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Foreword and acknowledgements

This doctoral dissertation should be seen as the result of some forty years of experience in the
examination of paintings acquired at different institutes and museums. First and foremost | am
indebted to Prof. J.R.J. van Asperen de Boer, who has repeatedly urged me to make my publications
more accessible to colleagues and, especially, to students. The articles have appeared in various
journals, exhibition catalogues, books and conference preprints in different languages and countries.
Although the sheer diversity of the different sites of publication may illustrate the interdisciplinary
and international character of the scientific examination of art objects, it can sometimes frustrate
access to the material. The idea of submitting a PhD thesis arose while listening in the back row of
the Agnietenkapel of the University of Amsterdam, one and a half year ago, to Jorgen Wadum
defending his dissertation. A doctoral thesis Oon articlesO seemed one way to make the written
material more readily available. Jan Piet Filedt Kok, who became one of my promoters, saw my
own development as running parallel to that of the discipline of science in the service of art, and
suggested that | was therefore in a good position to look back and reflect on this latter development.
| am grateful to the art historian Filedt Kok and the scientist Norman Tennent, my second promoter,
for the enthusiastic and pleasant way in which they have supported me in writing this dissertation
and for their confidence in me. | am also most grateful to co-authors Ella Hendriks, Inez van der
Werf, Klaas Jan van den Berg and Jaap Boon for their permission to use articles (on Frans Hals,
Judith Leyster, Johannes Vermeer). Their generosity is greatly appreciated.

| began my career in the world of culture at the beginning of 1969, as a scientist with a love
of art, at the Central Research Laboratory for [the examination of] Objects of Art and Science in
Amsterdam. Founded in 1963, the Central Laboratory was still in its early stages when | arrived
there. It was occupied by scientists and by restorers who used the information provided by the
scientists for the study and treatment of artifacts which had deteriorated and which they were
required to treat. Only the most problematic restorations were carried out at the Central Laboratory.
The first thing to discover was how the art objects were made, and subsequently how time had
changed them. We were all in a learning phase. Already in 1968 the Director Ir. J. Lodewijks had
decided that the laboratory, a self-supporting government service, had to have a large measure of
flexibility. Therefore time was granted for study, discussions and consultations with art historians
and restorers in Holland and abroad. | am extremely indebted to the Central Laboratory for the
chance it gave me to spend a lifetime surrounded by beautiful paintings and among pleasant
colleagues. | have never regretted this and still enjoy being part of that community. | have been
fortunate to work with great specialists in the field. The examination of RembrandtOs early work
with Ernst van de Wetering in the 1970s and all the involvement with the Rembrandt Research
Project since has shaped a large part of my life. | am very grateful to Ernst for his never-ending
encouragement. It was he, for instance, who recommended me for the project on autoradiography at
the Metropolitan Museum in New York, giving me a chance to spend five fantastic months in New
York in 1980.

| am also very much obliged to former and present directors, staff and students at the
Hamilton Kerr Institute, University of Cambridge, U.K., where | worked in the 1980s. The Institute
was situated ten miles from Cambridge in the idyllic setting of a former mill. | have fond memories
of working with Herbert Lank, its first director, Norman Brommelle who succeeded him and lan
McClure. From my base in England, lan allowed me to examine paintings for exhibitions held in
Holland. | am glad that, in this respect, | could be a link between England and Holland. A small



laboratory with basic equipment was close to the large studios of the institute, overlooking the

garden which, in spring, was covered with daffodils. There was, in principle, access to all the

equipment of all the laboratories in Cambridge University. Many hours were spent at the electron
microprobe at Earth Science, reading the Guardian while waiting for the spectra to be printed one
by one by the dot-matrix printer. This was the time when a single computer occupied the greater
part of a room, quite daunting at first.

Towards the end of the 1980s, Anne van Grevenstein, having taken the initiative of starting a
school for painting conservators hitherto lacking in The Netherlands, lured me back to Holland. |
am extremely grateful to Anne for the faith she had in me, giving me the chance of being a partner
in her enthusiastic pioneering work at the Stichting Restauratie Atelier Limburg (SRAL) in
Maastricht. The training of painting restorers is now incorporated in the prospectus of the
University of Amsterdam. Anne, together with Ernst van de Wetering, also secured sponsoring by
the nearby DSM in Heerlen for the analytical work for the Rembrandt Research Project, a
sponsorship that lasted eight years. This sponsorship included the use of the extensive analytical
facilities at DSM Research. In 1994, collaboration over content won for kutissponsorprijs. It
was a very interesting experience. In return, for instance, | was asked to attract visitors to a huge
industrial fair to the DSM stand. That was easy, both in St. Louis USA and in Hong Kong: a (early
copy of a) Rembrandt Self-portrait on an easel drew large crowds to the stand. In St. Louis the
DSM secured additional publicity for the firm when their stand was selected the best in the whole
industrial fair.

After five years in Maastricht, as most of the SRAL students moved north-west in The
Netherlands to begin their internships in the museums, | spent most of my time on the train.
Luckily, the analytical work needed for the interesting studentsO museum projects interested Agnes
Ballestrem, the then director of the Central Laboratory, and it prompted her to first offer me a little
den at the Central Laboratory and later a job. | accepted both gratefully. My workplace had come
full circle. Rik Vos became the Director when the Central Laboratory merged with the Rijksdienst
Beeldende Kunst and the School for Restoration (objects other than paintings) to form the ICN. |
am very grateful to him for providing the degree of flexibility necessary in this kind of work.

Over the years the list of colleagues, teachers, students, institutions and museums to whom |
am indebted has grown enormously, but most of the publications that make up this dissertation start
with acknowledgments, which do not need to be repeated here. In particular my article in OA Corpus
of Rembrandt PaintingsO Volume IV p. 321 shows a long list. | make an exception for the Getty
Conservation Institute, for granting me a four month scholarship in 2002. The time spent there and
in the extensive Getty Research Institute library have been extremely useful for reading and writing
on, and examining grounds in paintings.

| thank dr. J.J. Ottens for facilitating the photocopying of my thesis at RCE and for her
interest in the work. Georgiana Languri and Muriel Geldof were wonderful seconds at my promotie.
| am very grateful to students Conservation Science Andreas Bilo and Guus Verhaar for their help in
further digitalizing the material and shaping it into a presentable form. Without their help | would
not be here now. In return | hope | shall be able to be of help to them in their careers. Lastly | want
to thank my family and friends for their interest in the way | have spent my time as a pensioner and
in making sure there was time left fpezelligheid and for attention to other interests.

Karin Groen, 24 January 2011



Perspectives on the evolution of science for art history and conservation,
and its current state

Karin Groen

OYou look for salvation in another Faculty: you, an art investigator, make the amazing proposition
to have the colours examined by a cherndisi@at is how Charles Sedelmeyer, an art dealer based

in Paris, addressed Dr. Abraham Bredius, the Director of The Mauritshuis, in an open letter during
the controversy in the early years of the twentieth century dwveradulteress before Christwork

judged by some authorities to be an autograph Rembrandt, while others branded3it a fake.

Before the founding of the Central Research Laboratory, in Amsterdam, in the early 1960s (see
below), the scientific examination of paintings in The Netherlands had been undertaken as the
occasion arose and often had to do with questions of authenticity. These questions had their
forerunners in archaeolo§yQuestions of authenticity were posed by expert connoisseurs - whose
judgement was informed by intuition - especially in cases where the authenticity of already famous
old masters was at stakehe adulteress before Chrisad aroused BrediusO suspicion when it was
exhibited at the Rembrandt exhibition in the Rijksmuseum in Amsterdam, in 1898. After the
exhibition, he had it sent to Berlin, where Alois Hauser, restorer at the Kaiser-Friedrich-Museum,
found that it had been painted with pigments that were not in use until after 1700, certainly not in
the seventeenth centuryAs illustrated in the account of the conflict surroundifige adulteress

before Christ, it was not generally accepted, in Holland as elsewhere, for an art expert to consult a
chemist. In 1925 it came to a court case over the faeelvroolijke man (A merry mathat had

been sold as a painting by Frans Halsln the introduction to his written defence in the Hals
process, Hofstede de Groot, writes that he refuses to address Dr. F.E.C. Scheffer, Professor of

1 Charles Sedelmeyer, ODie Ehebrecherin vor Chri§est$lde von Rembran@aris, 1912, p. 8: OJa, Ihnen fehlt die
Glaube an die Sachkenntniss Ihrer Kollegen, sobald sie nicht Ihrer Meinung sind. Und so kommen Sie dazu, lhr Heil
bei einen andren FakultSt zo suchen, indem Sie, Kunstforscher, den verblYffenden Vorschlag machen, die Farben durch
ein Chemiker untersuchen zu lassen. Gestatten Sie mir, geehrter Herr Doctor, Ihnen zu sagen, dass Sie mit diesen
Vorschlag den Bankrott der Kunstkennerschaft erkiSren. In Zukunft also mYsste man ein Bild, Yber das man nicht im
Klaren wSre, nicht dem Urteil von Kunstschriftstellern, Kunstforschern, Kunstkennern unterbreiten, sondern es
kurzerhand in ein chemisches Laboratorium senden!.O

2 For an extensive account on the subject see: Catherine B. SBallehrandt, reputation, and the practice of
connoisseurship, Amsterdam 2004 .

8 R. Munro, Archaeology and false antiquitidsondon 1905.

4 The same professional is called OconservatorO in English-speaking countries. The term Oconservator-restorerQ w
introduced after the paper OThe restorer - a definition of the profession,® with the final version of the paper: OThe
Conservator-Restorer - a definition of the profession,0 ICCROM Doc. ST 1/3, 29 November 1978. See: H.C. von
Imhoff, Introduction to theNorking group Training of Restorers, Preprints, ICOM Committee for Conservaition,

Triennial Meeting, Ottawa 1981, pp. 81/22/0-1. In this article both OrestorerO and Oconservator-restorerO will be used.

5A. Bredius, The Adulteress before Christ. A picture by Rembrandt. A reply to an Open Letter to Dr. Abraham Bredius
concerning the authenticity of this picture, The Hague 1912, p. 2.

6 Dr. C. Hofstede de Groot, Echt of onecht? Oog of chemie?, Den Haag 1925.



Inorganic Chemistry at Delft: Oone cannot fight over art with a chemistO. When it came to painting,
the eye was Othe highest authority, just as the ear is for music. Here not the tuning-fork, there not
the test-tubeOHe was willing to talk only to the expert in the court case, Prof. Dr. W. Martin, the
Director of the Mauritshuis, his OAmicus Martiragis amica veritas@e would not even address
MartinOs colleague Sir Charles Holmes, Director of the National Gallery in London since Holmes
was not an expert on Dutch painting. In the 1920s, it was clearly unacceptable to trespass on
someone elseQOs discipline. Interdisciplinary co-operation between Oexpert connoisseursO (art histol
was still in its infancy) and (natural) scientists obviously was not taken for granted.

Both pictures,The adulteress before ChriahdA merry man, have been removed from public view

and cannot be found. It is unlikely that the restorer Hauser performed chemical analyses to prove
the pigmentsO identfyThe adulteress before Chrig painted on canvas and bears the date of
1644; it would therefore have been a prime candidate for an investigation of a possible origin in
RembrandtOs workshop, as one can read in the second article in this thesis. The technical report ir
the publication on the Hals case is convincing - the paint appeared to dissolve in water and typical
19th century pigments were identifigddvances in instrumental techniques for chemical analyses
since c. 1900, and in knowledge of traditional painting techniques, would probably have confirmed
the early analyses on this painting.

The early years of science in the service of art

Scientists have been involved in the examination of works of art for well over two hundred years.
Chemical analyses could initially only be done incidentally, as will be shown in a few examples
below.

Over the years there has been an ever growing interest on the part of art historians, curators,
conservator-restorers and the general public in the materials and techniques that famous artists used
for making their pictures and in how scientists could uncover these OsecretsO.

This interest originated, as sheer curiosity, as long ago as the Renaissance - a term that is
used here in the sense of revived interest in the classical world - when the material remains of manOs
prehistoric past were found and studied by sixteenth century scholars in Italy and travellers from
abroad to Italy and Greece. This interest in how ancient objects were made continued. In the
eighteenth century, scientists B chemists in particular b started to figure in the study of objects from
antiquity. The chemist Martin Heinrich Klaproth (1743-1817) began to perform chemical analyses
on historic cultural objects in eighteenth century BeflinHe determined the approximate
composition of Greek and Roman coins and Oantique glass pasteO, probably pieces of Romat
glass!! In the eighteenth and, more especially, the nineteenth century, particularly during the
Napoleonic wars, numerous portable antiquities were collected and studied by scientists who
sometimes accompanied the Napoleonic expeditions. For example, the expedition arriving in Egypt

7 Hofstede de Groot, op. cit., see above, p. 5: O..omdat men over kunst nu eenmaal niet met een chemicus kan
redetwisten. In zake schilderkunst moet het oog de hoogste instantie zijn, evenals in muziek het oor. Hier niet de
stemvork, daar niet de reageerbuisO.

8 A technical report has, so far, not been found in the Zentralarchive in Berlin, nor in the Archive of the Rathgen.

9 Hofstede de Groot, op. cit., note 6, pp. 74-78.

10 Josef Riederer (ed.JArchSologie und Chemie, Berlin (Rathgen-Forschungslabor and the Staatliche Museen
Preussischer Kulturbesitz) 1987-8.

11 A. Mark Pollard and Carl Heron, Archaeological Chemistry, Cambridge,1996, p. 3. Also: http//bibliothek.bbaw.de for
a selection of articles by Klaproth, three of them are on materials from cultural objects.



in 1798, was accompanied by DZodat Gratet de Dolomieu. Dolomieu was a minefal@isse
expeditions also illustrate the common history of archaeology and geology). Another chemist,
Humphrey Davy, in 1815, published his work on the identification of ancient pigments found in
Rome and Pompeii, among them a synthetic pigment, later named Egyptiah blue.

It was admiration for the skills of our ancestors that first prompted chemical analysis of the
objectsO materials. Later, in the nineteenth century, it would be to provide data to establish a
chronology (stone, bronze, iron ages) for the emerging speciality of archaeology. The question of
how to preserve the finds and, subsequently, the concern with the appearance on the market of
dubious antiquities, also began to play a role.

Specialised laboratories

The collaboration between archaeologists and chemists resulted in the establishment of the first ever
museum chemical laboratory, in 1888, in the Kaiser Friedrich Museum of the KSniglichen Museen
in Berlin, with Friedrich Rathgen as the first chemist appointed by a mu<edre British
Museum followed next, in 1922. In the 1930s leading scientists showed increased awareness of the
profession of restorer: the way it had been practised for a few hundreds of years needed to be
reformed. Restoration, and conservation, needed to include scientific methods of examination. Thus
museum laboratories were established. The Fogg Art Museum (the oldest of Harvard UniversityOs
art museums) established its Department for Technical Studies in 1928 (renamed in 1931 the
Department for Conservation and Technical Resedpkiso in 1934, in Brussels, Paul Coremans,

an analytical chemist, together with Egyptologists, set up an analytical laboratory at the Brussels
MusZes Royaux dOArt et dOHistéirapw the Institut Royal du Patrimoine Artistique (IRPA).

IRPA was the first national institute, not attached to any particular museum. Coremans initially
spent most of his time in his Brussels museum laboratory on questions of authenticity and the state
of preservation of Egyptian works of art, publishing on air conditioning in museums (an indication
of the growing awareness of the influence of the environment on the condition of art works). He
subsequently worked mainly with pictures. At IRPA, in the late 1940s he contributed to unmasking
the fraud perpetrated by Van Meegeren.

In 1930 there was also the stimulating International Conference on Examination and
Conservation of works of Art, held in Rome. However, changes in the attitude towards restoration
happened only very slowly.

In The Netherlands, a specialised laboratory, modelled after IRPA, was founded on 1st
March 1963 for the analysis of the materials from cultural objects and for developing restoration

12Dolomieuds name was given to the natural mineral dolomite since he had discovered it. He found the mineral in what
is now northeastern Italy and proved it to the different from chalk: unlike limestone or chalk it did not effervesce in
acid, from: en.wikipedia.org/wiki/DZodat_Gratet_de_Dolomieu.

