystem. 

The biogenic release of corrosive 
acids probably belongs to the most 
well-known and most investigated 
biogeochemical destructive mecha­
nism on inorganic materials. This 
process, known as "biocorrosion", 
results from the release of inorganic 
and organic acids (acidolysis re­
spectively complexolysis). Then a 
weakening of the mineral matrix of 
certain spots in the materials' 
compound structure takes place 
(Griffin et al., 1991; May et al., 
1993). As a result, these biogeo­
chemical destructive processes can 
lead to localized pitting or even to 
large scale sanding and peeling 
away of the material (Krumbein, 
1988). 

Acidolytical processes (proton-
cation-exchange) can be traced back 
to the activity of chemolithotrophic 
microorganisms, such as nitric and 
sulphuric acid-forming bacteria. 
Due to their specific humidity- and 
nutritional needs, their damaging 
influence is often seen on "func­
tional'' constructions exposed to 
relatively warm and humid condi­
tions, such as cooling towers and 
drainage systems as well as suitably 
exposed buildings in subtropical 
climates, such as Brazil. Its poten­
tially damaging behaviour on 
materials such as concrete, mortar 
and brick could be quantified in 
suitable simulation chambers by the 
determination of rates of corrosion 
(Bock and Sand, 1993). Under 
conditions favourable for their 
growth, nitrifying bacteria have 
also been found on natural stone 
buildings yet were only of conse­
quence in certain places, compared 
to the faster growing heterotrophic 
microflora (May et al., 1993, 
Warscheid et al., 1993). Contrary 
to the results of some earlier 
microbiological investigations on 

sand- and limestone (Pochon and 
Jaton, 1968), investigations recent­
ly carried out in Germany have not 
been able to identify any sulphuric 
acid forming bacteria on natural 
stone buildings (Bock and Krum­
bein, 1989). 

Apart from the release of CO, 
(carbonic acid production), which 
is dependent on respiration, the 
biocorrosion of chemoorganotro­
phic microorganisms, including 
lichens, is characterised by the 
release of organic carbon acid, such 
as oxalic acid, citric acid, gluconic 
acid, glyoxyl acid and oxalic acetic 
acid (Lewis et al., 1988; War­
scheid, 1990; Braams, 1992). Apart 
from corrosion, some of these acids 
are also capable to form organo-
metal-complexes, e.g. by chelating 
of cations (Ca 2 + , F e * \ M n n + , 
Mg* +) and, through their removal 
from the solution equilibrium, 
cause considerably greater corro­
sive damage to the effected material 
than inorganic complexes (Raz-
zaghe and Robert, 1979). 

Another important biogeochemical 
damaging process, which can often 
be observed on natural stone, is 
caused by various chemoorganotro­
phic bacteria and fungi which are 
able to mobilise, transport and 
oxidatively release iron and manga­
nese. In this process, mineral-
binding cations are mobilised from 
their structural compound in the 
stone-forming mineral by biogenic 
corrosive processes. Through the 
immobilisation of the cations, a 
constant concentration-gradient and 
leaching process is maintained and 
-the decomposing process is thus 
accelerated. After biogenic oxida­
tion of the accumulated metal 
cations, the resulting oxides are 
often deposited on the cell-surface 
of the microorganisms themselves, 
commonly in association with 
active algae and cyanobacteria 
producing oxygen through photo­
synthesis. In this way local material 
impoverishment or enrichment 
takes place, leading to compressing 
and thus an alteration in the mate-



rials strength (Krumbein and Peter­
sen, 1987). 

In the course of time and depending 
on their exposure to environmental 
influences as well as anthropogenic 
pollution, inorganic materials are 
susceptible to structural and mate­
rial changes in their surface areas 
and/or upper layers. Due to che­
mically induced material and struc­
tural changes in the materials' 
surface, crusts (cristalline: "protec­
tive crusts") and incrustations 
(cristalline-amorph: "inner crusts") 
are formed (Krumbein and War-
scheid, 1991). 

The formation of these "crusts" are 
founded on the deposition of gases 
(S0 2 , NO x , C0 2 ) , organic com-
pounts, iron oxides and hydroxides, 
as well as other -particular sub­
stances, such as dust, soot, metal 
and rubber particles (Wittenburg, 
1994). From a structural-physical 
standpoint, material (damp absorp­
tion, damp diffusion, capillary 
action and warm/humid expansion), 
climatic (out-/in door climate) and 
expositionally (geometry, water 
conduct) - stipulated factors have an 
effect on changing humidity beha­
viour and the crust formation of 
natural stone. Darkly-coloured 
crusts on the natural stone of build­
ings and monuments accelerate the 
weakening of the structural matrix 
of the material due to an increase in 
heat uptake, an alteration in the 
thermal-hygric (i.e temperature/ 
humidity controlled) expansion 
behaviour, as well as a moisture-
conserving capacity. As a result, 
superficially concentrated harden­
ing (mineralphase changes), peeling, 
of the stone surface layers (changes 
in the material profile) and "stress", 
as well as sanding below the stone 
shales (loss of cohesives, crystalli­
zation pressure, frost-thaw-cycling) 
occur (KieBletal., 1989). 

In the course of crust-formation, 
the stone microflora intervenes in 
different accelerative and catalytic 

1 ways: through biogenic colouring, 
the stone surface is initially subject 

of detrimental aesthetic effects 
(Urzi et al., 1992). In connection 
with this, the capacity for heat 
uptake of the material in question 
has already been altered (KieBl et 
al., 1992). Alongside the enrich­
ment of chlorophyll by cyanobac-
teria and green algae, as well as 
their by-products, in a high concen­
tration of brown-black, i. e. phaeo-
phytin, a series of other biogenic 
pigments also contribute to colour 
changes of the exposed material 
surfaces. These can be amongst 
others phycobiliproteins, carotine 
and bacterial pigments, products of 
biogenic iron- and manganese 
oxidation by fungi (see above) 
(Urzietal., 1992). 

Apart from pigment changes, bio-
films on the surfaces of inorganic 
materials can result in changes 
concerning water-vapour diffusion 
of the material in question and, in 
correlation with the release of 
surface-active substances, in a 
change in the capilliary water 
uptake (Warscheid et al., 1991). 
Due to contraction and swelling of 
biofilms containing carbohydrates 
and proteins, but also due to the 
boring activity of fungal and liche-
nic hyphaes which penetrate the 
substrate, a mechanical pressure is 
put on the structure of the mineral 
compound. 

These biogeophysical influences 
increase other structurally damag­
ing processes mentioned above, 
such as frost-thaw cycling, or cry­
stallization pressure on the salts 
enriched in the material, which can 
also be of biocorrosive origin. In 
addition, 4he absorption of. harmful 
gases from the atmosphere seems to 
be increased by the surface-near 
biofilms (Wittenburg, 1994). In this 
way, biogenic processes accelerate 
the reaction-rate of primarily 
chemically or even biogeochemical-
ly-induced corrosive processes on 
the material surface, and in conse­
quence, also the crust-formation 
(Krumbein and Petersen, 1987). 

Biogenically determined weathering 

phenomena on stones are primarily 
dependent on the availability of 
water. Thus material-specific 
parameters, like porosity and 
permeability, architectural condi­
tions as well as the exposition and 
environmental factors of the object 
site will influence the intensity of 
biodeterioration processes. Only the 
complete analyses of these causes 
and operational relations will 
provide an essential basis for the 
evaluation of the biological contri­
bution to different cases of stone 
deterioration. This basis is urgently 
needed for developing practical and 
adaquate counter-measures. In ex­
treme cases, further control of 
biodeterioration processes might be 
necessary. Therefore, the develop­
ment and selection of effective and 
environmentally-friendly inorganic 
and organic biocidal additives for 
stone-protective chemicals as well 
as the use of toxic gases (e.g. 
ethylenoxide) will be of far-reach­
ing significance for future material 
research (Warscheid and Krumbein, 
1993). 

Restorative and protective measures 
towards the materials in question 
can, in cases where microbial ef­
fects have been ignored or miscal­
culated, be of a very short-term 
nature or even lead to an increase 
in the material decay and to further 
biodeteriorative processes. 

One example for this is seen with 
the use of high-pressure water 
cleaning on stone surfaces, which 
gives temporary relief from infec­
tion, but often leads in the long run 
to much greater microflora! coloni­
sation due to the added dampness 
and humidity (Warscheid et al., 
1988). 

Organo-silanes are used on inorga­
nic materials as a hydrophobic and 
stabilising prophylactic, resulting in 
a reduction of the humidity input. 
In this way the nutritional supply 
for microorganisms is hindered, as 
well as the transport of soluble salts 
in the material structure. In prac­
tice, however, such protective 
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measures seldomly show any long-
term effects (May et al., 1993). 
The damaging effect of UV-rays as 
well as microbial attack play an 
important role here. Fungi clearly 
grow on the stone which has been 
impregnated with protective agents. 
During the process, they cause the 
loss of hydrophobia! effects, even if 
not proven decomposition of the 
polymers due to the formation of a 
surficial biofilm (Leznicka et al., 
1991). 

In the forefront of continued 
measures for controlling and con­
taining microflora on inorganic 
materials it is first necessary to 
guarantee and retain suitable tem­
perature and humidity conditions. 
After assessing the microbial 
damage potential the application of 
protective agents should be carried 
out with respect to the prevailing 
conditions of the object. In many 
cases, the development and selec­
tion of microbiologically-resistant 
stone protecting agents, such as 
laminated coatings, eonsolidants, 
hydrophobic substances, fillers, 
fixatives and organic eonsolidants is 
important. 

In order to increase the durability 
of the protective agent, the use of 
biocides is, in some cases, un­
avoidable. Different products are 
available here to conservators and 
can generally be classified into 
chemical compounds, such as 
quarternary ammonium com­
pounds, heterocyclic and metal-
organic compounds (Richardson, 
1988). Unfortunately, the effective­
ness of these microbiocides for the 
application on exposed materials 
has not yet been unreservedly 
proved under laboratory conditions. 
Due to the metabolic and physiolo­
gical adaptability of the colonising 
microorganisms, as well as then-
integration within the complex 
ecosystem (cometabolism) and their 
ability to cover themselves in a 
protective biofilm, the effectiveness 
of the biocides are considerably 
reduced (Warscheid and Krumbein, 
1993). 

With regard to the design and use 
of microbiocides, proof of their 
effectiveness against a wide spec­
trum of material-specific microor­
ganisms must be demanded. Any 
possible damaging side-effect for 
the material being protected, in the 
form of colour changes, corrosion 
or internal crystallisation must be 
avoided here, if possible. Further, 
biocides should be ecologically 
sound to a high degree. Through 
the use of heavy metals, such as 
e.g. copper, a lasting protection 
may be built up in a deliberate 
synergistic combining of organic 
compounds, using a smaller dosage 
(Becker etal . , 1993). 