13 Humphrey Davy, OSome experiments and observations on the colours used in painting by the ancientsO,
Philosophical transactions of the Royal Society of Lond65,(1815), pp. 97-124.

14 The Kaiser Friedrich Museum was renamed Bode Museum in 1956, after its first curator Wilhelm von Bode. The
laboratory is now the Rathgen-Forschungslabor der Staatlichen Museen Preussischer Kulturbesitz.

15 Other museum laboratories followed soon: The Louvre in Paris 1931, Scientific Department at the Courtauld Institute
in London 1934 and at the National Gallery in London in 1934, etc.

16 Koninklijke Musea voor Kunst en Geschiedenis (Royal Museums of Art and History).
17 The conference was sponsored and organized by the museum office of the Institute of Intellectual Cooperation, a

branch of the League of Nations. See: George L. Stout, OThirty years of conservation in the Arts: A summary of remarks
to the I.I.C. American Group in New York, June 19630, Studies in Conservation .9 (1964), pp. 126-129.



methods and materials for the conservation of the objects: the Centraal Laboratorium voor
Onderzoek van Voorwerpen van Kunst en Wetenschap (Central Research Laboratory for [the
examination of] Objects of Art and Science, from here on referred to a¥ Cik¢ IRPA, CL had
laboratories and restoration studios. H. Lodewijks was its Director. At the outset, the Advisory
Board for CL, consisted primarily of scientists. (Non-scientists were its secretary, D.F. Lunsingh
Scheurleer, and A.F.E. van Schendel, then curator of paintings at the Rijksmuseum.) Lodewijks and
J.W.H. Uytenbogaat®, another member of the Board, were both chemical engineers from the, now
called, Delft University of Technology, in Delft. The chemist R. J. ForbesO field of study was the
history of science. He published, among other things, on bitumen and petroleum in afit\gurity.
Schendel had an affinity with painting conservation and restoration. Inspired by Coremans, who
used methods from the natural sciences for the examination of paintings (x-radiography and
microscopy for identifying pigments), Van Schendel pled for a interdisciplinary approach to
conservation: art historians, scientists and restorers should work closely together.

The author was employed by CL from the beginning of 1969. Before the foundation of CL,
there were discussions on the connection between archaeology and the natural sciences, reflecting
developments abroad. Judging from publications, in the Netherlands it was predominantly C-14
dating, performed in Groningen, that preoccupied archaeélofjye reason for founding a special
laboratory in The Netherlands for the examination of cultural objects other than the prehistoric
artefacts of interest to archaeology lay in the poor conditions of storage and preservation of historic
objects. There were huge quantities of neglected objects, in collections, archaeological and
otherwise, in small museums and other public buildings all over The Nethettands.

Interdisciplinary co-operation

The reason for setting up specialised laboratories in the museums rather than using existing
laboratories in universities and industrial companies is that the latter are generally not adequately
equipped - with instruments and analytical chemists - for the identification of the components in
tiny, complex, inhomogeneous samples from art objects. The focus of university and industrial
laboratories is not on art, nor on the manufacture and preservation of the objects nor on the
development of materials for their conservation. It is not in the interest of industry to develop
products whose application can be reversed, if necessary, after a hundred or more years. Even more
importantly, unlike workers in industry and in fundamental research in the universities, scientists
working in the field of art conservation have to dare to step across the border of their own

18 This is not the place for a full history of CL and the choices that were made when CL was founded. Hopefully this
history will be written sometime soon.

19 Perhaps the most colourful figure in the Advisory group. In his capacity as Professor Extraordinary of Mechanical
Engineering at the TU Delft he was in the resistance group OPackardO, investigating V2 rockets and assembling one
from wreckage after the bombs on Wassenaar, his home town. See J.M. lamém, oorlog. De dagboeken van

majoor Dr. J.M. Somer, hoofd bureau inlichtingen te Londen 13 maart 1942-22 september 1943, Baarn, 1981. Also, P.
Th. L. M. van Woerkom, ODeskundig, heldhaftig en vergeten. De V2 en het dubbelleven van prof. J.W.H.
Uytenbogaart®, Delft Integraal 2 (2004), pp. 26-31.

20R.J. Forbes, Studies in early petroleum history, Leiden 1958.

2Linfo: Rijksdienst voor het Cultureel Erfgoed (RCE) in Amersfoort. See for example: H. de Vries, G.W. Barendsen and
H.T. Waterbolk, OThe Groningen radiocarbon daeshce 127(1958), pp. 129-137.

22 3, Willink, ORoerend erfgoed: ruim een halve eeuw rijkszorg voor collectiesO, in Joost Willink (ed.), Roerend erfgoed:
ruim een halve eeuw rijkszorg voor collectiesiden 1997. Dienst voor 's Rijks verspreide Kunstvoorwerpen (DRVK),
1949-1975. Bureau van de Rijksinspecteur voor Roerende Monumenten (IRM) 1949-1986. F.J.H2upaecw strijd

voor Nederlands Cultureel Erfgoed, The Hague 1975.



discipline, into art history, conservation and restoration and other areas, while people in the arts
have to try and understand natural scientists. Prior to the twentieth century there was no such strict
division, but over the past century it has become increasingly difficult for different disciplines to
truly understand each other. Each particular science or arts discipline has its own terminology.
When C.P. Snow, a scientist by training, introduced the term Otwo culturesO in his 1959 Cambridge
lecture to refer to the communicative gulf that had arisen between the sciences and the humanities,
he cited the example of poets occasionally using scientific expressions, for instance, Opolarised
light®. Poets were not aware of the specific meaning of the term, said Snow, they used it Ounder the
illusion that it was a specially admirable kind of lightO.

Coremans, the analytical chemist mentioned above, was a strong supporter and even the
initiator of interdisciplinary collaboration. He was the editor of the exemplary 1953 publidéison
Mystic Lamb in the Laboratory, on Van EyckOs famous altarpiece in Ghent, exemplary because the
publication is at the same time a document on (the examination of) Van EyckOs technique and on the
restoration of the artwork. In his publication, Coremans states that it would not do to report that
the Mystique Lambwas ill, that it was treated and that the result was satisfactory: Such a
cornerstone of art history demanded more attention. Therefore it would be Onot only desirable but
essential to characterise the symptoms of the illness, describe the treatment and relate the results
obtained about the materials used by Van Eyck to artists, art historians and laboratory researchers
and techniciansO. Of course, sick works by less famous artists deserve the same attention.

The scientist is in a position to bridge the gap between restoration and science in situations
like the above. He or she can OtranslateO questions asked by the conservator-restorer into scientifi
ones. For instance, the analytical instrument to be chosen, and its optimal conditions for analysing
certain specific materials. A specialised analytical chemist can only do such a judgement. However,
analytical work is only one small aspect of what science can do for conservation. Since the 1950s,
there has been an ongoing dialogue, first on Oscience for conservatorsO, and, more recently, o
Oscience within conservationO, namely incorporated into the training of conservatord&estorers.

Publishing

Publishing reports and results of the technical and scientific examination of art objects, not only on
materials and techniques used by artists, but also on conservation treatments and the evaluation of
such treatments (deterioration processes, restoration materials, changes in ethics towards
conservation and restoration, etc.) is essential. Findings, from such examinations, by all parties in
the interdisciplinary community, should be accessible and of use to the conservation community at
large, rather than being hidden in internal files or within an institute. The conservation community,
although relatively small, is scattered all over the world (like the cultural objects) and publications
provide a means of communicating. Difficulties in communication due to the fact that the work
involves different disciplines - from art and art history to chemistry, physics, geology and more -
have to be overcome. Of course the demands for keeping up-to-date on knowledge do not differ
from any other very specialised profession.

23 C.P. Snow, Two cultures and A second look, Cambridge 1972, p. 16.
24P, Coremans, LOAgneau Mystique au Laboratoire, Exament et trait@nmesetp 1953.
253, Bergeon e.a., OLa recherche en conservation-restauration: pour I0Zmergence dOube Tisbipdiree(1997), pp.

104-110. G. Roy, OThe relevance of science training to the practioneer nowQ, in The interface between science and
conservationO, in S. Bradley (ed.), British Museum occasional paper 116, London 1997, pp. 25-30.



International professional relationships resulted, in 1932, in the quarterly joeaadical
Studies in the Field of the Fine Agsblished by the Fogg Art Museuthlt ran up to 1942 and, in
1952, continued aStudies in Conservation, after IIC [International Institute for the Conservation of
Historic and Artistic Works] was founded in 1950The goal of publishing Technical Studies was
to spread ideas about conservation, underpinned by scientific examination, among a larger audience
of conservators/restorers, curators and perhaps the general public. As statefditotied to the
first issue of SIC, Othe whole outlook (of the journal) has been conditioned by the experience gained
with OTechnical Studies in the Field of the Fine A#3@n thé&ditorial, the need of such a journal
for conservator-restorers is stressed: they had, since 1942, been bereft of any medium of
communication of a strictly comparable type. There was no pre-conceived planning as to the
division of contributions into Otheoretical® and Opractical® categories. Thus the selection of article
for publication in SIC depended on who was willing and in a position to write, and on the mood-of-
the-moment. In the early days, the authors were the people who had been active in advancing
science for conservation, for instance Paul Coremans, who continued reporting on the technique of
the Flemish Primitives, including Van Eyck@gstic Lamb, in SIG?

Publishing findings has remained important up to the present. SIC has lived up to its
promise; it is a truly interdisciplinary and international journal. Objections by conservator-restorers,
who find the current SIC impossible to read, with its excessive charts and graphs, too much data,
and lack of OusableO information, were - rightly - brushed aside by the editors: OlIC members
should be proud that Vol. 54:the volume scrutinised by the editors as a basis for their response,
represents the work of a broad range of professionals (chemists, biophysicists, biologists, material
scientists, conservators, geologists, archaeometallurgists) from six different codptri@thér
conservators, sensibly, skip the passages with graphs and read the abstracts®areéutiyowth
of interdisciplinary work in the field of conservation science is reflected by the enormous increase
in the number of publications and the number of their authors in recent years. It is not exceptional to
find up to eight authors of a single article, with at least one of them a conservator. Many of these
articles could have been published in recognised specialist science journals, as tends to happen
increasingly in any case - another reason for SIC to remain as it is; it is more accessible for
conservators than science journals. There are also new, specialised, journals, for instance the
Journal of Cultural Heritage, a multidisciplinary journal of science and technology for conservation
and awareness, published since 2808.

It is worth of note that curators and art historians are missing in the summing-up of the SIC
editors (see note 30). Fortunately, they do offer opportunities for publishing on the technical
examination of paintings, in museum journals and museum and exhibition catalogues. The articles

26 For publications of the results of the collaboration of a small OCommittee of ExpertsO prior to the appearance of
Technical Studies see H. B. BrooKsshort history of 1IC, Foundation and developmémndon (The International

Institute for Conservation of Historic and Artistic Works) 2000, p. 4.

27 op. cit., note 26.

28 OEditorial®, Studies in Conservation |, (1952), p. 4.

29 p. Coremans e.a., OLa technique des OPrimitifs FlamandsStutiigs in Conservatioh (1952-4), pp. 1-29. P.
Coremans, OLa technique des OPrimitifs FlamandStudiés in Conservation | (1952-4), pp. 145-161.

30, Podany, President IIC, OA Letter. Too many charts and grajs8 i@ Conservation, 16 February 2010, p. 8.
31 Personal communication with restorers.
32 Elsevier, available on Science Direct. Al®ulletin IRPA, Art MattersThe National Gallery Technical Bulletin,

Techne, The British Museum Technical Research Bylkatich many others. Further information is to be found on line:
European Cultural Heritage Network.



on Frans Hals and Judith Leyster in this thesis are examples; they were originally published in
exhibition catalogues. The paintings selected for the study of the painting technique by these
particular artists were, as far as possible, those that were chosen by the curators to be exhibited. The
articles are the result of the technical examination of paintings in close collaboration between a
conservator and a scientist, as described below.

The popularity of exhibitions that include the technical examination of the paintings in them
proves that the general public is also interested in the technical aspects of paintings, sometimes
attracted by questions of authenticity. A recent example is OMaster piece or copy?0, the exhibition in
Museum Boijmans Van Beuningen, showing two versions of Anthony Van DgaifisJerome
with an angel. The makers of the exhibition led viewers through the process of the examination
(which involved mainly judging photographic material by the use of oneOs own eyes) for concluding
which painting is OrealQ, that is: made by the master. An extra bonus in the educative show was tha
the viewers came to realise that the non-real painting was not to be called Oa fakeO, but Oanoth
version, possibly a studio copy of the OrealO Van Dyck pafitingO.

Science for conservation and art history

The time-consuming aspect of the work B the microscopist and the restorers peering constantly
through microscopes - can surprise those not directly involved in the work on pictures. To
everyoneOs surprise, in the caseTlé Mystic Lamb, the examination, in advance of actual
treatment, took a long time. It was still a novelty in the 1950s to spend so much time on the patient
technical examination of paintings. (Nowadays the time allotted to examination by trained restorers
and scientists is threatened by the pressure of making pictures presentable for loans). However, the
time spent on the examination is, as Coremans states Oa prime condition for the reunion and the
confrontation of elements from the historical, scientific and aesthetic orderO, and Owithout the
appreciation of these elements no one has the right to take the responsibility for the treatment of an
important art work. The time when one would permit a work of art to disappear for several months
into the studio of a restorer-alchemist with a keen interest in secret and magical formulae 3 overO.
That time is indeed over. The present-day restorer is trained in chemistry, examines a picture before
treatment, preferably and sometimes necessarily in interdisciplinary collaboration.

This is an essential part of conservation. The examiner is trying to interpret what he sees,
trying to connect the build-up of paint layers with the observations on the picture surface.

CoremansO words imply that the technical examination and restoration/conservation can be
used for answering art historical questions. This is indeed the case. However, in contrast to the
collaboration between restorers and scientists, the Otwo culturesO are much more evident with
scientists and art historians. At the technical, practical part of the ORembrandt after three hundred
yearsO symposium, held by The Art Institute of Chicago in 1969 and organised with the aim of
hearing what scientists could contribute to art historical Rembrandt research, Nathan Stolow - a
scientist - in the round-table discussion remarked that Othe art historians are ready to devour us ever
in advance of what we might want to sayO. Von Sonnenburg, trained in art history as well as in
restoration and conservation, tried to soften the presence of scientists by remarking that Oa number

33 F. Lammertse e.a., exh. catleesterwerk of kopie? Twee versies van Anthonie van Dijcks Heilige Hieronymus met
een engel, Rotterdam (Museum Boijmans Van Beuningen), 2009-10.

34 Coremans, op. cit., note 24, p. 9.



of the methods referred to (in the examination of paintings) are extensions of the human eye which
need interpretation,O adding that the term OscientificO does not apply®o these.

In conservation there is clearly a need for the examination of paintings using the human eye,
whether extended by microscopes and chemical analyses or not, while in art history the need for
such an extension is not always acknowledged. Even nowadays, with very few exceptions, it is not
the art historian or curator who asks for a scientific examination and incorporates the results of such
examination in his or her art historical theory. Archaeologists are good at requesting science. For
example geoarchaeology, set up at the Vrije Universiteit in Amsterdam, bridges science - geology -
with archaeology. It is incorporated in the Faculty of Earth Sciences. The way of working of the art
historian seems to conflict with that of the scientist (expecting clear and unambiguous answers from
scientists, publishing in books rather than journ&l§)owever, a few art historians do regularly use
technical means of examination in their work as researchers in a conservation degartment.

In conservation/restoration, scientists are welcomed with open arms and an open mind.
Restorers feel the need for scientific examination and analyses. For example, to arrive at a diagnosis
one asks: where does the bloom spring from; should it be removed and which solvent would
remove it; are there later additions and alterations in the composition; is there any varnish left, or
has the paint layer itself changed in appearance; is it a later copy altogether, etc.? Obviously the
answers to all these questions have an impact on the art historical appreciation of the object by the
change in appearance of the object after restoration. The conservator- restorer has to convince the
art historian or curator of this desirability of such a change; he needs arguments, results from
scientific examination. The technical examination of paintings is really part of conservation, and of
great importance to art history; it is an extension of an art historical approach. It should not
therefore be termetchnical art historywhich would imply that the examination of paintings is a
different type of art history, instead of part of it. And the temmchaeometryis used for
archaeological science, it would not seem to include art w8rks.