In practical terms restorer and 
conservators should consider biode-
terioratiott processes within a 
complete and careful diagnosis of 
stone decay on cultural objects. 
However the discrimination of 
biogenic influences, whether 
harmful or indifferently accompa­
nying, from purely physical and 
chemical weathering processes - so 
far existing on a living planet - is 
quite difficult to understand and to 
accomplish for non-microbioiogists 
(Schnabei, 1991). This chapter will 
try to give an overview to the 
biodeterioration studies in Brazil 
and Germany within the IDEAS-
Project evaluating the importance 
of biogenic deterioration processes 
at the studied object and trying to 
suggest which countermeasures 
could be taken into account for 
respective conservation concepts. 

3.7.2 Objectives and Scope 

Within the German-Brazilian pro­
ject "IDEAS" - Investigations into 
Devices against Environmental 
Attack on Stones - the working 
group (WG) 3 "Biological degrada­
tion" has studied the influence of 
microorganisms (lichens, fungi, 
algae, cyanobacteria, bacteria and 
actinomycetes) on the enhanced 
decay of historical monuments of 
quartzites and soapstones (Brazil) 
and sandstones (Germany) in rela­

tion to the different climatic and 
expositional, e.g. atmospheric 
conditions. 

The analytical approach to the 
registration and evaluation of biode­
terioration processes was followed 
by the elaboration of technical notes 
concerning conservative and bioci-
dal treatments for the restoration of 
the defined objects following the 
work-sheme outlined in fig. 1. 

As a first step, approved field- and 
laboratory methods for the quantify­
ing and qualifying analyses of 
biodeterioration processes for field 
and laboratory use were adopted. 
Thus a comparable basis for the 
evaluation of biogenic factors influ­
encing or even promoting weather­
ing processes on the respective 
rocks by the project participants 
was rendered possible. The inves­
tigation methods include (i) the 
enumeration of stone-colonising 
microorganisms, (ii) the cultivation 
and identification of microorgan­
isms, (iii) microscopical analyses 
(light- and electronmicroscopy), 
(iv) the quantification of microbial 
metabolism and (v) physiological 
investigations on biocorrosion 
(production of organis acids) and 
physico-chemical deterioration 
mechanisms (biofilm formation) of 
the respective microflora. 

Based on these methods the state of 
biodeterioration on the historical 
monuments in Germany was invest­
igated. The analyses have shown 
that despite comparable numbers of 
microorganisms the community of 
stone colonising microorganisms is 

-dominated on the one hand by 
chemoorganotrophic bacteria (on 
soapstone and quartzite in Brazil) 
and on the other hand by chemoor­
ganotrophic fungi and chemolitho­
trophic nitrifying bacteria (on 
sandstones in Germany). These 
findings are related to the physical 
and chemical properties of the 
rock, especially concerning carbo­
nate content and the extent of 
porosity. The climatic conditions 
(humidity, temperature) of Brazil 



favour the metabolic activity of 
rock colonising microorganisms 
much more than environmental 
impacts by air-pollution. The active 
microflora on quartzite and soap-
stone in Brazil is characterised by a 
high biocorrosive potential being 
protected from dessication by the 
formation and colonisation of thick 
films of hydrated slimes distributed 
especially underneath rock shales 
respectively in the uppermost layers 
of rock. Due the superficial biofihn 
the capillary water uptake of the re­
spective rocks is altered and the 
penetration and binding contact of 
stone-conserving treatments inside 
the rock aggravated (Warscheid et 
al., 1992; Resende et al., 1993). 

The investigations have provided a 
first step for the registration and 
evaluation of biodeterioration pro­

cesses on the respective buildings in 
order to find practical advices for 
restorers and conservators in ques­
tions of reasonable rock material 
for exchange, problems concerning 
environmental pollution as well as 
climatic conditions and biocidal 
treatment of highly contaminated 
rocks. 

In order to be able to provide 
extensive and far reaching "hand 
tools" for conservation practice, 
stone-test-sites were set up and 
investigated parallel to the object 
investigations. They were endorsed 
by the respective work-groups, the 
results of which were aimed at 
assisting the conservation and res­
toration of cultural monuments. 

The significance of the investiga­
tions lay in clarifying the technical 

areas of applicability, i. e. the use 
of sufficiently resistant stone 
{material) in connection with cer­
tain climates (exposition) as well as 
biocidal supplementary substances 
and cleaning techniques (treat­
ment). Investigations into the ques­
tions of material (type) and exposi­
tion stood in exchange with the 
work and results which were 
achieved in the workgroups WG1 
("Characterisation of Stone Mater­
ials") and WG2 ("Atmospheric 
Pollution"). Investigations into the 
use of biocidal supplements offered 
suggestions for the work for WG4 
("Conservation Techniques and 
Procedures") with regard to the 
protection of recommended stone 
protecting agents from microbial 
attack and destruction. 

For test-field investigations, sand-

Project "IDEAS" 
Investigations into Devices against Environmental Attack on Stones 

Work-Sheme for WG 3: Biological Degradation 

I. Development of recommended methods for analysis of biodeterioration processes in the field 
laboratory respectively 

H. Registration and evaluation of the state of biodeterioration on historical monuments in Brazil 
and Germany; 
- microscopical analysis 
- enumeration 
- identification 
- analysis of biodeteriorating mechanisms (acid production, metal-oxidation and physico-

chemical influences based on biofilm formation) 

IH. Laboratory .and outdoor exposure-experiments for screening of approvable biocidal additives for 
protective agents or similar techniques to avoid biodeteriorating processes. 