The conservator-restorer has to convince the art historian or curator of this desirability of
certain interventions that would change the perception of the picture. He needs arguments, results
from scientific examination. Over the years restorersO attitudes have changed towards minimal
intervention. The times when a curator could say Othese blue leaves, just paint them over, make
them greenO are over. Even if the examination helps in explaining the appearance of the picture, we
cannot be sure what it looked like in the F4sthe viewer should not be looking at the restorerOs
OhandO. Not only the museum curator, also the commercial art world, nowadays, accepts alteration:
and traces of ageing in pictures.

35 ORound-table discussion. Technical aspects: Scientific examination. Topic defined by Hubert F. von Sonnenburg.
Moderated by Nathan Stolow. Panelists: Richard D. Buck, Josua Bruyn, Alfred Jakstas, C.F. Louis de Wild, William
Suhr,® inThe Art Institute of Chicago, Rembrandt after three hundred years: A Symposium - Rembrandt and his
followers, The Art Institute of Chicago, October 22-24, 1969. Chicago 1973, pp. 83-101.

36 J.R.J. van Asperen de Boer, OSome reflections upon the impact of scientific examination on art historical research®, in
E. Hermens (ed.), Looking through paintings, Baarn 1998, pp. 13-17.

37 There are, for instance, Melanie Gifford at the National Gallery of Art in Washington, Margriet van Eikema Hommes
at ICN and Arie Wallert at the Rijksmuseum in Amsterdam.

38 OArchaeometryO does not exist as a word; it is not included in the 1979 e@ititinoDictionary of the English
Languagenor in the recent on-line version of the Dictionary. The term seems to be the clever contraction of two words,
since 50 years the title for the Oxford jourAathaeometry, with half of the title printed in bold.

3 For thoughts on the relation OperceptionO - OconservationO see: E. van de Wetering and D.H. van Wegen, ORoaming
stairs of the tower of Babel. Efforts to expand intperdiciplinay involvement in the theory of restdrafegrints
ICOM Committee for Conservation, 8th triennial Meeting, Sydney 1987, pp. 561-565.



Ways of seeing

The visual examination of paintings, and cultural objects in general, is often crucial in guiding the
conservatorOs approach and in questions of attribution. This starts with the examination by the
naked eye, followed, if necessary, by further visual examination assisted by magnifiers and
technical photographs. The examination enables one to discern features that are not visible to the
naked eye. Not only before treatment, but also during the restoration itself, the trained restorer
continuously asks him or herself questions about the build-up of the paint layers. By working in
close collaboration with scientists/microscopists during their training, in the last decades, restorers
have learned to recognise specific features in the paintings. The examination is not just
interdisciplinary in a loose sense; part of the work of scientist and restorer actually overlaps here.
The scientist has to understand the painting as well as possible in order to be able to answer the
restorerOs questions satisfactorily, by choosing the correct follow-up methods of investigation. The
answers to these questions have consequences for the restoration (which is, of course, the restorerC
responsibility) and thus for the perception of a picture, as stated above.

At the beginning of 1973, a small department for art history was formally added to the CL,
whose task consisted of art historical research for restoration, conservation and science projects at
CL. In addition, the history of restoration was to be studied as well as written sources on artistsO
techniques. Ernst van de Wetering, member of the Rembrandt Research Project (RRP), became the
head of this department. The RRP had been set up in 1968 with the stated purpose (in the first
volume ofA Corpus of Rembrandt Paintings) conduct Oconscientious examination, making use of
up-to-date methods of investigation whenever posstBIB&fore any scientific examination, each
painting was to be described, including its purely physical features: the paint layer, the ground, and
the support. This was a novelty in art history b and in science too. Van de Wetering, who had not
only been trained as an art historian but also as an artist, introduced the concept that a coherent view
of an artistOs technique, in this case Rembrandt, had to be known as part of the basis for attribution.
In order to know the technique, the stratified structure of a painting resulting from the actual
painting process had to be examined. X-radiographs served this purpose best, plus the use of the
stereomicroscope and paint samples. However, results from the analyses of samples, obtained by
different institutes so far, and presented at the 1969 Chicago Rembrandt symposium, had not given
a coherent picture of RembrandtOs working process. Furthermore, the range of pigments used hac
been shown to be limited.It turned out that it was necessary to think as an artist, to look at how
the master did it as if one were his pdgilThe author joined the Rembrandt project at the stage
when it was decided that a number of paintings would be systematically examined with the use of a
microscope. Not only the art historian, but also the scientist should adopt the same viewpoint D
what questions to pose to the painting and how to interpret analytical results. We started the
examination of paintings by the young Rembrandt, produced in his Leiden years (1625 -1631).
Layers comprising middle tone, highlight and shadow were found not only while looking through
the stereomicroscope at the surface of the painting, but also in the paint cross-sections. Conversely,
the information obtained from paint cross-sections could be extrapolated to the paint surface. The
investigation of the artistOs working method by laborious scrutiny of the paint surface contrasts with
Opoint analysisO, a term sometimes used to refer to the examination of paint samples. Rembrandi(
earliest paintings - all on panel - were all found to have the traditional priming for panel as

40 J. Bruyn e.a., A Corpus of Rembrandt Paintings, |, The Hague, Boston, London 1982), Preface, p. IX.
41 0p. cit., note 35, p. 94.

42 Bruyn in op. cit., note 40, p. XV.



described by Theodore De Mayerne in 1620. These findings were new. An account of RembrandtOs
way of working on these early panels, using a specific method and working economically (starting
with a middle tone, followed by the lights and the dark tones) was publishadQarpus of
Rembrandt Paintingand in articles irDud Holland*? In retrospect it is remarkable that the work

was published in two separate articles. | was the one who was still clinging to a world of Otwo
culturesO. In the Bardwell article (see list of articles in this thesis) we clearly stated who wrote
which part within one article.

Since the examination of the young Rembrandt, the examination of paintings has always
been carried out with this question in mind: how did the artist do it? To answer questions posed by
restorers, a scientist always has to translate the question into a scientific one and has also to be very
critical about why one wants to know what. Therefore, scientists should also know the picture
inside out, by looking at it and through communication with others. The way of looking at paintings
described here was introduced to trainee painting conservators at the Hamilton Kerr Institute,
University of Cambridge, UK, (HKI) and later at the Stichting Restauratie Atelier Limburg (SRAL),
modelled after HKI. Both institutes have small in-house laboratories. Paintings were examined in a
close collaboration between the analyst-microscopist and the trainee restorer. This part of the
training involved the scrutiny of the pictureOs surface, all the while pointing out and discussing the
particulars being observed. It was a true master-pupil relationship. Paint cross-sections were studied
using an instruction microscope, i.e. a microscope with two pairs of eyepiece lenses (objectives)
and a pointer. In our digital era, a screen for digital images can be added, making the exercise a true
masterclass. Paint cross-sections were studied in the same way. Whereas in the 1960s and 70s, a
CL, restorers were not supposed even to look through a (research) microscope B which was, after
all, the domain of scientists B things had changed drastically, partly out of necessity: too many
requests for time consuming work by too few scientists.

Conservation science

After the visual examination further examination is often needed, by scientists. Instrumental
analysis should remain in the domain of the scientists, as stated above. Only they can judge what
instruments to use for answering certain questions and interpret the results obtained. This,
depending on the question asked, often includes the examination of paint cross-sections, as will be
shown in a few examples below.

The termconservation sciendeecame part of the conservation communityOs vocabulary c.
forty years ago; it is not possible to be specific. What it refers to is the interface of science and
conservation. The examination of paintings and materials from them - sometimes erroneously
referred to as the Otechnical study of paint cross-sectionsO - in my opinion and experience belongs tt
conservation science. The problem with the teonservation sciencées not so much in the
question of whether the restorer uses the outcome of the investigation for his approach or not, but in
the fact that the examination is part and parcel of conservation and, through conservation, of art
history. In the museum, the person responsible for decision-making is the director. But, the curator,
endorsed by the director, can make a reasonable decision only if he takes material aspects into
account.

The technical examination is often of consequence in the work of the restorer.
Unfortunately, reports of such examinations do not often reach the stage of publication; they tend to

43 Bruyn, op. cit., note 40, pp. 11-33. Ernst van de Wetering, OThe young Rembrandt @ugbhk@lagdgl (2977),
pp. 61-65; Karin Groen, OSchildertechnische aspecten van Rembrandts vroegste schi@&eipdmal aspects of
RembrandtOs earliest paintings. Microscopical observations and the analysis of paint s@ugeDand91 (1977),
pp. 66-74.



disappear into documentation files in the institutions concerned. In this thesis, however, the article
on RembrandtOs binding medium, the three articles under OChanging coloursO and the last article,
VermeerOgirl with the pearl earring,relate to aspects of conservation or are wholly concerned

with conservation.

In the past, not much was known about the manufacture of paintings based on scientific
examination. Max Doerner®almaterial und seine Verwendung im Bilde (The materials of the
artist and their use in painting), first published in 1921, was not based on scientific analyses but on
DoernerOs experience as an artist when copying old master paintings: the paint did not show
wrinkles as it did in the works by his - much later - followers who usett diloerner warns
restorers erroneously about the vulnerability of the Ostrongly resinous natureO of RembrandtOs (an
RembrandtOs pupils, and Vermeer, Hals, Rubens) painting medium (Venice turpentine, mastic and
thickened oil), a warning that has unnecessarily prevented the cleaning of paintings for many years.
In fact it is safer to remove the resinous, darkened varnish from oil paintings than from paintings
made with a resinous medium. The book is still in demand with students in art academies and some
of the art academy students become restorers.

Numerous later impressions, revised editions with sometimes up-to-date extensions, and
translations of DoernerOs book have appeared. Comparing these, one gets a very interesting insigh
into the development of conservation through history, and into different attitudes - towards the book
- internationally. But it is not the goal of this article to compare fully these editions. However, in the
16th German impression from 1985, DoernerOs warnings about RembrandtOs strongly resinous pain
have still not been adjusted. By the time of the 17th German edition, in 1989, they have been, by
Hans Gert MYller, using the information from scientific analyses. The outcome of these analyses is,
that the binding medium used by Rembrandt is a dryin¢f @l fact also mentioned in the 1993
Dutch edition, translated from the 17th German editforiThe latest, 22nd, German edition
appeared as recent as 2007. An English edition first appeared in 1934, with more imprints up to
1984, all more-or-less literally translated from the 1921 German edition, without the note on the
scientific analysis of RembrandtOs binding mediuboernerOs book is in some aspects exemplary,
but the chapters on the painting techniques of the old masters no longer fit the knowledge required
by restorers. That may well be the reason for no further English editions after 1984.

DoernerOs resinous Rembrandt copies may not have wrinkled, they have darkened, the way a
varnish would, differently and far more than the original Rembrandt - oil -paintings.

Translucent top paint layers or glazes, i.e. medium-rich paint, have always been a concern
when cleaning. The problem is two-fold. Firstly, their recognition by the restorer. Is an original
glaze present, which should be preserved, or is this brown material a later applied varnish to be
removed? Secondly, is their solubility possible? The microscopical examination of paint samples
has shown that (organic red) glazes can be found in paintings by Rembrandt and other seventeenth
century painters. Fortunately these glazes constitute oil paint - at least in the seventeenth century as
stated above. When glazes have gone, this is mostly due to rough cleaning in the past. (Nineteenth
century paintings are often impossible to clean because of their soluble - resinous - paint layers
including glazes). Because of chemical analyses, we now know that cleaning a painting by

44 Max DoernerMalmaterial und seine Verwendung im Bilde, Stuttgart 1936 (5th edition, revised and extended), p.
298.

45 Max Doerner, Malmaterial und seine Verwendung im Bilde, Stuttgart, 1994, p. 301.
46 Max Doerner, Schilderkunst, materiaal en techniek, The Hague 1993, p. 324.

47 Max Doerner,The materials of the artist, and their use in painting with notes on the techniques of the old, masters
London 1984.



Rembrandt is no more hazardous than cleaning any other seventeenth century oil painting, as far as
the material aspect is concerned.

In Johannes VermeerGsl with the pearl earring, it was the problematic background that
needed investigation during the restoration. The background appeared uneven and spotty. The poor
state of the painting may be related to earlier restoration procedures. Investigation was undertaken
for understanding the background (as part of a larger study of the techniques and materials used by
Vermeer).

Questions asked by restorers are often about the originality of surface layers and the
decision that has to be made: is there a layer that should be removed or is it original? If original,
ethics in restoration dictate that it should be left alone, even if it does not have the appearance
meant by the artist. Original green layers can have turned brown and therefore difficult to
distinguish by the naked eye from varnish layers (see the article OTowards identification of brown
discolouration on green paintO and its update in this thesis); green paint can have turned blue (see
the article Othe foliage tends almost to blueO in this thesis); surface layers can have turned white fol
reasons of discolouration of the pigment or chemical or physical changes in the binding medium,
etc, etc. Combinations of these factors, plus irregular treatment in the past, were recently witnessed
again in Cornelis van Haarlem{@saltijd van de Haarlemse schutters en de Cluveriietbe Frans
Hals Museum in Haarlem, where, surprisingly, discoloured smalt, mixed with red lake, was found,
intended originally as a glaze of a purplish colour, on top of a half-glaze containing red lake. The
question by the restorers had been if there were remnants of old degraded (oil) varnishes left on the
surface, or whether the origin of the degraded (OblanchedQ) appearing surface lay in the paint laye
itself. After the examination of the samples it has become much clearer what spot constituted the
remnant of varnish and where the original, degraded smalt/red lake glaze was still present. It has
also been ascertained which spots had been over-cleaned in the past, actions that had causec
degradation of part of the original binding medium of the glazes in this painting.

On paintings which were formerly thought to be less remarkable, and therefore treated less,
one sometimes, unexpectectly, comes across glazes when using an ultraviolet lamp; subsequent
examination of a paint cross-section from the same area does indeed reveal a beautiful, intact glaze.
If the painting had not been examined technically in that way, the glazes would have escaped
notice. The glazes had deluded the naked eye and the stereomicroscope. This was for instance the
case with a Cornelis Dusart@slagkamer in een dorpsherberythe Frans Hals Museum, where
red glazes, related to specific forms, were detected in this way. It makes one suspect that on other
paintings, glazes may have disappeared in the past.

At the Hamilton Kerr Institute, where the author for nearly ten years ran a small laboratory
next to the restoration studio, the adage concerning surface layers was: Owhen in doubt leave well
alone.O

Low-tech science for art history
A lot of data, gathered over a long period are needed for answering some of the questions posed by
art history. Not only chemistry, also knowledge of geology, written sources, archival and other
material is needed for answering certain questions. OHigh techO instruments are not always needed.
It is clear from the second article in this thesis, OGrounds in RembrandtOs workshop and in
paintings by his contemporariesO, that a low-tech investigation is sometimes sufficient for
answering art historical questions. In this case the question was: is the use of quartz grounds
restricted to Rembrandt and his studio, a question already posed by KYhn and discussed at the



Rembrandt symposium held by The Art Institute of Chicago in 96 general, sufficient
information was obtained by using a light microscope together with an electron microscope, with
the energy dispersive X-ray analysis (SEM-EDX) for identifying chemical elements in tiny areas of the
paint cross-section. In a few caseseeded approximately 30 um thin sections, made of the
embedded paint sample, so that these could be examined in transmitted light. X-ray diffraction
analysis was also carried out, specifically to show that the quartz present is alpha-silica, or ordinary
sand. The difficulty in answering the question concerning the quartz ground lies not so much in the
analytical instruments used, but rather in the availability of sufficient samples to permit a statistical
assessment. The answer could only be given after many samples had been analysed. The presen
author has been studying Rembrandt paintings in collaboration with and in the context of the
Rembrandt Research Project since 1973 - first at the CL and later at the Hamilton Kerr Institute in
Cambridge and the SRAL in MaastricAtCorpus of Rembrandt Paintinysl. 4 appeared in 2005.

It thus took more than forty-five years - since KYhnOs and CoremansO investigations and
publications on the quartz ground found in the Stutt§eH-portrait- before the answer to the art
historical question could be given. In many cases, samples taken and analysed earlier had been
removed with another objective than that of studying the build-up and the composition of the
ground layers. Often the original question had to do with treatment of the painting.

Since the Rembrandt research on ground layers, the examination of them has become an important
area of attention. This may seem surprising at first. Why bother to look at the ground? One should
look at the paint, as Norman Brommelle - former Director at HKI - remarked. The importance of
knowledge of the materials used for the ground preparation of canvases lies in the fact that
materials used for it could be local and therefore useful in attribution. Most pigments used in
seventeenth century Dutch painting had to be obtained from afar since Holland does not have
minerals apart from clay and sand. In the case of Van GoghOs paintings, ready-made (tube) paints
were available from Ocolour-menO and shops by the late nineteenth century, but investigating the
grounds of his paintings B besides the pigments in the paint - could still provide information on
provenance and dating. The same techniques of investigation were used as in the investigation of
RembrandtOs grounds - optical and electron microscopy. It turned out that Van Gogh (and Gauguin)
first tried chalk as filler in the ground preparation, then barium sulfate and then lead white and
finally lead white/zinc white mixtures. These findings were related to the date and place where the
artists worked? The investigation has now been extended to a large comparative technical and art
historical study of preparatory layers, and canvasses, in paintings by Van Gogh, Gauguin, Monet
and Renoir, at The Art Institute in Chicago, supported by The Getty Foundation.

The identification of chemical elements in paintings - interpretation of the results
Whether the result of the examination under the microscope, or through the use of nuclear facilities,
results obtained always need interpretation. Most of the analyses using high tech instruments need
microscopy for the interpretation of the results obtained. This can be stated for every specialised
laboratory.

Thus, in the first year of the CLOs existence, Lodewijks, the director, in the 1960s, remarked
that the activities in the laboratory were considerably limited by the lack (due to the long time of

48 Op. cit. note 35, p. 84. See also OGrounds in RembrandtOs workshop and in paintings by his contemporaries,O in this
thesis.

49 D. W. Druick e.a., exh. catan Gogh and Gauguin: The Studio of the South, Chicago (The Art Institute of Chicago),
Amsterdam (Van Gogh Museum) 2002, Appendix, p. 359.



delivery) of several instruments that were indispensable for the research, especially a large research
microscope for the identification of pigmefAfs At the same time the Petten Research Centre
offered CL their nuclear reactor facilities for the examination of art objects. Petten very much
wanted Osomething with artO, to show the Queen, when she would visit the nuclear plant, something
different from the scary radioactive faciliti®sArt is always more attractive to look at. Neutron
activation analysis (NAA) was a method that was rather popular abroad for the identification of
chemical elements in works of 8#tAlso, the investigations by A.M. de Wild of the pigments used

by Dutch Masters (by means of microscopy and micro- chemical methods) had shown that a
relatively large number of pigments had been in use over a very long period and could not provide
information for the precise dating of paintings. (A.M. de Wild, a Chemical Engineer from Delft, in
1928 wrote his PhD thesis on the scientific investigation of paintiHgsnatuurwetenschapplijk
onderzoek van schilderijéf). It therefore seemed likely that more information could be obtained
from impurities present, since pigments prepared nowadays will be prepared from better purified
base material. Lead white especially was a good candidate, because lead white contains silver and
the extraction of silver would have improved over the years.

NAA can be used either on objects - then the method is also referred to as autoradiography -
or on samples from objects. When used on objects, results can be read from a series of photographic
plates that were sensitised byarticles, emitted from the painting after radiatfdn.For the
interpretation of the photographic plates - at what depth in the layer structure is a particular
chemical element sitting? - samples had to be taken and cross-sections studied and>analysed.
Radiation of samples permits the identification of trace elements. Dr Hermann KYhn, then scientist
at the Doerner Institute in Munich, found that NAA could indirectly be used for provenance studies
and therefore for the purpose of authentication and d&tizgPetten, in the end, in the sixties, the
method was tried on art objects, (coins, alabaster) rather than paintings. Samples from paintings
were radiated at the Reactor Institute of the Chemistry Department in Delft, where Prof. J.P.W.
Houtman was the Scientific Director and Head of the Department. Houtman and co-workers
confirmed KYhnOs findings: the concentrations of copper and silver especially were rather constant
over a period before approximately 1850, after which they dropped to about one tenth of the earlier
value5” Houtman worked on Netherlandish paintings only; KYhn found a high copper content in
lead white in early Venetian paintings. Zinc and antimony were low before 1940 and have increased
strongly in more recent times. The most likely explanation, according to Houtman, was the change

50 Nationaal Archief in The Hague, archiefvormer No 2.14.76, Centraal Laboratorium voor Onderzoek van Voorwerpen
van Kunst en Wetenschap, 1963-1997. Annual reports, written by J. Lodewijks, 1 mei 1963.

51 Oral communication J.R.J. van Asperen de Boer.

52 E.V. SayreProceedings of a Seminar on the Application of Science in Examination of Works of Art, Boston (Museum
of Fine Arts, Research Lab.) 1958, pp. 153-177.

53 A.M. de Wild, Het natuurwetenschappelijk onderzoek van schilderijen, The Hague 1928. Translatddhento
scientific examination of pictures, London 1929.

* For a description of the technique as it is used on paintings see, P. Meyers e.a., OThe technical procedures and the
effects of radiation exposure upon paintings@ytirand Autoradiography, New York (The Metropolitan Museum of
Art) 1982, pp. 105-110.
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57 J.P.W. Houtman and J. Turkstra, C)Neutron~ activation analysis of trace elements in white lead and the possible
application for age determination of paintingsernational Atomic Energy Agency Symposium of Radiochemical
methods of analysis, Salzburg, 19-23 October 1964, Paper No. SM-55/91.



in purification methods for lead white and the adulteration with zinc white in modern times. In the
nineteenth century new methods for the manufacture of lead white did indeed come #%to use,
although not in Holland, where the traditional method, named the ODutch stack processO, continuec
well into the twentieth century. Years later, in 1987, J.R. Lancelot and A. Allegret in their ICOM-
paper confirmed HoutstraOs analytical data (as far as the detection limit of their technique permitted,
for some of HoutmanOs results were below their detection limit), but explained the results
differently. According to them, the early lead white would indeed have been manufactured in
Holland (as well as in England) from English lead ores, but, during the industrial revolution in the
nineteenth century things changed. Through commercial exchanges with North America and
Australia a different type of lead was imported into Europe. Also, in the nineteenth century
Germany and Austria dominated the production of lead white, and from the end of the nineteenth
century it was America that dominated the world production of lead whitke change over time
in the concentration of trace elements in lead white should therefore be attributed to the use of
different lead ores. Lancelot and co-workers backed up their thesis with data from lead isotope
(?°%PbAo4PDb) ratio measurements, (the approach used by Keisch and co-workers in Pittsburg, with
the purpose of identifying the source of the lead ore used for the manufacture of le&f) Whity.
found, interestingly, that Pb isotope ratios are more or less constant in Middle and Southern Europe,
the lead originating all from the same continental crust of 60@.4érs old. In Scandinavia and
Scotland the crust is much older, in the order of 2000°x% 2000 x 10 years® The conclusion is
that lead isotope ratios in paintings originating in Holland, France and Italy are the same till the end
of the eighteenth century. From then on, lead (white) originating from an exotic, non-European
(America, Australia), reservoir was introduced and mixed with the European source.

The reason for relating this account of early work on trace elements and lead isotopes in
some detail is to show that a simple question - of authentication, dating or otherwise - can take a
long time, effort and money to answer. Trace and Pb isotope measurements cannot easily be carried
out on a routine basis. In the past, these measurements needed a nuclear research facility. Since the
middle of the 1970s, (accelerator) mass spectrometers are being used for separating (stable)
iIsotopes. These analytical instruments can rarely be afforded, nor maintained, by museum
laboratories. The opportunity to conduct such research only sporadically presents itself and rarely
through a sponsoring connection. These opportunities sometimes arise because researchers at the
facility are personally interested - and sometimes on a commercial basis.

Although the ultimate hope, expressed by Lodewijks that the identification of trace elements
in the paint of the different layers in paintings, by using neutron activation, would give an insight in
the characteristic properties of a particular artistOs work had not been fulfilled, he was on the right
track. KYhnOs and HoutmanOs pioneering work, in a close interdisciplinary co-operation,
demonstrated that it could to some extent be used for dating pufpoBeste is still scope for
further work: for instance, lead isotope ratio measurements could probably be refined. Might there

%8 For instance the Pattison process, a process dependent on the fact that lead which has least silver in it solidifies first
on liquefaction. A.l. Kossolapov and A.V. Sizov, Olmpurities in white lead and the metallurgy d?lepdn@s, ICOM
Committee for Conservation, 7th Triennial meeting, Copenhagen 1984, pp. 27-28.

%9 J.R. Lancelot e.a., OAnalyses de pigments blanc appliquZes ~ I0Ztude chronologiques des peintures des chevalet -
blanc de plomb,O Preprints, ICOM Committee for Conservation, 8th triennial meeting, Sydney 1987, pp. 67-73.

60 Bernhard Keisch, OOn the use of isotope mass spectrometry in the identification of artistsO [Btpmergs®,
Conservation 15 (1970), pp. 1-11.

61 Lancelot e.a., op. cit., note 59, p. 70.

62 |n 1968, after CoremansO death, Houtman took his place on the Board of Advice of the CL (Central Laboratory
Annual Report).



not be small differences within Europe? Since the early studies, provenance studies using lead white
was continued, in Oxford, by measuring lead isotope ratioOs in carefully selected ore deposits; only
those ores relevant to archaeology and art history were studied, first the Mediterranean, then British
lead and copper deposfts.

The identification and the explanation of their meaning of main elements is less complicated
than it is for trace elements. In 1973 CL obtained a Laser Micro spectral Analyser (LMA) with
quartz spectrograph, after it had been proven beyond doubt that chemical elements could be
identified in individual layers in paint cross-sections, without having to resort to a nuclear plant. At
the Vrije Universiteit (VU) in Amsterdam, an electron microprobe had been used for elemental
analyses at the CLOs reqéésthe short article in my thesis, a preliminary report on the brown
discolouration of green paint, rests on the results obtained at the VU. The LMA, manufactured by
Carl Zeiss in Jena, East Germany, was an instrument suitable for qualitative analysis of the
chemical elements in small, solid samples, (sample spot diameter c. 20 um), but its detection limit
did not permit precise quantification of trace elemént<CL was the second lab in Holland, after
the Institute for Forensic Science in The Hague, to purchase a LMA, which illustrates that the
examination of paintings (and other cultural objects) has at least one feature in common with
forensic science: small samples that stretch the limits of analytical instrumentation. The
introduction of electron microscopes and X-ray analysers put an end to the use of LMA; the
necessary glass plates for reading the LMA spectra were no longer produced, the instrument had
become obsolete and was transported to the science museum, Museum Boerhaave in Leiden.

Boundaries and limits

When investigating paintings technically, non-destructive techniques are preferred (when a sample
is taken, but is not destroyed by the analysis) and if possible, non-invasive techniques (which
involve taking no samples). The term micro-destructive was introduced for the examination of
samples using microscopy, FTIR and XRDFor obvious reasons, non-invasive investigation
seems the most attractive. It can be done using the naked eye, magnifying glass and/or
stereomicroscope, by using photographic techniques and some instrumental analyses. As an
example, synchrotron radiation induced X-ray fluorescence spectroscopy mapping (which produces
fluorescence spectra for each pixel) was used to visualise a hidden portrait under a Van Gogh
painting. The work was carried out by a collaborative team of scientists, curators and conservators:
the Technical University in Delft, the University of Antwerp, Deutsches Elektronen-Synchrotron
(DESY) in Hamburg and the Krsller MYller MusedmPigment analysis and the degradation of
pigments, for example the degradation of cadmium yellow (CdS) in paintings by James Ensor
(1860-1949), was also studied using synchrotron radiation based X-ray techniques. In the end,

63 Z. Stos-Gale e.a. C)Lgad isotope data from the isotrace laboratory, Oxford: Archaeometry database I, ores from the
Western Mediterraneandrchaeometry37 (1995), pp. 407-415. Svend Nielsen e.a., OThe Gundestrup cauldron: New
Scientific and Technical InvestigatiddsActa Archaeologica 76 (2005), pp. 1-58.

64 G. Elzinga-ter Haar, OOn the use of the Electron Microprobe in analysis of cross-sections of paintSadigesnO
Conservation 16 (1971), pp. 41-55.

65 | ancelot, op. cit., note 59, had invalidated the report by Kossolapov about the use of Laser microprobe micro spectral
analysis for trace elements in lead white: A.l. Kossolapov see op. cit., note 58, pp. 27-28.

66 D. Pinna e.a., (eds.$cientific examination for the investigation of paintings. A handbook for conservator-restorers,
Florence 2009.

67 J. Dik e.a,, O\ﬁsualization~of last painting by Vincent van Gogh using Synchrotron Radiation based X-ray
Fluorescence Elemental mapphgAnalytical Chemistry 80 (2008), pp. 6436-6442.



micro-destructive cross-sections had to be analysed as well as scrapings for XRD in order to
interpret the resulting data, a fact learned from experience and noted®afitemost important
guestion is: does the research have consequences for the restoration? The research has elucidate
the chemical transformation and subsequent physical processes that led to the fading of the pigment,
but what circumstances would have triggered the process, and when, is still a mystery.

Apart from the particular technique itself, the above collaboration is a contemporary
example of the early beginnings of the Central Research Laboratory, with scientists offering their
sophisticated equipment for research in the field of cultural heritage. Were there others motives for
them to do this apart from pure altruism? An obvious reason for scientists is that it sets them a
tangible problem-solving goal. There is also the attraction of working with beautiful and precious
objects: Rembrandt and Van Gogh have never had much trouble attracting scientists to work with
them. However, there have been other more practical gains from the advances made in the course of
this research on paintings. During period in the 19900s when scientific investigations related to the
Rembrandt Research Project were sponsored by DSM, this sponsored research led to an
improvement in the analytical techniques for identifying trace amounts of proteins in one of their
industrial products, aspartame, which they were producing on a world-wide scale. Chemically,
aspartame is a methyl ester of the dipeptide aspartic acid/phenylanaline. Contamination by break-
down products renders the artificial sweetener aspartame toxic. Long-term conservation research
can therefore assist research in other areas by the testing of high tech instruments, and through
testing their improvement and refinement. Cultural objects, especially paintings, stretch the ability
of the instruments to their limits, as samples from them are minuscule. To my surprise, | learned
that DSM undertook to sponsor art when it was in a bad shape financially, reasoning that art would
improve its reputation and thereby indirectly lead to an improvement in the financial situation. Had
the financial figures been better, it seems they would not have undertaken the sponsorship. Further,
DSM management assured me, they would also have sponsored the research if it had been Gerard
Dou instead of Rembrandt, confirming that other motives played a role than pure interest in
RembrandtOs oeuvre.

Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) is another technique
that attracts attention in the field of cultural herit&y®isadvantages of LA-ICP-MS are that it is
more expensive than X-ray fluorescence, that it is non-portable and its use is micro-destructive
(although sample amounts as small as 900 ng have been mentioned in the [if@rAttireugh

such emerging technologies are attractive, the required information can often only be obtained
using conventional techniques with samples from the object. A multi-technique analytical approach

68 G. van der Snickt e.a, OCharacterization of a degraded cadmium yellow (CdS) pigment in an oil painting by means of
synchrotron radiation based X-ray techniquesO, Analytical Chemistry 82 (7), (2009), pp. 2600-2610.