IV. Elaboration of technical notes for restoration of buildings and sculptures: 
- material (in cooperation with WG 1) 
- exposition (in cooperation with WG 2) 
- biocidal additives and conservation techniques (WG 4) 

Fig. 1 : Conservation and Restoration Procedures - Microbiology 
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stone samples from Germany, as 
well as selected quartzite and soap-
stone from Brazil were exposed in 
unpolluted and polluted areas of the 
respective countries. It was expec­
ted that the climatic conditions in 
Brazil and especially the high 
temperatures and humitidies, would 
significantly increase the activity of 
stone-deteriorating microorganisms. 
Microbiological investigations on 
the exponents, in continuation of 
year-long experience in the obser­
vation of natural stone within the 
framework of previous work in the 
German BMFT project "Stone 
destruction/ Stone preservation", 
resulted in far-reaching conclusions 
on the significance of air-pollution 
on biogenic weathering under dif­
ferent climatic conditions and the 
discovery of the resistance of cer­
tain stone types against biodeteri-
oration processes. In order to 
ensure statistically sound results, 
such investigations will have to be 
continued, for final evaluation, 
beyond the time span of the present 
project deadline. 

In addition, accompanying labora­
tory investigations into the possible 
use of suitable biocides on contam­
inated stone surfaces were carried 
out, which included an evaluation 
of the period of effectiveness under 
the given environmental conditions 
and the biological safety from a 
lexicological point of view. In the 
same way, a limited continuation of 
the object investigations were car­
ried out in order to support and 
supplement investigations to date, 
so as to verify their chances of 
success for restoration on actual 
objects. . — . 

The results of these investigations 
will allow restorers and conserva­
tors to state a better evaluation 
about the significance of biodeter-
ioration processes on historical 
buildings with regards to the given 
material and exposition factors and 
provide them with the decision­
making criteria and possibilities to 
judge better the cleaning and pro­
tective agents available for comba­
ting them. 

3.7.3 Methods and Techniques 

3.7.3.1 Introductory Remarks 

The following descriptions about 
sampling and the consequent 
laboratory analyses are based in 
general on the methods formerly 
described by Warscheid et al. 
(1988, 1989 and 1990), Warscheid 
(1990) and Braams (1992). 

During the IDEAS-project they 
were -further modified and adap­
ted for the specific needs of the 
objects under investigation. The 
non-destructive techniques, like 
video-microscopy and the respira­
tion bell-jar measurements were 
firstly developed during this 
IDEAS-project for safeguarding 
the conservation of original his­
torical material. 

3.7.3.2 Sampling 

After a careful selection of sites 
characterised by the most typical 
weathering forms of the respective 
building, small cubes of approxima­
tely 10 x 10 x 2 mm were cut from 
the stone surfaces using small 
diamond cutting disks. The speci­
mens were removed from the stone 
using a chisel and were transferred 
into sterile petridishes. After this, 
the samples were put into a cool 
box and transported to the labora­
tory for immediate analyses. 
During all these procedures the 
instruments were preliminary desin-
fected by 70% ethanol. 

The environmental parameters and 
.characteristics of the.-sample sites 
were immediatly documentated by 
overview and detailed photographs. 
They were completed by the regi­
stration of data concerning the 
exposition of the site and the de­
scription of the weathering form 
and its extent. 

3.7.3.3 Laboratory Analyses 

The stone-colonising microflora 

was examined (i) by the enumera­
tion of different groups of microor­
ganisms, (ii) by the quantification 
of their actual metabolic activity, 
(iii) by the cultivation and identifi­
cation of typical microbial strains, 
(iv) by physiological investigations 
on physico-chemical deterioration 
mechanisms (biocorrosion, biophy­
sical impacts) and (v) by the micro­
scopical analyses of the biofilm 
formation and distribution. 

3.73.4 Preparation of Samples 

The collected stone material was 
powdered down in a ceramic 
mortar. 1 g of powdered stone was 
transferred into 10 ml of 0,001% 
Tween solution in dest. HjO and 
shaken for 1 hour at approximately 
20 °C in a Jurgens GFL shaker. 

3.73.5 Quantitative Examina­
tion and Isolation of Microorgan­
isms 

3.7.3.5.1 Introductory Remarks 

For the determination of the extent 
of microbial contamination on the 
specimens, the shaken suspensions 
were inoculated on specific enrich­
ment media for algae, fungi and 
bacteria (Warscheid, 1990; Braams, 
1992). 

3.73.5.2 Chemoorganotrophic 
Bacteria, Actinomycetes and 
Fungi 

Inoculation and isolation for 
-chemoorganotrophic bacteria, 
actinomycetes and fungi was car­
ried out using a Spiral Plater (Spiral 
Plater System Model C, Spiral 
System Inc., Ohio) and was done in 
triplicate. The microorganisms 
were counted after two weeks of 
incubation at 28 °C. The counts 
were computed as CFU (colony 
forming units)/g stone. 

The following solid enrichment 
media were used: 
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- bacteria: BR-Agar (Bunt and 
Rovira, 1955) 

- fungi: Czapeck-Dox-Agar (CzD, 
Merck-Diagnostiea No. 5460; 
(even as CzDd diluted 1:50), 
Sabouraud 4% Maltose Agar 
(SAB, Merck-Diagnostica No. 
5439; even as SABd diluted 1:50) 

- actinomycetes: GNCd - Agar 
(Küster and Williams, 1964). 