69 This technigue enables spatially resolved information for multi-element analysis in a wide range of concentrations
(ug/g to % level). It is used on surfaces of small objects or samples from them, it is micro-destructive, (ng level) with a
spatial resolution of a few um. The sensitivity is 0.01-0.1 pg/g. Both spatial resolution and sensitivity of LA-ICP-MS

are higher than (portable) X-ray fluorescence. The sensitivity of LA-ICP-MS is also of an order of magnitude more than
twice (depending on the material analysed) that of NAA, the technique mentioned above for Pb-isotope ratio
measurements and trace elements, and also better than other conventional techniques used for the purpose, such a
Thermal lonisation Mass Spectroscopy (TIMS). LA-ICP-MS can indeed be used for Pb isotope ratio measurements, and
for the isotope ratios of other elements. It is the best method for fingerprinting purposes. Spatial resolution is especially
important in the study of paint cross-sections using LA-ICP-MS. With sufficient spatial resolution, profiling of cross-
section would be interesting.

0M. Resano e.a, OLgser Ablation-Inductively Coupled Plasma Mass Spectrometry for the characterization of pigments
in prehistoric rock art,O Analytical Chemistry 79 (23) (2007), pp. 8947-8955.



is necessary for the interpretation of the results: SEM-EDX and Raman allowing structural
information to be obtained in this case.

For conservator-restorers it is very tempting to accept the research offered by scientists in
industry and universities, especially if a non-destructive investigation involves no transport of the
object to the research facility and is free of charge. We - conservator-restorers and conservation
scientists - are all grateful for the pioneering role in conservation taken on by (high tech) scientists.
But, does it provide the answers to the questions that conservator-restorerOs crucially require? Do
the results contribute to decisions for the treatment of the object? This has not always been the case.

For art historians/curators nowadays, conservation research must be an even more daunting
prospect than it is for (trained) restorers. For some, the language gap is impossible to breach and
just as in the old days they still prefer not to talk to chemists. They simply cannot understand each
other. Fortunately, there is an increasing willingness on the part of scientists to explain what they
are doing to the conservator and art historian without resorting to technical jargon.

From the beginning of CL it was clear that the task it had been set was immense. During the first
year, its Director J.Lodewijks, was astonished by the huge number of requests, from many different
museums and other institutions, for the examination of a range of objects of varying material
composition, including paintingd. To cite a few examples: the Koninklijke Bibliotheek (Royal
Library) wished to know if the visibility of the almost completely scratched out Erasmus signature
could be improved. Other questions involved possible overpainting on murals, the origin of a
wooden case B Ocould it be Coptic?0 B how to preserve imitation gold leather wall hangings, anc
much more beside. There were so many requests, some of which would take not only research, but
long-term restoration work as well, that an analyst was employed in January 1964 specifically to
travel around the country to attend to these requests. This, of course, was only part of the solution.
In the 1990s there was still the problem of how to deal with large numbers of requests for analyses,
often time-consuming and often wishing instant solutions. This continued in the twenty first
century, leading to the retrieval of an old idea. To solve part of the problem, a first aid room was
incorporated in the architectural design for the new housing of the laboratory of the Institute of
Cultural Heritage (ICN) in thAteliergebouw? Unfortunately, due to constantly changing policies,

this policlinic never materialised. The problem was provisionally solved, however, by the scientific
training of picture restorers and by their own subsequent action in the museums when they were
employed there. In the Mauritshuis, Rijksmuseum, Van Gogh Museum and Rijksmuseum Twenthe,
small laboratories were established, mainly for microscopy. In cases of difficulty  for example,
where the research microscope is not as good as the one at the ICN, or a question is too difficult to
solve with microscopy alone, or the restorerOs eye is not sufficiently adapted to the examination of
cross-sections b there was ICN to fall back upon. Also, extensions of the human eye need
interpretation, by a scientist, since microscopy is often only the first step for further scientific
investigation. Currently ICN provides for chemical analyses on a commercial basis. Of course,
restorers feel free to accept offers for instrumental analyses on their museumOs pictures by researct
groups and institutes other than ICN. It is possible to shop. The long-term running NWO-sponsored
projects OMolartO and ODe MayerneO, unfortunately finished now, have provided, not only access |

71 Nationaal Archief in The Hague, archiefvormer No 2.14.76, Centraal Laboratorium voor Onderzoek van Voorwerpen
van Kunst en Wetenschap, 1963-1997. Annual reports, written by J. Lodewijks, 1 mei 1963.

72 The Ateliergebouwis owned by the Rijksmuseum. It houses the restoration departments of the Rijksmuseum, the
University of Amsterdam Opleiding voor Conservering en Restauratie (School for conservation and restoration) and the
ICN laboratories. CL is part of ICN, following a merger in 1997. From January 2011 onwards ICN will cease to exist in
a merger with the Rijksdienst voor Cultureel Erfgoed (RCE).



instruments, but also ultimately increased numbers of scientists trained in the examination of
materials from art objects.

To return to 1912 and the conflict between Sedelmeyer and Bredius over the material investigation
of paintings. Is it after all the case, as Sedelmeyer dismissively remarked, that one might Ojust as
well send pictures to a chemical laboratoryO for investigation? The answer is OnoO, but Oyest
provided.... To quote another art connoisseur: OThe eye is the highest authdiiigQarinciple

holds still, with the provision that it is not only the art connoisseur or art historian/curator who uses
his eyes, but also the conservator-restorer and the scientist as well B and provided we are all able to
interpret the meaning of certain phenomena seen through stereo and research microscopes. In the
past, conservators used only a magnifier to examine their paintings. The modern use of the
stereomicroscope by conservators before deciding on treatment is a great advance. An unexpected
result of this is that it has greatly increased the demand for high tech scientific analyses. We see
more and more with the technologically assisted eye, with the danger that every minor aberration
stares at us as if it were a major defect in the paint film that needs to be investigated by high tech
science. The question sometimes occurs: was not the phenomenon always present, only previously
we could not see it? Even if Stolow (cited above) was right in saying that using an extension of the
eye is not science, people using these extensions must think as scientists, that is applying OA
systematic, ordered approach to the gathering of data and the solving of problems.O To continue this
definition of scientific thinking: OThe basic approach is the statement of the problem followed by
the statement of a hypothesis. An experimental method is established to help confirm or negate the
hypothesis. The results of the experiment are observed, and conclusions are drawn from observed
results. The conclusions may tend to uphold or to refute the hypotHesisO.

Innovative thinking and advances in preventive conservation surely depend on the increase
of knowledge. Increase in knowledge comes about by using not only the eyes, assisted or non-
assisted, but also invasive and non-invasive instrumental techniques. All these approaches will lead
to further advance if rightly interpreted and communicated. There are boundaries and limits,
between art history, conservation and science. Communication is essential in interdisciplinary co-
operation in the multidisciplinary field of the care for cultural heritage in order to minimise the
boundaries.

73 Hofstede de Groot, op. cit., note 6, p. 12.

74 Mosby's Medical Dictionary, 8th edition. © 2009, Elsevier.
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Chapteriv

Grounds in Rembrandtes workshop and in paintings by his
contemporaries

, Or priming, I1s applied to a support ... can

. ... to provide a suitable base on which to p
In general, its composition is comparable to that of pa
namely consisting of one or more pigments in a bind
medium laid on in one or more layers.

The groundes colour and texture play a role in t
final effect of the painted surface. The colour larg
determines the choice of painting technique. Thus, g

hite ground the artist can work from light to dar|

hereas on a dark ground the artist works in revd
order, with light highlights often the last strokes to
applied. From examination of paintings with expof
areas of ground, Rembrandt generally appears to
painted on a middle tone, determining the division
light and dark in the composition as a whole in an ea
stage of the painting process, with the ground functio
as an intermediary. This made it possible to paint rapi
and efficiently, while the chiaroscuro, so importan
Baroque painting, was almost instantly achieved.

The ground differed depending on the type of suppj
Panels were still mainly used in the Northern Net
lands in the first quarter of the seventeenth cent
From c. 1624 on Rembrandt worked on panel, so
times on paper. As far as we know, he began working
canvas only in 1631. Theodore Turquet De Maye
described the preparation of panels in three recipes i
Pictoria Sculptogiaguae subalternarum aréinrextensi
collection of notes concerning technical aspects of arf
earliest dated entry being 1620. The so-calléthyer
Manuscrigbntains the most important written sources
painting technique in Rembrandtes timeDe Mayerng
obtained his information from conversations with ar
and other individuals dealing with artistse materials,
from recipes in older books, which he copied, or paint
exercise books with recipes, which he incorporated i
collection.

The value that can be attributed to a knowledge of
composition of ground layers knowledge acq
through chemical analysis ... depends crucially on K
ing whether the canvases or panels were deliv
already primed or whether they were primed in t

Theodore Turquet De Mayerne Pictoria Sculptoria & quae subalt
artium, 1620, in: E. BergeQuellen fur Maltechnik wéhrend der Renai
deren Folgezeit, Munich 1901. J. A. van de Graaf, Het De Mayerne
als bron voor de schildertechniek van de Barok, Mijdrecht 1958.

See also: Ernst van de WeterinRembrandt. The Painter at Work, A
dam 1997, pp. 91-130.

E. Raehlmann,Uber die Farbstoffe der Malerei in den verschiedene
nach mikroskopischen Untersudteipgign1914. A. M. de Wild, Th
scientific examination of pictures, London 1929.

For a bibliography of the early literature, see: Joyce Plesters, *B
graphy, technical and scientific examinations, in: Helmut Ruhemann,
cleaning of paintihg&don 1965, pp. 461-472.

Ruhemann, op.cit, p. 168.

Philip Hendy and A. S. Lucas, *The ground in picturese, Muse{xh, 4
(1968), pp. 245-256, with twenty-two photomicrographs of cross-se
of paint and ground in colour with descriptive texts by Joyce Pleste
pp. 257-265.

Hendy and Lucas, op. cif, on p. 268 they seem to suggest that,
Holland, the traditional manner of preparing panels was continued in|

workshop.
canvases (see Volume Il, ChapterdBeemed to indica
that they had already been prepared when they entq
his workshop. They could have been purchased from
number of primers, or provided by the individual w
commissioned one or more paintings. Accordin
because the provenance of the primed canvases i
known and the composition of the grounds varies,
value of the information on Rembrandtes grou
seemed fairly limited. As outlined below, this situa
changed after 1640, when canvases appear to have
prepared in Rembrandtes own workshop on a relati
large scale. Moreover, this was done with a mix
unique for Dutch painting of the period, a fact whig
greatly enhances the relevance of the analytical resu

Research of Rembrandtes grounds to date

Since 1914, when Raehlmann placed samples
paintings under the microscope to identify their p
ments, a great deal of data has been amassed o
pigments used by various generations of painf
Grounds were largely ignored until ways of preparing
microscopic samples and grounds were developed
facilitated the examination of cross-sections of the
layers. At best, a ground was initially considered pa
the observed layer structufeExtending over the enti
surface of the support and identical in all of the pa
samples from a single painting, the ground did not s4
to be a promising area of research. Helmut Ruhema
conservator at the National Gallery in London, in 19
incorrectly noted that the grounds in Rembrandtes ti
did not differ much from those in use since the Midq
Ages® However, in 1968, the National Gallery also p
duced a publication, by Sir Philip Hendy, the Galler
director, together with the chief conservator, Art
Lucas, presenting a survey of the grounds from var
traditions and period$. While this publication remai
valuable, we now have far more information at d
disposal on the basis of which we would interpret so
their examples rather differentl{.From 1990 onward
there has been an increase in publications on white
coloured grounds.

seventeenth century on canvases. However, from the text in Plg
caption no. 15 it is clear that double, coloured grounds on canvas

found by the authors in paintings from the seventeenth century in
Netherlands. No. 14, Van Dyck, Charles | on horseback, is probal
double ground of grey on orange-red and not on a ground of an oral
red mixture alone, as suggested in the caption.

To name a few: Alain R. Duval, sLes préparations colorées des tabl
de I+école francaise des dix-septieme et dix-huitiéme sieSesdies
Conservati®n (1992), pp. 239-258. Ella Hendriks, Anne van Grevens|
Karin Groen, ¢The painting technique of four paintings by Hendri
Goltzius and the introduction of the coloured ground&oltzius-stud
Hendrick Goltzius, 1558-1617, (1993), pp. 481-A&in R. Duval, sLe
enduits de préparation des tableaux de Nicolas Pous3ieehn# (1994
pp. 35-41. Ségolene Bergeon and Elisabeth Martin, sLa technique

peinture frangaise des XV#let XVIII € sieclessTechn& (1994), pp. 65-7
Jill Dunkerton and Marika Spring, *The development of painting
coloured surfaces in sixteenth-century Italys, Painting Techniques|
Materials and Studio PradticeContributions to the Dublin Congreg
(1998), pp. 120-130.




n the period
Hermann Kihn in Munich had already conducte
research on ground layers, but then solely in relatio
the work of Rembrandt. This inquiry was sparked by 1
controversy surrounding the «Self-portimaiBtuttgart (seg
IV 17), which was acquired as an important |
Rembrandt and subsequently branded as a forgery.
ground of this painting was found to consist largel
finely ground sand, with a substantial quantity of
minerals’? Because the significance of this finding
unclear ... no such ground had been detected previo
Kihn subsequently conducted an extensive investig
of the grounds in paintings by Rembrandt, as well
those by a number of other artists for comparison.
Ninety seven paintings from various collections
examined in 1962, of which 48 at that time wg
attributed to Rembrandt, 10 were considered to be s
orks or contemporary copies of works by Rembra
and 38 were by other Dutch painters from t
seventeenth to the nineteenth century. In 1965, Ki
published the results of his ... in the meantime

extensive ... investigation of the grounds of 122 pai
on canvas and panel from various periods ascribe
Rembrandtl® On the basis of these investigations
hich no cross-sections were prepared, his impressio
that the grounds used by Rembrandt, both on panel

on canvas, varied enormously. This conclusion |
proved to be incorrect. At the request of the Rembra
Research Project and in collaboration with the Sta
lichen Kunstsammlungen in Kassel, Kihn later ag
took samples of the ground and paint layers of
paintings in Kassel and prepared and analysed c
sections of these sampldsThe work in Kassel wa
continued in Dresded? Consequently, the origin
notion that Rembrandt experimented with his grou
had to be modified. For a discussion on this subject,
reader is referred to Volumes | and A3

In 1989 the National Gallery in London published t
exemplaryArt in the Making. Rembrémdccompany th
exhibition with the same titlé# This catalogue containg
information on the composition, build-up and colour
the ground layers of 20 paintings on canvas and pang
Rembrandt, organised in a table and with illustrationg
the paint cross-sections in the catalogue entries.
investigation confirmed the results of Kihnes work

9 H. Kuhn, <Zwischenergebnis der Rd&ntgenfeinstrukturanalyse
Grundierungene in: Cornelius Miller Hofstede, *Das Stuttgarter Sg
bildnis von Rembrandte, Panthéb(1963), pp. 99-100. P. Coremans,
Wolters, K. Wehlte, +Bericht tber die naturwissenschaftliche U
suchung des Stuttgarter Rembrandt-Selbstbildniss&eswhead (1963
pp. 94-97. Paul Coremans, Jean Thissen, *Het wetenschappelijk g
zoek van het «Zelfportret van StuttgartZ. Bijdrage tot de Rembral
vorsinge,Bulletin de IsInstitut Royal du Patrimoine ATti&tRfA®), pp. 18
195. Paul Coremans, «Le autoportrait de Rembrandt a la Staatsgale
Stuttgart, Examen scientifiquedahrbuch der Staatlichen Kunstsam
Baden-Wurttemt2e(4965), pp.175-188.

Hermann Kuhn, sUntersuchungen zu den Malgriinden Rembran
Jahrbuch der Staatlichen Kunstsammlungen in Baden2/\lie6&r)) by
189-210.

11 Hermann Kihn, «Untersuchungen zu den Pigmenten und Malgrin

grounds of Rembrandtes supports can be grouped |
limited number of types.

Grounds on panels

The present author has been studying Rembra
earliest paintings ... all on panel and originating bet
1626 and 1631 ... in the Central Research Laborato
Amsterdam in collaboration with and within the cont
of the Rembrandt Research Project since 1973. Wit
few exceptions, no significant difference has been dq
ed between the grounds of the various pan&lonly 3
single type appears to have been used, namely
described in the Mayerne Manuscript. De Mayern
obtained the following recipe from the Amsterd;
painter Latombé (who, like De Mayerne, was working

eFor [a ground on] wood, first coat it with the above s4
glue and chalk. When it has dried scrape and mak
even with a knife, then apply a thin layer of lead wh
and umber.$6

In contrast to the early Italian panels covered
\various layers of gesso, our investigation showed th
chalk ground on seventeenth century Dutch panels
thinly laid on (figs. 1, 2). Treating the panel with
mixture of chalk and glue was primarily intended to §
the openings in the wood grain in order to obtain
smooth surface.