3.7.3.5.3 Nitrifying Bacteria 

The counts of nitrifying bacteria 
were examined as prescribed for 
the MPN (most probable number) 
method and incubated for six weeks 
in the dark at 28 °C. The counts 
were computed as MPN/g stone. 

The following liquid enrichment 
media were used: 
- ammonia-oxidisers: BNM 

(Knirnmel, 1978) 
- nitrite-oxidisers: BNB (Bock and 

Engel, 1966) 

3.7.3.5.4 Algae and Cyanobacte-
ria 

The comajnination of specimens by 
algae and cyanobacteria were also 
quantified as prescribed for the 
MPN method and incubated in BG 
11 medium (Ripka et al., 1979) for 
six weeks in the light at 16 °C. The 
counts were computed as MPN/g 
stone. 

3.7.3.6 Identification of Fungi 

The fungi were identified by 
observing the morphology of -the 
colony in Czapeck-Dox medium 
and the micromorphology in slide 
cultures on Czapeck-Dox medium, 
corn meal agar and potato dextrose 
agar at 28 °C for 3 weeks. 

3.7.3.7 Determination of pH of 
Stone 

1 g of powdered stone material was 
mixed with 10 ml 1 mol/1 KC1 or 

destilled water and, after shaking, 
left to stand for 30 minutes. The 
pH was measured with a KNICK 
digital pH meter 646 and pH-elec-
trode 1NGOLD. 

3.7.3.8 Biochemical Investigations 

3.7.3.8.1 Introductory Remarks 

The protein content, as parameter 
for the concentration of microbial 
biomass, the dehydrogenase activ­
ity, as indicator for the extent of 
actual microbial metabolic activity, 
and the microscopical analyses on 
the presence and distribution of 
microbial biofilms in the rock pro­
files were included in the biochemi­
cal investigations. 

3.7.3.8.2 Protein Content 

For measuring the protein content 
the following solutions were used 
(Louwry et al., 1951): 
- solution 1: 5 % Na^C03 

- solution 2: 0,5 % CuSG4 x 5 
HO in 1 % K-Na-tartrate 

- solution 3: mixture of solution 1 
and solution 2 (25 : 1; v/v) 

0,5 ml sample (50 mg powdered 
stone suspended in 0,45 nil 0,9 % 
NaCl) were mixed with 0,5 ml 1 N 
NaOH and heated for 5 minutes in 
a boiling waterbath. After cooling, 
2,5 ml of solution 3 were added 
and the sample was left for 10 
minutes. After adding of 0,5 ml 
"FoIin-Ciocalteu"-reagent, the 
samples were shaken and left for 30 
minutes in the dark. The absorption 
of she-resulting -solution was mea­
sured at a wavelength of 750 nm in 
a spectrophotometer. 

3.7.3.8.3 Add Production of 
Fungi 

The fungi were cultivated in 
Czapeck-Dox broth medium for 14 
days at 28 °C. After this period the 
pH of the filtrate of the cultures 
was measured in a pH-meter 

Digimed DMPH 2. 

3.7.3.8.4 Dehydrogenase Activity 
(DBA) 

The measurement of dehydrogenase 
activity is a rapid method to 
demonstrate and evaluate microbial 
activity on decaying stones (War­
scheid etal. , 1990). 

Rock samples were powdered in a 
mortar and filled in a test-tube. 
1 ml of 0,1 TrisHCl buffer con-
taming 0,2 % 2,3,5-triphenyltetra-
zolium chloride (TTC) was added. 
The mixture was incubated at 27 
PC for 24 hours. Subsequently the 
suspension was mixed with 4 ml of 
an extraction solution containing 
acetone/carbontetrachloride (90 : 
10, v/v), vigorously shaken and 
allowed to stand for 2 hours in the 
dark. The suspension was then 
passed through Schleicher & Schull 
filter paper No. 595 1/2 into cali­
brated test-tubes. The filter was 
carefully washed using the same 
solution, until a volume of exactiy 
5 ml was reached. The absorption 
of the 1,3,5-triphenylformazan 
(TPF) formed was read at 546 nm 
against a blank. The data obtained 
were compared with a formazan 
standard curve and DHA was calcu­
lated as mg TPF/kg rock material. 

3.7.3.8.5 PAS-Staining for Mi­
crobial Biofilms in Rock Profiles 

The following method is suitable 
for the staining of carbohydrate-
rich microbial biofilms, reacting 
with organic substances like glyco­
gen, starch, cellulose, mucin, chi-
tin, protein- carbohydrate-com­
plexes and many glycolipides. The 
procedure was carried out in screw-
capped test-tubes and the amount of 
added reagents was approximately 
four or five times greater than the 
size of the samples under investiga­
tion. After each treatment step the 
added solution was completely 
sucked out with a pasteur pipette. 
The PAS-staining-procedure fol-



lows in detail this way (Warscheid, 
1990): 
The stone specimens were mixed 
with 0,75 % periodic acid and 
shaken for 8 minutes. After that, 
the samples were washed for 5 
minutes in 70 % ethanol, and later 
rinsed for 5 minutes under cold tap 
water. Following this, the samples 
were mixed with "Schiff" reagent 
and shaken for 20 minutes. After 
adding a 0,6 % sodiumsulfite solu­
tion (in water/1 N H O : 9 5 : 5; v/v) 
the specimens were shaken a 
second time. Finally, the samples 
were rinsed twice under cold water 
and stored in 70 % ethanol for 
further microscopical analyses. 

3.7.3.8.6 Scanning Electron Mi­
croscopy 

Selected stone samples were fixed 
in 4 % glutaraldehyde for 24 hours 
and later dehydrated in an ethylal-
cohol series (25, 50, 75, 90 and 
100 %, three times, 1 hour for 
every line). After critical point 
treatment the specimens were 
coated with gold and examined 
under a Scanning Electron Micro­
scope. 

3.7.3.9 Measurements "in loco", 
Non-Destructive Techniques 

3.7.3.9.1 Video Microscopy 

Non-destructive microscopical 
analyses of microbial contamina­
tions on rock surfaces were done by 
video microscopy in situ at the 
defined objects. In this way, weath­
ering sites could be- previously -
examined and the number of cut-off 
samples could be diminished. The 
application of this technique is 
furthermore useful in the investiga­
tion of biodeterioration processes 
on wall-paintings and ornamented 
stone sculptures. 

The videomicroscope device is 
based on a CCD-camera. The opti­
cal information is digitilized and 
can be stored on video tapes. After 

later selection the pictures can be 
printed out. The resolution of the 
CCD-chip inside the camera allows 
sharp and natural pictures even 
under 1000-fold magnification. 

3.7.3.9.2 Remission Spectroscopy 

Microbial surface contaminations 
can furthermore be described by the 
spectroscopical analyses of micro­
bial pigments, e.g. greenish algae 
layers teed on chlorophyll or 
brownish fungal mclanins, on the 
rock. They can be determined by 
the use of a remission spectrometer 
due to the specific absorption spec­
trum of biogenic pigments. This 
method allows the evaluation of the 
causes for black crust formation or 
general blackening of stone sur­
faces. Black crusts, formed as a 
result of decayed algal mats and/or 
black fungi (see introduction), can 
thus be differentiated. Furthermore 
also causes for black colouration of 
stone surfaces, due to the absorp­
tion of air particles can be proved 
and primarily biogenic precursing 
influences detected. The remission 
spectroscopy was used only for the 
investigations on the test-fields, 
whereas detailed data are yet not 
documentated in this report. 

3.7.3.9.3 Respiration Bell-Jar 

The respiration bell-jar method is a 
new, non-destructive technique for 
the rapid and semi-quantitative 
estimation of potentially damaging 
microbial activity on materials of 
historical —buildings- and. .mon­
uments. The method is an adapted 
version of an in-situ technique 
developed in soil science where gas 
collection chambers are used to 
quantify the efflux of trace gases to 
the atmosphere (Isermeyer, 1952) 
and was modified for microbiologi­
cal material studies by the authors 
within the IDEAS-project. 
The quantitative C 0 2 measurement 
with the bell-jar system was done is 
the following way: 

Translucent chambers (5,5 x 5,5 x 
3,5 cm or 12,6 x 9 x 4,5 cm) made 
of transparent plastic (PE;PP;PVQ 
with a round aperture at the upper 
side were used for the determina­
tion. The chambers were prepared 
with "Terostat", a deformable, 
slightly sticky adhesive material, 
and fixed gently on the rock sur­
face. Afterwards, 10 ml (or 25 ml 
for the greater chambers) of barium 
hydroxide (1/22 N Ba(OH) with 
1 % BaCl, w/v) were added 
through the inlet on the top side 
into a separate space of the cham­
ber formed by the polymeric adhe­
sive. After this the aperture was 
closed using a rubber stopper. The 
CO emitted through the rock 
surfaces and equilibrated with the 
chamber was absorbed by the 
barium hydroxide, and after a 
defined period of incubation the 
chamber was detached from the 
surface and closed with a top. After 
addition of several drops of phe-
nolphtalein indicator solution the 
liquid in the chamber was back 
titrated to the colour change at pH 
7 with 1/22 N hydrocloric acid 
(HC1). A blank was taken on non-
contaminated surfaces, which had 
been previously desinfected with 
ethanol (70 %). The C 0 2 produced 
by the stone-colonising microflora 
during the reaction time was calcu­
lated by the amount of HC1 needed 
for the back titration of the sample 
and the blank. By using references 
treated either with 70 % Ethanol to 
inhibit microbial activity or 2 % 
Glucose solution to activate the 
microbial activity a semi-quantita­
tive estimation of potentially 
damaging microbial activity could 

-be-calculated. 

3.7.3.9.4 Measurement of the 
Capillary Water Uptake 

Porosity and degree of weathering 
of the respective rock was de­
scribed by measurements of capil­
lary water uptake using Carsten-
tubes (see chapter 3.3.2.1). These 
measurements were taken in con­
nection with respiration bell-jar 
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measurements to estimate the diffu­
sion of atmospheric carbon dioxide 
through the rock pores in order to 
quantify the possible mistakes of 
the measurements. 

3.7.4 Examples 

3.7.4.X Sanctuary of Senhor Bom 
Jesus do Matosinhos - Congonhas 

3.7.4.1.1 Sampling and Investiga­
tions 

Within four field campaigns at the 
Sanctuary of Senhor Bom Jesus do 
Matosinhos in Congonhas various 
microbiological studies, ranging 
from the enumeration of microor­
ganisms, to microscopical analyses 
and respiration measurements, were 
carried out. The main interest for 
the general project investigations 
was concentrated on the famous 
prophets sculptured of soapstone 
from Antonio Francisco Lisboa. As 
any direct sampling and analyses of 
the prophets was almost impossible 
due to conservation policies, for 
our studies comparable sampling 
material of soapstone was taken 
from the parapet and window sills 
of the church's surrounding. 