The oil-containing top layer isolated the stron
absorbent chalk-glue ground from the (oil) paint laye
be applied during painting and provided a yellow
ochre-coloured surface on which to work. As a req
where it functioned as an intermediary tint among f{
dark and light areas of the composition, the colour of
ground often remained partially exposed.

This type of ground also recurs consistently
Rembrandtes later panels. In cases of deviation,
instance in the thickness of the layers or the total abs
of one of the two layers, this can, as a rule, be explai
by the location from which the sample was taken.
example, the top layer in a sample from the edge of
panel can be thicker than elsewhere because the pa
the ground accumulates along the edges when the f
is prepared. On the other hand, the bottom chalk laye|
sometimes so thin that it is not found in a paint cro

Rembrandts, durchgefihrt an den Gemalden der Staatlichen K
sammlungen Kassels, Maltechnik Re&2(t®76), pp. 25-33.
Hermann Kihn, <Untersuchungen zu den Pigmenten und Malgri
Rembrandts, durchgefiihrt an den Gemaéalden der Staatlichen K
sammlungen Dresdene, Maltechnik Re&ai®77), pp. 223-233.
Corpu¥ol. |, pp. 17-29; Vol. Il, pp. 42-43.

David Bomford, Cristopher Brown, Ashok Roy, Art in the Making.
brandt, London 1989.

Karin Groen, eSchildertechnische aspecten van Rembrandts vrd
schilderijens0©.H.91 (1977), pp. 66-74. Ernst van de Wetering, *De jo|
Rembrandt aan het werke, O.H1 (1977), pp. 27-65Corpu¥ol. |, pp.
16-20. For the exceptions see Table I, pp. 660 ff.

Berger, op.cit, Ms p. 11, no. 14, p. 118: «Pour le bois. Imprimés premig
ment auec la colle susditte & croye, estant sec, grattés & equales 3
couteau, puis faites vne couche legere auec blanc de plomb & ombre




this type of ground were employed on a large scal
Rembrandt and his workshop, as well as other ... not
Dutch ... painters in the seventeenth century and ea
As a rule, painters probably purchased the panels
prepared from professional primets. Accordingl

grounds on panel will not be discussed further (see,

ever, Table Il, pp. 660 ff). What follows addresses
grounds on the canvases of Rembrandt and his w
shop, and those of other Amsterdam painters of his ti

Grounds on canvases

As in the case of grounds for panels, the Mayerne Ma

is the most important contemporary source regarding
preparation of canvas. De Mayerne gives nume
... almost identical ... recipes for this treatm&FRirst th

protruding threads and other irregularities were remo
after which the canvas was brushed with glue. Therea
one or two coats of paint were applied to fill a
irregularities in the canvas and provide a smooth sur
of a particular colour.

eHaving stretched the canvas tightly, apply glue m
from the remains of leather or size, which should not
too thick (it is assumed that you have first removed
threads that might be sticking out). When the glue is (

17 Van de Wetering, op. cit, pp. 21-22.

18 For example, see: Van de Graaf, op. éjtnos. 6-20, respectively Ms p.
7v, 10v, 11, 28v, 84, 85, 87, 90, 95, 96, 98v, 111v, 154; and Berger
citl, nos. 2, 8, 13, 14, 53, 185, 186, 190a, 194b, 206, 210, 214, 253,

19 Berger, op. cit,, Ms p. 5, p. 102: Ayant bien estendu vostre toile sur
chassis, donnes luy de la colle de retaillons de cuir ou size qui ne soit pg
espaisse, (presupposé que vous aurez prémierement coupé touts leg
auancent). Vostre colle estant seiche imprimés auec Braun rot, ou
brun d'Angleterre assez legerement. Laisséz seicher, & applanissés
pierre ponce: Puis imprimés auec vne seconde & derniere couche de
de plomb. de Charbon de braise bien choisy. Smale coales & un peu de
dombre pour faire plus vistement seicher. On peult donner vne troisig
couche, mais deux font bien, & ne s'escaillent jamais, ny ne se fenden
Anonymous, Nieuwen Verlichter der Konst-schilders, vernissers,
marmelaers, en alle andere liefhebbers dezer lofbaére Kohstep, 16

g
England. Let it dry, and make it smooth with pumi
stone. Then prime with a second and last layer of I
white, [and] well chosen charcoal. Small coals(?) a
little umber earth to make it dry faster. One can give i
third layer, but two is all right, and [such a ground] w
never break, nor splitt?

A source from 1777, at least in part copied from ear
sources, clarifies the reason for the application of a
over a red coat. The anonymous writer says that

almost always applies the grey over the red, «in ord

render the right hue, a reddish grey, that in gene
agrees with all the colours in the art of paintings.

Much less frequently one finds in Mayerness papers
recipe for another type of ground:

eAfter [applying the glue] prime with lead white and
little umber. One priming is enough; if you apply t
then the cloth will be more ever?

A mixture of lead white and a little umber would give
light yellowish brown colour.

According to an annotation in the margin,
Mayerne received the first recipe from a eprimere
London who came from Wallonia. The second reci

*Men legt dan bynaer altyd twee andere grond-laegen op de eerste, g
achter deandere, de naerleste altyd puymende als zy wel droog is, eq
de volgende legt. Deze laetste gronden zyn gemaekt van Loo
gemengelt met bruyn Rood en een weynig Kol-Zwart, om den grond
roodagtig Grys te geven, het welk generaelyk overeenkomt met a
koleuren van de Schilderkonst.s Partially translated faluable Secr¢g
arts and trades: or, approved directions from the best artists: contai

thousand approved recipes..., London 18027, p. 141: *When this co
you are to rub it again with the pounce stone, to render it smootl
Then lay another coat of white lead and charcoal black, to render
ground greyishe.

Berger, op. citt, Ms p. 11, p. 116: *Apres imprimés auec blanc de plo
& vn peu deombre. Vne imprimeure suffit; si on y en met deux la tg
sera plus vnie.s




ike the above-quoted recipe for the ground
came from the Amsterdam painter Latombé.

Willem Beurs also mentions a mixture of lead w
and umber for grounds for the <beeldschildere [port
painter?], calling it a greyish brown, which should
applied very thick and in 0if?

It was hoped that research on the grounds would aff
clarity on several aspects. The main issue was whi
systematic investigation of grounds would prove sig
cant for the central theme of this book, namely the is
of authenticity. Another question was whether hy
theses about the dating of certain paintings could
formulated on the basis of the composition of the gro
layers, in combination with specific canvagés.
Naturally, various other questions also played a
such as whether in Rembrandtes case any relation ¢
be found between the composition of the ground (ang
relation with its composition, the colour of the grou
and the type of representatiotf. Given that the colour g
the ground influences the final pictorial effect, suc
relationship is conceivable. Latombé, for example, ag
to his own recipe above ... in which he recomme
using lead white and umber ... that for landscapeg
priming mixture should be of a light colour. Be
recommended that landscapes be painted on a

ground, made with a mixture of lead white and blac¥
e found that Rembrandt painted landscapes

on canvas
encountered grey, as well as khaki and brown grou
The tables of grounds below demonstrate that there i
connection between the types of ground used ... its
position and related colour ... and the type of painting
Rembrandt.

Gathering the information

| am indebted to many people from a variety of disciples whose collaborj
has made this research possible. | am most grateful to the staff o
Rijksmuseum, especially Wouter Kloek, Manja Zeldenrust and Arie Wa|
ho allowed us from the 1970es to the present day to investigate painti
he museumes collection: both when we expressed the wish to examine|
brandtes early paintings and the Night watch during restoration and,
recently, when we requested permission to take samples of works pai
Amsterdam but not by Rembrandt. | am grateful to Jergen Wadum, P{
Noble, Carol Pottash and other colleagues at The Mauritshuis for the pleg
of their collaboration during the examination of many of the paintings in t|
collection. Dr A. Burmester, Chief Conservator and Head of Conservatig

22 Willem Beurs,De groote waereld in <t kleen geschildert, of schilderagf
Weerelds schilderyen. Kortelijk vervat in Ses Boeken. Verklarende d
verscheide mengelingen in Oly, en der zelver gebruik. Omtrent de m|
de zightbare nature. Leersamelijk den liefhebbers en leerlingen ddg
medegedeelt van Wilhelmus Beurs,156Rilded,9: «...omber met loo
heel dik in oly...s. Beurs is not clear whether, with elootwite, he means|
white or a mixture of lead white and chalk.

Corpu¥ol. I, pp. 26-29, Van de Wetering, op. cig, pp. 91-130.

The colours mentioned (under the heading *Observations and tec
informatione) in the first three volumes of A Corpus of Rembrandt |
must be treated with caution. They were based on observation wit
naked eye or through a magnifying glass, and it was not always cq
that the ground layer had actually been located. The colour of the gro|
can only be observed directly when a painting is unfinished or if therd

the Doerner Institute, Bayerische Staatsgemaldesammiungen in M
kindly provided information in the form of lengthy data plots with analyti
results on paintings by Rembrandt and other Dutch 17th-century artists, {
of which we have used. Samples from New York were examined a
Metropolitan Museum on the occasion of the (autoradiographic) ne
activation analysis of Rembrandt paintings in 1980. | am very gratef
Maryan Ainsworth who managed to locate the old samples for re-examin
in pursuit of information on the composition of the grounds. Walter Lied
kindly gave permission to examine the remaining Rembrandt/non-Rembr
paintings in the Met. | want to thank Arthur Wheelock, René de la R|
Melanie Gifford, Michael Palmer and Sarah Fisher of the National Galler
Washington, both for retrieving old paint samples for re-examinatio
[Amsterdam and for the fruitful working relation | have enjoyed with them of
the years. | also want to thank Ashok Roy, Head of the Scientific Labora
at the National Gallery in London, for lending samples and for
encouragement in this project. My gratitude is extended to Jo Hedley, Cu
of European paintings at The Wallace Collection in London, Viola Pembe
Pigot, Head of Conservation at The Royal Collection in London, Jer
Giltay, Curator of Dutch and Flemish Paintings at the Museum Boijmans
Beuningen in Rotterdam, Dr Jan Kelch, Director and Gisela Helmka
Head of Conservation at the SMPK Gemaéldegalerie in Berlin, Paul Huvel
Director and Lizet Klaassen, Conservator at the Koninklijk Museum
Schone Kunsten in Antwerp; Shelley Svoboda, Associate Conserval
Paintings at the Baltimore Museum of Art; Rhona MacBeth, Assi
Paintinges Conservator and Richard Newman, Conservation Scientist J
Museum of Fine Arts in Boston; Eugene Farrel, Senior Conservation Sci
and Ron Spronk at the Straus Center for Conservation and Technical St
at Harvard University Art Museums in Cambridge, Massachusetts; M4
Steele and Kenneth Bé, Associate Conservator of Paintings at The Cle
Museum of Art, Paul Haner, Conservator at the Saint Louis Art Museum 4§
Paul Pfister and Hanspeter Marty, Conservators at the Kunsthaus in Z
and others.

I have been aware that although my request for the removal of one or|
small samples from the edge of one or two of their pictures seemed
enough, in fact it involved a major operation including the transport of
paintings from the museum wall to the conservation studio. For the
reason | am indebted to Maija Santala at The Museum of Foreign
Sinebrychoff in Helsinki, Scott Heffley, Conservator of Paintings and Me
Strobel at the Nelson-Atkins Museum of Art in Kansas City, Uwe Wieczo
Curator and Daniel Fabian, Conservator at the Liechtenstein Collectio
Vaduz, Gorel Cavalli-Bjérkman, Director and John Rothlind, Head
Conservation at the National Museum in Stockholm, Hans Brammer, af]
Staatliche Museen Kassel, for his help in tracing samples and sending g
others; Narayan Khandekar, Conservation scientist, and especially the Hg
Painting Conservation, Mark Lennard, at the J. Paul Getty Museum in
lAngeles. Thanks to Mark | could also examine grounds on paintings ol
Rembrandtes circle. lan Wainwright, Manager Analytical Research Laborg
at the Canadian Conservation Institute kindly sent samples taken and ang
by three scientists, Raymond Boyer, J. MacGregor Grant, Nathan Stolov,|
worked at the former National Conservation Research Laboratory of
National Gallery of Canada at that time. | am also grateful to Marion Barc]
of the National Gallery of Canada in Ottawa and to Martha Kelleher of |
Art Gallery of Toronto for the opportunity to re-examine their sampl
Pauline Kruseman kindly gave permission to take samples of paintings
IAmsterdams Historisch Museum, while Berna Copray of that museum
very helpful in gathering data on non-Rembrandt paintings, as was Jos [}
at the Dordrechts Museum.

*open arease, places where it is not covered by paint. There are

where the artist found the colour and tone of the ground in accordg
with his pictorial intentions in that section of the painting. Unfinis
paintings are exceptions to this and *open arease in the early paintin|
panel can still be identified with the naked eye or under a ste|
microscope. With paintings on canvas, this is far more diffig
Sometimes, further assessment reveals that a seemingly exposed g
actually a locally appliedmprimaturar another under painting.

Berger, op. cit, Ms p.11, p. 116: «Pour faire paisages que vostre i

meure soit de couleur fort claires. Beurs, op. #t. p. 21: smaar voor ee|
landschap ... schilder menneemt swart met lootwit gemengte. It is u
which black pigment Beurs has in mind. He probably does not mean {
which dries badly. When mixed with white, some vine (charcoal) bl
give a beautiful, bluish grey ground.




want to thank all the people with- whom and through whom spec|
analyses were carried out. Many pleasant hours were spent behind the el
microscope at DSM Research in Geleen. Saskia Kars at the Vrije Univer,
in Amsterdam is to be thanked for a number of the electron microgra
hile thanks are also due to Peter Hallebeek for the XRD analyses carrie
at The Netherlands Institute for Cultural Heritage in Amsterdam (ICN
ant to thank my employer, Rik Vos, Director of the ICN, who provided t
ime needed to bring this research to a conclusion. | apologise for not {
able to name many more people ... the owners, curators, conservato
scientists ... who made possible the research presented here.

Throughout the years, we gathered information on
preparatory layers on canvases wherever possible,

hen a painting was in a conservation studio or labq
tory for treatment or examinatior?® The initial results o
our investigation of samples of grounds of paintings f
before 1642 were published in Volumes | ... 4TI The
infomation in the Tables on pp. 660 ffis largely the req
of a new, targeted investigation and renewed analyd
extant samples conducted between 1990 and 2001.

In various respects, the available research mat
... partly our own and partly that of other researche

as too heterogeneous to allow comparison of i
mation from different sources related to the grounds
many cases, the samples were taken and analysed
objective other than that of studying the build-up and {
composition of the ground layers. Moreover, even w
the investigated samples were taken for the purpod
research on the ground, sometimes the published al
ical results could not be used safely when trying
identify the type of ground concerned. Finally,
samples studied with different objectives and u

arious techniques within the framework of a si
investigation the analytical technique itself someti
failed to provide sufficiently decisive answers as tg
nature and composition of the grounts.