The visible microbial contamina­
tions of the soapstone were charac­
terised by the occurence of black­
ening fungi colonizing and penetra­
ting into cracks and fissures of the 
respective rock material (fig. 2.B). 
Ar^roximately eight years ago the 
soapstone at the church of Congon­
has was heavily covered by lichens. 
At that time, the stone was cleaned 
and subsequently treated .. with., 
thymol. Meanwhile the lichens 
have reappeared since the last two 
years of our investigations. 

During the field campaigns in 
March 1990 and February 1992, 
eleven surficial stone samples (Co 
90/3-5, 9 and Co 92/1-3, 5, 8-10) 
were taken from the uppermost 
layers of soapstone. Besides chemi-

"• cal and microbiological investigati­
ons, selected samples were analy­

sed by light- and electron micros­
copy to prove the distribution of 
microbial coritarnination described 
as biofilm formation in the rock 
profile (fig. 2.). For further de­
scriptions of the samples see the 
appendix. During the field cam­
paign in November 93 various 
biogenic patinas, deriving from 
algae or lichens growth were 
examined for respiration rates using 
the non-destructive respiration bell-
jar method mentioned above. 
Within the last field campaign in 
April 94 the respiration measure­
ments were done on two of the test 
areas set up by working group 4 
"Conservation". In addition, thallus 
samples of the re-occuring lichens 
on the prophets were carefully 
scratched from the stone surface for 
the latter determination of relevant 
species and the analyses of potential 
detrimental effects (e.g. acid 
production), 

3.7.4.1.2 Results 

3.7.4.1.2.1 Quantitative Analyses 
of Stone Colonizing Microorga­
nisms and Biochemical Investiga­
tions 

The results of the biochemical and 
microbiological investigations are 
listed in table 1 and graphically 
documentated in fig. 3. It can be 
stated that the microflora on the 
analysed soapstone prefer to colo­
nise in natural cracks and fissures 
of the rock material as well as 
under secondary detaching rock 
shales derived from tension 
movements caused by temperature 
and. moisture changes in the upper-, 
most layers of the material. This 
observation can be proved by the 
microscopical analyses of TTC- and 
PAS-stained rock profiles indicating 
that the active microbial contamina­
tion is mostly concentrated on the 
rear of the rock scales. 

The counts show significantly high 
numbers for phototropnic algae on 
most of the samples of 1992, which 
are obviously linked to the presence 

of surface-covering lichens. Addi­
tionally the green filamentous alga 
Trentepohlia was found (fig. 4.A). 
The growth on large areas of some 
prophets showed that the alga is not 
lichenized, although it is a common 
phycobiont in some lichen species. 
The symbiontic lichen associations, 
formerly washed away by the 
treatment of soapstone by thymol in 
the year 1987, had steadily reoccu­
red in the last two years. The 
analyses of these newly settling 
lichens had shown that folióse as 
well as crustose lichens were 
present. They belong to the genera 
Xanthoparmelia spec> Pyxine spec. 
and Candelaria concolor (folióse 
lichens) respectively Lecanora 
spec, and Calqplaca spec, (crustose 
lichens) (fig. 4.). Regarding the 
thallus morphology, the folióse 
lichen grow on soapstone only 
loosely inserted by rbizines 
(compact strands of hyphae origina­
ting from the lower cortex). The 
disintegration of rocks below folió­
se lichens are caused by the mecha­
nical physical action of these rhizi-
nes. Based on the poikolotrophic 
character of the lichen thallus, fre­
quent water content fluctuations 
lead to expansion and contraction 
movements of the thallus stressing 
the pore system and mineral frag­
ments of the respective rock. In 
contrast, crustose lichens are in 
direct and intensified contact with 
the rock substrate by the penetra­
tion of fungal hyphae into the rock. 
Consequently, these lichens are 
much more important in the deteri­
oration of stones involving physical 
and chemical processes in the 
biochemical weathering oxalic acid 
and different lichen substances are 
most important, etching the stone 
surfaces by the subsequent chela­
tion of leached metal-ions. 

Chem ©organotrophic bacteria 
were found on the samples from 
March 1990, whereas their counts 
decreased in samples taken during 
the campaign of 1992, possibly 
with respect to different humidity 
conditions during the time of samp­
ling. The physiological analysis of 
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Sample 
No. 

pH 
(H20) 

pH 
IN 

KCl 

Protein 
content 
[mg/g 
stone] 

TTC-test 
(quantita­

tive) 
[mgTPF/ 
kg stone] 

TTC-test 
(dehydro-
genäse-
actmty) 

PAS-test 
(biofilm 

forntation) 

chemoorg. 
bacteria 
[CFV/g] 

nitro-
bacter 

[MPN/gJ 

nitro-
somonas 
[MPN/gj 

fungi 
[CFTJ/g] 

algae 
[MPN/g] 

actino-
mycetes 
[CFU/g] 

Sample 
No. 

pH 
(H20) 

pH 
IN 

KCl 

Protein 
content 
[mg/g 
stone] 

TTC-test 
(quantita­

tive) 
[mgTPF/ 
kg stone] 

front rear front rear 

chemoorg. 
bacteria 
[CFV/g] 

nitro-
bacter 

[MPN/gJ 

nitro-
somonas 
[MPN/gj 

fungi 
[CFTJ/g] 

algae 
[MPN/g] 

actino-
mycetes 
[CFU/g] 

Co 90/3 n.d n.d n.d. n.d. n.d. n.d. n.d. n.d. 820.000 n.d. n.d. 0 n.d. 2.000 

Co 90/4 n.d. n.d. n.d\ n.d. n.d. n.d. n.d. n.d. 480.000 n.d. n.d. 15.000 n,d. 0 

Co 90/5 ad. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.000.000 n.d. n.d. 26.000 n.d. 0 

Co 90/9 n.d. n.d. n.d. n.d n.d. n.d. ltd. n.d. 780,000 ad. n.d. 53.000 n.d. 0 

Co 92/1 9,7 9,6 0,7 34 - - - - 10.700 17.500 0 90 5.750.000 2.900 

Co 92/2 8,0 7,6 2,6 196 0 0 -H- 17.000 0 21.500 7.500 300.000 0 

Co 92/3 9,2 9,1 0,1 4,8 ++ + + -H- 17.000 7.500 11.500 ' 170 137.000 3.100 

Co 92/5 9,5 8,9 n.d. 6,4 n.d. n.d. n.d. n.d. 3.400 2.000 0 1.400 0 0 

Co 92/8 9,4 9,4 0,8 25 ++ + 33.000 46.500 11.500 0 5.750.000 20.000 

Co 92/9 9,2 9,2 1,6 176 + - + 72.000 465.000 1.500 170 575.000 4.100 

Co 92/10 9,1 9,2 0,3 10 - 36.000 46.500 11.500 170 57.500 4.800 

Control 7,3 6,1 - - - - - - 0 0 0 0 0 0 

CFU = colony forming units of heterotrophic microorganisms; MPN = most probable number of autotrophic microorganisms; n.d. not determined 

Table 1: Results of microbiological investigations of samples of soapstone from the Sanctuary of Senhor Bom Jesus do Matosinhos, Congonhas, 
March 1990 and February 1992 



these bacteria showed a high poten­
tial in biocorrosive activity (e.g. 
excretion of organic acids) which 
had to be accentuated in concern of 
their biodeterioration influence on 
the respective building material. 
Their growth and metabolic activity 
is especially favoured by the alcali-
ne pH-values of the soapstone 
buffering their metabolic exudates. 
In contrast the alcalinity restricts 
the development of fungi to local 
infection sites (cracks, fissures) 
providing microclimatic niches for 
their growth. Consequently their 
counts had also varied from the 
campaign in 1990 and 1992. The 
acid production of isolated and 
identified fungi was tested in the 
laboratory in Czapeck-Dox mineral 
medium with 3,0 % glucose con­
centration. The results are shown in 
table 2. and confirm the stone 
decaying potential of these mi­
croorganisms by metabolisation and 
excretion of organic acids. 

Due to the high pH even nitrifying 
bacteria such as Nitrobacter spec. 
(nitrite oxidizer) and Mtrosomonas 
spec, (ammonium-oxidizer) are 
favoured like their chemoorgano-
trophic pendants and were instantly 
found in high numbers in almost all 
samples taken 1992; unfortunately 
no data on nitrifying bacteria were 
available from former investiga­
tions in 1990. It should be notified 
that the biocorrosive activity (e.g. 
excretion of nitric acid) of these 
specific groups of bacteria additio­
nally will contribute to the biodete­
rioration processes on the analysed 
soapstone. 

Sample Fungi PH 

Co 92/1 Chrysosporium sp 6,91 

Co 92/2 Oadosporium sphaerospermium 6,89 Co 92/2 

Pénicillium sp 6,91 

Co 92/2 

Paecilomyces sp 5,60 

Co 92/3 Exophiala spinifera 7,33 Co 92/3 

Clasosporium dadosporioides 6,30 

Co 92/3 

Mucor hiemalsis 3,994 

Co 92/3 

Fusarium oxysporum 4,78 

Co 92/4 Acremonium sp 4,78 Co 92/4 

Cladosporium cladosproioides 6,46 

Co 92/5 Oadosporium sp 6,66 Co 92/5 

Haplasporangium sp 5,70 

Co 92/8 Acremonium sp 4,33 Co 92/8 

Oadosporium spharospermum 6,53 

Co 92/9 Paecilomyces sp 6,43 

Co 92/10 Pénicillium expansum 6,57 Co 92/10 

Mycelia sierilia 5,20 

Czapeck-Dox 
Medium 

6,26 

Actinomycetes are indicators of the 
complexity of a microbial ecosy- Table 2: Acid production in Czapeck-Dox mineral medium mth 3,0% 
stem. On the analysed soapstone glucose concentration of fungi isolated from samples of Sanc-
they were detected only scarcely tuary of Senhor Bom Jesus do Matosinhos, Congonhas, Fe-
(exception Co 92/8), mdicating a bruary 1992 (14-days cultures, 28 aQ 
comparably primitive status of the 
microbial succession on the stone 
material. the field campaign 1990 (Co 90/3- ques used for sample storage and 

5,9). This might be caused by sample preparation during that 
In general it can be stated that the different climatic, especially humi- time, 
samples of the field campaign 1992 dity, conditions during the indivi-
(Co 92/1-3, 5, 8-10) are less dual campaigns, otherwise it could 
contaminated than the samples of be influenced by different techni-
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