Just how difficult the interpretation of analytical res
can be when the build-up of the layers is unknow

1965 and 1976. Kihnes 1965 survey of Rembran
grounds states that the colour of the ground on the g

as of the Man trimming his quillKassel (Il A 54, Br
164) is red, consisting of a single layer with a mixturg
lead white and ochre. Kiihn identified the lead white a
the ochre by means of X-ray diffraction analysis (XR
emission spectroscopy (ESA) and chemical microséy
As referred to above, at the request of the Rembra
Research Project, Kilhn again investigated the R
brandts in Kassel (and Dresden) in 1976 in an attemp
answer a variety of questions. He also looked at

26 E.vande Wetering, C. M. Groen and J. A. Mosk, sSummary report on
results of the technical examination of Rembrandtes Night watch
Bulletin van het Rijksmu2du{h976), pp. 68-98. Maryan W. Ainsworth
al., Art and autoradiography: insight into the genesis of paintings by
Dyck, and Verm&ae Metropolitan Museum of Art, New York 1982. An
van Grevenstein, Karin Groen and Ernst van de Wetering, *Esther bd
Haman, attributed to Rembrandt«Bulletin van het Rijksmu36¢#®991), pg
56-83. Around 1995, seven of the late Rembrandts in the Rijksmud
were restored and investigated, as well as the e¥ftienbogaert.
Updated (supplemented and corrected where possible) information d
grounds in Corpugols. | ... lll can be found in the tables in this volumg
For example: A. B. de Vries, Magdi To6th-Ubbens, W. Froent
Rembrandt in the Mauritshuis, Alphen aan de Rijn 1978.

the Man trimming his quill, this time based on
examination of a cross-section and chemical ana
(XRD and ESA), provided different informatiof? The
ground now appeared to consist of two layers, the bot
one being red and the upper grey. The ochre and Ig
white encountered during the first investigation prove
be the red ochre in the bottom ground layer and the Ig
white in the upper one, respectively. Microsco
examination of the paint cross-sections revealed
black charcoal was mixed with the lead white of

upper layer, lending it a grey colour. Charcoal cannot
detected with XRD, the first analysis technigue useg
Kihn, and he therefore initially missed the two-la
build-up of the ground and the black charcoal. T
clearly demonstrates the inadequacy of interpretating
results of instrumental (micro-chemical) analyses, wi
the microscopic study of a cross-section.

Another example of the difficulties of arriving at
unambiguous interpretation of analytical results conc
the presence of quartz. A substantial amount of quart
a sample can be variously interpreted. It could indica
double ground, the (often) red bottom layer of whic
rich in quartz. Sand (chemically this is quartz) is usu
found in red ochre, for it is an element of coloured eg|
used as a pigment. However, a quartz-containing gro
could also be what we refer to as ea quartz grou
whose main ingredient is powdered sand. In this cag
well, a reliable determination is possible only whe
cross-section of the sample is made and analy3esies
below for more on this type of ground.

In the context of the research presented here, the ow|
or keepers of paintings whose grounds had been e
ined earlier were asked to make the original embed
samples available for new chemical analysis and e
ination under the microscope. Unfortunately, the sam
on which Kihn based his 1976 and 1977 publicati
were no longer available. Furthermore, as mentio
above, no paint cross-sections were made for K
1965 research and no sample material remained.

same applied to the samples taken by Froentjes bet
1968 and 1970 during his investigation of the Re
brandts in the Mauritshuis?

In those instances where no cross-sections had been
and where it was no longer possible to obtain one
renewed sampling, we decided to discard the publis

Kiihn, op. cit19 p. 190.

Kuhn, op. cit11 12

Thus theAuctione@658) in New York (Br. 294) turned out to be paint
on a quartz ground, and not on one composed of chalk and ochre. Ki
op. cit1 p. 198. Ainsworth, op. ci€®, p. 87.

In the course of the research we conducted during the 1993 restorati
The anatomy lesson of Dr DéY6%6) in Amsterdam (Br. 414), it too, p
ved to have been painted on a quartz ground, and not on a chalk on{
Kihn believed he had demonstrated in 1965 (although it cannot be e
ded that Kiihnes sample derived from a chalk filling in a restored se(
of the painting, which was seriously damaged during a fire in the
century)

De Vries, Toth-Ubbens, Froentjes, op. &t




> Consequently, new and supp
mentary sample material from other relevant painti
had to be collected for the sake of a represents
overview of the use of grounds by Rembrandt and
studio. A selection was made from Brediuse catalog
other paintings on canvas, whose grounds should st
investigated* The owners of the paintings were s
sequently asked for permission to take a sample, eith
the present author or the conservator or scientist of
institution in question. Fortunately, one or two sam
taken from the far edges of the paintings ... if the rele
section of the painting was well preserved ... were uj
sufficient. In most instances, the requests were hong
and with the help of the staff of the various museums,
research was able to go ahead.

In general, sufficient information was obtained by ut
ing a light microscope together with an electron mid
scope, with the attachment of equipment to the elect
microscope that can identify chemical elements in
areas of the paint cross-sectighlt was not always nece
sary to be certain as to the nature of all the compond
in the sample in order to make comparisons. When
did prove helpful, supplementary analytical techni

ere employed® An advantage of this way of worki

as that the amount of sample material required cg
be restricted to a minimum. One and the same p3
cross-section could be examined and analysed
optically and with electron microscopy.

Limits to the possibilities of interpretation are inher
to art-technological investigatiotf. To answer questio
about traditional workshop practice, a great deal

precise information is required, correlated where pos
ith written historical sources. Moreover, much timg
needed to gather this information, if only because t

33 For this reason the published results of the grounds on the follo
paintings were not included in our Table *Grounds on canvase:
sacrifice, Il A 108, Br. 498, copy 2; Raising of the Cross, Il A 69 B
Christ, Br. 630; The Entombpi#a 126, Br. 560; The Resurrection, |
127, Br. 561 The Holy Family, Il A 88, Br. 544; Adoration of the shei
574 all in Munich; Self-portrait Kassel, IV 9, Br. 43; Nicolaes Bam
Brussels, Il A 144, Br. 218; The EntombnireBraunschweig, 11l A 124
Br. 560, copy 3; The CircumcidimBraunschweig (inv. no 241); Hend
Stoffelim Berlin, Br. 116; Saskia as FlamaNew York, Br. 98.

A. Bredius, Rembrandt Schilderijen, Utrecht 1935.

Microscopy at the Netherlands Institute for Cultural Heritage (IC|
using a Zeiss Axioplan research microscope for examination in inc
and transmitted illumination, polarizing microscopy and the stud
fluorescence. Scanning electron microscopy with energy dispersive
analyses is abbreviated SEM-EDX. The hyphen indicates that this is
with two pieces of equipment. With the SEM apparatus a section of
sample is reproduced. A small area can then be singled out for analy
means of EDX. SEM-EDX was carried out at DSM Research in
context of the sponsor agreement between the Rembrandt Researc
ject and DSM. Sandra Coolen, at DSM Research, used a Philips CP{
XL30 with EDAX detector. Backscattered mode at 25kV was used
elemental analyses. Secondary electron imaging mode was applied
study of the topography of the embedded samples. At a later stage, {
EDX analyses were conducted at the Shell Research and Techn
Centre in Amsterdam by C. Th. J. Mensch, using a Jeol 5900 with Ng
detector in the backscattered mode at c. 25 kV for both analyses an
study of the topography of the samples. Before ICN acquired their

electron microscope in 2001, | also had access to the SEM of the

Universiteit, Amsterdam.

36 Peter Hallebeek, at the Netherlands Institute for Cultural Heritage (I¢
analysed samples using X-ray diffraction (XRD), Debeye-Sch
powder patterns, Philips type PW 1026/10 camera, X-ray film C
REFLEX 25, double coated, X-ray generator Philips PW 1010.
Dunkerton and Spring, op. ci.

Grey (or rather flesh colour) on red double grounds were also used b
Utrecht painters Abraham Bloemaert (1564-1651) and Hendrick

Brugghen (1588-1629) among othe8ee aldeeif Einar Plahter and Un
Simonsen Plahter, «The Young Christ among the Doctors by Theo
van Baburene, ACTA (Institutum Romanum Nor@sgies)altera in § 3
(1983), pp. 183-229. Leif Einar Plater and Unn Simonsen Plaht&ihg
young Christ among the dwcf®eodoer van Baburene, Conservare

est, Festskrift til Leif Einar Plahter pd hans 7018@@lagp.42-65. Un
Plahter, «Baburen re-examinedsponservare necesse est, Festskrift ti
Plahter pa hans 70-arst@@9, pp.66-67. Unn Plahter commented to §
author that the ground on the painting by Baburen must be regarded
single layer of grey paint ... rich in lead white ... on top of two lay{
different types of red earth (clay). The Haarlem painter Corn|
Corneliszoon van Haarlem (1562-1638) used grounds of different cq
and composition. The ground on his The Baptism of Chmishe Fran
Halsmuseum in Haarlem appears red to the naked eye, althoug

cross-sections show that there is a light-coloured second ground on
the red. With thanks to Ella Hendriks for the paint cross-section and
information.

A double ground is found in an unfinished painting by a follower of

Lenain, Three men and a boy, National Gallery, London, cat. no.
Double grounds in paintings by Canaletto arise in the 1730s: D.
Bomford and Ashok Roy, *Canalettoes *Stonemasones YardZ and
Simeone PiccoloZe, National Gallery Technical Bal&€83), pp. 34-41




y less striking
on the whole, were not taken into account in this comp
ative study*® It was sometimes possible to find comp
able characteristics of the grounds of different painting
permit suggestions as to whether the paint used for t
came from the same batch. Comparisons were base
the ratio of the pigments in the mixture, the size of
grains and their distribution, the presence of small
ditions of pigments other than the primary compong
etc. In our investigation, research on cross-sections

ided a definitive answer apropos to questions rega
the similarities between various sampftés.

Almost identical grounds, for instance can be seen i

cross-sections of the portrait pair in New York (Il C

and Il C 69, (figs. 3, 4). This was to be expected si
portrait pairs were ... in most cases ... painted on ¢
from a single bolt, primed by the same workshop

sold at the same timé&% What was more surprising was
find, within the large number of double grounds, clust
of grounds that appeared identical. These sample
grounds derived from paintings on not necessary idq
cal canvases. The similarity of the second grounds w
a cluster is sometimes so striking that the possi
presents itself of dating a painting with relatively g
certainty on the basis of just a few paint samples.

observation suggests that the canvasses were primg
maybe painted within a relatively short peridd. The
group of paintings with an identical ground assemble
the table below constitutes such a cluster. The res

our technical examination provides strong support for

40 Additional analytical results on the grounds will be published later.
Duval 1992, op. cit, distinguishes three types of red-brown gro
However, since he only mentions red and brown grounds it is not al
clear whether the red or brown ground must be regarded as a si
ground, or as the first layer of a double ground (grey on top of red
brown).

Proof of the pudding was an experiment in which slides of the crosg
tions were projected eblinde. It was possible to determine which sa
came from one and the same painting, even though the pigment parf

were sometimes unevenly distributed in the ground layer and despit
minuscule dimensions of the samples (appr. 0.1 mm long). See also:
Groen, *Halcyon days for art historye, in: Shop Talk, Studies in H
Seymour Slive, Cambridge Mass. 1995, pp. 89-91.

42 Corpu¥ol. II, pp. 15-43. Van de Wetering, op. cig, pp. 91-130.

43 This is the case, for instance, in the first version of Ahasuerus co

18610 |Wan n oremaldress | | 9|

1Co1 pa—oungwomaninacap | 163 |11 |

Hamarin Bucharest (11l B 9), which was entirely overpainted in the 16
and only visible in the X-radiograph. We tentatively date this verg
1632/33, a dating supported by the research on grounds, see:
Grevenstein, Groen, Van de Wetering, op. éfl.

The translucency is reminiscent of chalk, which, however, is missing
also: Petria Noble, Jgrgen Wadum, Karin Groen, Ron Heeren, Klaas
van den Berg, *Aspects of #7century binding medium: Inclusions
Rembrandtes Anatomy Lesson of Dr Nicolaes Tulps, in: Jacques G
and Jean-Pierre Mohen (edsArt & Chimie, La CouleAgtes du Congre|
Paris 2000, pp. 126-129.

The Woman in an armch@irA 79) in New York is not dated, but if]
pendant,Man rising from his chair (Il A 78) in Cincinnati is (1633).
The type of signature RHL van Rigm Il C 61 was used only in 1632.
The type of signature, Rembraas$ found on Il C 65 occurs only at tl
end of 1632 and the beginning of 1633.




48 Exhib. cat. Rembrandt/not Rembrandt, 1995/96, p. 65.

49 Research has demonstrated that both the painting of the architecturg
the preparatory layers of the paintings in the Oranjezaal in Huis
Bosch Palace were done with beige paint consisting of lead whitqg
umber. Lead white-umber grounds are also to be found on canvas
paintings by Frans Hals, Judith Leyster and possibly other Haa
painters.

Valuable secrets, oF°cjt. 142. Copied and translated from: Anonymo|
op. cit?%, p. 168: *Men moet nogtans bekennen dat den doek eerst
Water-Verwe gegrond zynde, onderworpen is aen het schelferen, en
zeer moeyelyk en kan opgerolt worden, het gene een beletzel is val
op diergelyke goeste te bereyden, en het gene vervolgens ons verpl

The equartz grounde, or, whitish natural earth

The most common single ground is the quartz ground
which special attention is devoted here. In the grou
analysed up to Kilhnes 1977 publication, a ground
an estimated amount of 70 to 80% quartz was found
times. This kind of ground occurred only in works
Rembrandt and his workshopt Meanwhile, up to 200
when this text was written, 45 of the paintings on can
examined prove to have been painted on a single gro
with a high quartz content.

Quartz grounds cannot be readily recognised in
cross-sections when examining them under the of
microscope under incident light. Usually one sees o
semi transparent, yellowish to dark brown mass in wi

refractive index is very close to that of the surround
binding medium (a drying oil). In addition, the prese
of a large quantity of darkened binding medium in t
composition of the ground impedes visual evaluation.
the same reasons, without further analysis, a g

ground also often cannot be distinguished from s{
types of oil ground in which chalk is the ma
ingredient®2 Formerly, in order to make the quar
particles clearly visible under a light microscope,
approximately 30 um thin section had to be made of

embedded paint sample so that it could be examine
transmitted light (see figs. 18, 19, Z8).Preparing

sample in this fashion is not only time-consuming,
much of the original sample material is lost. An elect
microscope clearly makes visible the finely ground g

thin section (figs. 21, 22, 23). Moreover, the ground
the sample can be immediately identified under
electron microscope using energy dispersive
analysis (EDX). An overall EDX analyses of a qud
ground reveals silicon as the main component pred
with smaller amounts of aluminium, potassium and i
and comparatively very small quantities of magnes
calcium and sometimes also sodium, lead, titanium
manganese. Most of these chemical elements are
ponents of the clay materials surrounding the quartz |
ticles. The presence of calcium indicates that some (
is present while that of lead points to a dryer having b
added to the ground paste or the oil. Analysis of the o
angular particles in a quartz ground yields silicon 4§
oxygen only (SiQ). X-ray diffraction patterns of the
samples showed that the quartz present is alpha-sili

zelven met Olie-Verwe te begrondens.
Kiihn, op. cit1t12
For example, the ground in a painting by Gaspard Dughet in: Ka
Groen, *Scanning electron microscopy as an aid in the study of bl
inge, Hamilton Kerr Institute Bulle{ito988), p. 43, plate 38. The ground
the painting by Dughet is rich in calcite and could be an earth.
ground of Jan Beerstraatenes The IJ at the Nieuwe Brug in winter,
west, Amsterdams Historisch Museum SA 73, also has a brown g
that, without analysis, could be mistaken for a quartz ground. The grg
in the painting by Beerstraten was identified as consisting of chalk
Table VII, pp. 00 for more instances.

53 See: Coremans, op. ch.figs. 114, 116.







ectron microscopic imaging, which shows the
tribution of the chemical elements throughout the gro
layer in the sample, points to a percentage of quartz ¢
50 to 60 % by volume, a somewhat lower percentage t
that mentioned abov&* The broken and pulverise
grains of sand ... reduced to fine particles by grinding
surrounded by clay minerals: tiny particles of illite ca
seen and larger, elongated sheets of muscovite mic
Al, Si and a little Fe) and a single, large crystal
kaolinite. Coremans, Wolters and Wehlte also found
clay minerals phyllite, and, in smaller proportions, sd
chlorite and sericité€> The shrinkage cracks that can

54 Although XRD is a sensitive method for the identification of quartz,
particles of most clay minerals are too small to be identified by XH
This explains why, earlier in this article, a higher percentage of q
was mentioned; an analysis of the quartz ground using XRD giv
higher percentage of quartz than one using SEM-EDX. Samples fro|
grounds in the Night wat¢hl A 146) and one from Rabbin Berlin (Br
236) were re-examined using SEM-EDX. Thanks are extended to
Mueller, specialist in clay as a building material, and to David Carso
the use of the Philips-FE7 XL30 ESEM-FEG (Environmental Scan
Electron Microscope-Field Emission Gun) at the Getty Conservd
Institute in Los Angeles. At 20.0 kV, environmental mode at 1.0 t
uncoated, working distance 10 mm, Oxford Inca System EDX.

55 Coremans, Wolters, Wehlte, op. dtp. 97.




seen under the electron microscope are a further |
cation of the groundmass being clay ... shrinkage d
being typical for clay.

The sand particles in Rembrandtes quartz grounds

ery fine, with particles varying from approximately 5
60 pm and having sharp edges. The angularity of
sand particles indicates that the material used for
ground was pulverised shortly before being proceg
From the bulging of sections of the surface of the gr
in the samples of Rembrandtes quartz grounds it cal
concluded that the grains of sand must have origin
been rounded, possibly with a diameter of up to abo
mm, before being prepared for paint. V-shap
depressions and grooves in the surface of some o
particles and the very sharp points of others signify
the material was subjected to mechanical force.
presence of conchoidally fractured particles, part

ith smooth, shell-shaped convex or concave surf
suggests ecrackinge or breaking of the sand (see fig
25, 26). The sandy earth used for the quartz grounds,
other (mineral) pigments, was apparently ground,
bably with a mill>6

In principle, sand is colourless, as are most of the

minerals found. The colour of a quartz ground is det

mined by the varying quantities of brown and red ir

oxides and umber present in this apparently, nat
hitish earth.

In the report of the technical examination of the S
portraitn Stuttgart (IV 17), a link was drawn between t
quartz ground and the earthenware industry in Detfl
Our study tends to support the hypothesis of the ea
researchers; the rather high content of quartz sand in
clay used for the ground, approximately 50 to 60 % pg
to a pottery clay, a plastic clay suitable for the mal
facture of pottery and bricks. However, with only the ti
paint samples to go on, it is not possible to state with
solute certainty whether the material used for the quj
ground is a natural clay deposit, either imported frq
abroad or a local clay, or an artificially prepared mixt
of sand and clay. In the seventeenth century the
quartz containing pipe clay, which has been called pl
clay par excelleneeas extensively transported frg
England to potteries in Hollan&8 In contrast, by addin
extra powdered sand to the clay, a clayss quartz co
can easily be adjusted.

As far as the colour is concerned, Rembrandtes qu
grounds were most probably independent concocti

arying amounts of various coloured earth pigmen

and sometimes black ... were added to the origi

hitish sandy earth.

Although the term equartz grounde has been used
this type of ground since it was first encountered,

Karin Groen, sInvestigation of the use of the binding medium by R4
brandte, Zeitschrift fir Kunsttechnologie und Konkgrdéamg\Vol. 2, pj{
222-223.

Coremans, Wolters, Webhlte, op. dtp. 97.

James FairieNotes on pottery clays: the distribution, properties, use|
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to call this type of ground «a whitish claye or +a nat

earthe. However, although a single quartz ground cal
distinguished both visually and chemically from a do

ground ... which is also made of a natural earth, al
only its lower layer, referring to a quartz ground as
natural earth grounds would cause confusion. Not d
could the quartz ground be confused with other grou
made of earth, but even with a chalk ground, since ¢

is also a natural earth. For the sake of clarity, therefg
throughout this book, we use the term equartz grou
for the single ground of whitish earth with high qual
content.

As stated earlier, to date the samples of 153 painting
canvas by Rembrandt and his milieu have been
examined and where necessary analysed. Forty five ¢
grounds on these canvases were identified as g
groundse, which is more than a quarter of the to
number of examined grounds on canvas. They repre
nearly half (42 %) of the grounds analysed to date f
the period in which quartz grounds are found (betwsd
1642 and 1669). The paint cross-sections reveal tha
paste was thickly applied to the canvas, evidentl
ensure a smooth painting surface in which the relie
the canvas threads would not be visible. A thickneg
about 400 um was measured on the canvas of fRab
in Berlin (Br. 236; fig. 27). From the paint cross-secti
it appears that a quartz ground was usually applied i
single layer and only very rarely in two or more lay§
though when this is the case, their composition is mor
less the same. Sometimes, the colour of the second
differs through the addition of small amounts of ot
pigments. The anonymous written source referreg
above recommends limiting the use of single ground
large canvases. One advantage of a single layer of gr
is that the painting can be rolled up. A disadvantagy
that the threads of the canvas remain visible in rg
through the paint, as was stated in an eighteenth cen
recipe:

*There are painters who prefer their canvases to

only one layer of paint (ground) rather than two lay
because the paint becomes less dull and the picture
more easily be rolled up for transport; however, since
canvas thread is very visible when only one gro
layer is present, it is used only in the case of Ig

\With the identification of quartz grounds we can n(
understand this quote, namely, the sone layer of pain
the written sources refers to a ground made with an ej

.. white, yellow, brown or red ... not covered by a lay
lead white. Two layerse refers to a double ground ¢
layer rich in lead white on top of a red earth. The seco

of ball clays, china clays, and chinhtolos, 1901, p. 24.
59  Anonymous, op. cit?, p. 167: «Daer zyn Schilders die liever hebben dat
doek maer eene laege koleur en heeft, den welken zy prefereren vo(

gonnen dieser twee heeft, om dat hy de koleuren min verdooft, en om d
gemakkyker oprolt als men hem wilt transporteren; nogtans aengezie
draed van den doek altyd zeer verscheynt op die, de welke maer 4




ground would provide a smooth surface to paint on,

is also prone to cracking: not a good quality for a can
that needs to be rolled-up. Rembrandt, by choosin
light-coloured earth for the ground for théNight watd
did not need a layer rich in lead white on top of the fi

ground to tone down its colour. Had he found

necessary, he could of course have adjusted its colo
mixing a bit of some dark earth or black through t
sand and clay of the ground mass. That thdight wat
seems to have stimulated the development of

evidently new type of ground may have been due td
exceptional size. The Night watshpainted on a canv{
originally measuring about 420 x 500 cm. The fact t
ground sand and clay were undoubtedly very inexpe

could have been the determining factor in the choicd
these raw materials for this grourfd.

Quartz grounds are usually very rich in binding
dium®l, which presumes that canvases prepared
these grounds were supple and easy to roll up. The tr
portation of the rolled-upNight watcturing and shortl
after the Second World War is a striking demonstrat|
that canvases with quartz grounds are still quite flex
even after hundreds of yeaPs.

In the case of Rembrandt and his workshop, no |
could be made between the dimensions of the can
and the use of a quartz ground. It would appear that 4
Night watch, painted between 1640 and 1642, was th
canvas to be prepared in this manner and that s
quartz grounds occur until the end of Rembrand
career. In addition to theNight watch, they are found
portraits, stroniese and in history scenes of var
dimensions. This again implies that cracking or flaking
the paint was not Rembrandtes main concern; picture]
limited size do not need to be rolled-ufs.

The idea that a canvas with a particular ground
used exclusively in Rembrandtes workshop implies
considerable certainty that the supports for painti

ere prepared there. This is underscored by the fact
Dutch written sources do not contain a single recipe
preparing canvases with a equartz grounds. Such reg
can, however, be found in some French and Italian
ten sources, for instance in Collection of essays on th
of Painting, written by the French painter Pierre Lebr

grond en hebben, men gebruykt dien wynig dan voor groote werkene.
Corpu¥ol. Il, p. 43, note 90.

Low pigment volume concentration, PVC.

A. van Schendel and H.H. Mertens, *De restauraties van Rembral
NachtwachtsO.H. 62 (1947), p. 23.

It may be assumed that when the canvases come from the same bo
material for the quartz grounds is from one small batch. For example
*Self-portrain Melbourne (IV 21, Br. 56), the *Self-portraitsCambridgg
Mass. (IV 22, Br. 57) and the Floraf 1660 in New York (Br. 114), a
painted on canvases from one bolt and all three have a quartz grg
(figs. 28, 29). The canvases of The denial ofd?P&&60 in Amsterdam (B
594) and The circumcisiri661 in Washington (Br. 596) are the sa
they also both have a quartz ground. Painted on matching canvase
New York pendants Portrait of a man with a breagBplé283) andPortrg
of a woma(Br. 364) also have a quartz ground, as do the New
pendantsMan with a magnifying gi@s 326) and Woman with a |

e canvases are covered with parchment glue or 1
paste before they are primed with potteres earth, ye
earth, or ochre ground with linseed or nut oil. T
priming is laid on the canvas with the knife or amass
to render it smoother, and this is the work of the bo$f

Lebrun seems to distinguish between clay coloured
for making pottery and other types of coloured ea
Richard Symonds, who travelled around ltaly betws
1649 and 1651 collecting information on painting te
nique, mentions the earth used for making bricks as
ful for priming canvases as well:

*The earth that bricks are made is ground & usd for i
primaturas.5®

As early as 1550, the Italian painter and architect Vag
recommended an earth as one of the ingredients
mixture for making ground$® In Spain, the Spani
painter Francisco Pacheco mentioned a ground
with clay 87

Thus, one might speculate on whether Rembrand
someone from his workshop was aware of these tradi
and developed this kind of ground for the use in Rg
brandtes workshop. In order to underpin the hypoth
that, in The Netherlands, ecanvases with single g
grounds are unique to Rembrandt and his stud
grounds were examined from paintings by other se
teenth century masters active in Amsterdam bet

Br. 401, see also figs. 6).

Pierre Lebrun, Peintre, 1635, *Recueuil des essaies des merveille
peinturee, in: Mrs. Mary P. Merrifield, Original treatises on the arts of
Vol. Il, 1976, p. 772 (originally published in 1849). The Dutch wrif
Simon Eikelenberg in the first quarter of the eighteenth century ment
epotaardee, being mixed with linseed oil and used for the ground
panels. Potaardes could either mean earth for making pots or eart
potting plants. Eikelenberges notes on painting are kept at Nether
Institute for Cultural Heritage (ICN) in Amsterdam.

Mary Beal, A Study of Richard Symonds, His Italian Notebooks and t
to Seventeenth-Century Painting Tdahmiguesd84, p. 218.

G. Baldwin Brown (Ed.), Vasari on technidew, York 1960, p. 230: B
first there must be made a composition of pigments which possess si
qualities as white lead, dryers, and earth such as is used for bells....e|
Zahira Veliz, Artistse technigues in Golden Age Spain, Cambridge 19




t
Night watéﬁ)and 1669 (the year of Rembrandtes dea
including some of Rembrandtes former pupils (Table
pp. 674 ff). These were painters who, in so far as is knd
had no workshop connections with Rembrandt. A tota
sixty grounds on Amsterdam canvases painted ou
Rembrandtes workshop were analysed; not one h

paintings on canvas originating outside Amsterdam i
relevant period that were earlier investigated by
author found to be prepared with a quartz ground. Mo
over, inquiries with colleagues, nationally and i
nationally, yielded no knowledge of the use of qu{
grounds on Dutch paintings originating outside R
brandtes studio. This confirms the suggestion that g
grounds must be specific to Rembrandt and his works
and provides a strong supplementary criterion for a
buting paintings with quartz grounds to painters work
in his studio including the master himself, around or a
1640.

Itis curious that the use of a single-layered quartz gro
remained restricted to Rembrandtes workshop. Coulg
have stumbled onto one of Rembrandtes works
secret? To date, a comparable ground has been (
covered only in eighteenth century wall hangifgsing
in paintings by Italian and foreign artists when work
in Italy. The technical examination of grounds used
painters travelling from the North to Italy has shown t
these painters did not go to the effort of bringing {
materials they traditionally used for their grounds
them when they went to work abroad. Instead, at Ig

68 E. Haverkamp-BegemaniiRembrandt: The NightwBtatgeton Universit]
Press 1982, p. 14.
Van de Wetering, op. cig, pp. 6-7.
In eighteenth century painted wall hangings by Pieter Barbiers (
1842) a preparatory layer was found containing approximately §
guartz, the mineral serpentine and lead white. This sample was ana
through XRD by Peter Hallebeek at the Netherlands Institute for g
tural Heritage (ICN).
Van Dyck, Agostino Pallavicini, The Getty Museum 68.PA.2, gro
examined by the author. Ashok Roy, *The National Gallery Van Dyd
technique and developmente, National Gallery Technical BdI{@999
pp. 59-63.
Duval 1994, op. cit.

or the preparatory layers on their canvases, they
the materials that were available and in use locally.
Dyck, for instance, painted on the traditional grey-on-
ground when he worked in Antwerp and London and
a (brown) clay ground when he worked in Italy, aro
1625-7, when he painted The Balbi Childrad Agosti
Pallavicirlit Nicolas Poussin also worked on clay gro
when painting in Italy’2 Poussin obviously found the ¢
used for The Gettyes Landscape with a wadndark i
colour; he altered its tone with a light beige layer of |
white and ochre, the way he used to tone down bri
red earth grounds when painting in Pari§.Poussin wa
not the only French painter using clay grounds w
working in ltaly; many other French painters did t
same’* The Dutch painter Michael Sweerts also pain
on dark coloured clay grounds but, as far as we kn
only while he worked in Romé? The practice of using
natural earth for a single ground goes back to the Ng@
of Italy at the beginning of the seventeenth century
perhaps earlier. Lodovico Carracci, painting in Bolog
in 1612, used a single clay ground, purposely dark
by the addition of bone black®

When Rembrandt received the commission for pain
the Night watche went to the trouble of finding clay th
was light in colour, so that, to obtain the right tone
paint on, he did not have to revert to an additional la
of lead white which would be prone to cracking a
moreover, expensive. The ground already had the r
colour and could if necessary be adjusted by addi
small amount of a coloured earth. Thalight watctould

Poussin,Landscape with a calm, The Getty Museum 97.PA.60, {
examined by the author.

Duval 1992, op. cit, in his extensive study of the grounds in Fre
paintings of the seventeenth and eighteenth century Duval did find
French painters sometimes used brown grounds with a very high q
content. Although he gives the dates of the paintings, he did not dra
conclusion that these grounds only occur on paintings made whe
artists who made the paintings worked in Italy. In our opinion, the bra
grounds rich in quartz could be clay grounds as opposed to the Ig
layer of red earth in a double ground.

Arie Wallert and Willem de Ridder, *The materials and methods
Sweertses paintingse, in Michael Sweerts, Amsterdam 2002, pp. 37-4
Lodovico Carracci, Saint Sebastian thrown into the Cloacd Magjyah
Getty Museum inv. no. 72.PA.14, ground examined by the author.







y p y
Rembrandtes ch0|ce of this type of ground could h
been sparked off by written sources, by travelling a
or the search for clay in order to imitate the muq
admired Chinese porcelain.

Explanation of the Tables on pp. 660-677.

The research data outlined above have been in
porated in Tables II ... VII, with separate tables for pa
ings on particular supports. As far as possible, all of
paintings examined have been organised in chronolo
order. On the horizontal axis are Corpusit. nos an
Brediusat. nos (in Table VII replaced by the cat. or in
nos of the picturess collection); the brief title;
presumed year of the paintinges genesis; the paint
present whereabouts; the interpretation of the analy
results of the first ground layer; as well as that of
second ground layer and the (presumed) colour of
ground. *PresumedZ, since stating the colour of
ground posed a problem. Although micro-spec
measurements and translation of the measurementg
a colour system are the only way of arriving at
objective, unambiguous judgement of the colour, on
basis of which the colours of the grounds on diffe
paintings could be compared, taking spectral meag
ments on small areas directly on the cross-sec
remains very difficult. The technique will hopefully
applicable in the future for colour measurements on
cross-section through the microscope. For the time b
e had to convert to the assisted eye in judging
colour of the ground from the cross-section. There
the colour as mentioned in the tables is generally dg
mined from paint cross-sections on the basis of
composition of the paint mixture encountered in thg
and, in the absence of a cross-section copied fro
literature. We chose for cross-sections, because, i
experience, observation with the naked eye ...
ported by microscopy of cross-sections ...
unreliable statements about the colour of the ground.
the other hand, as a consequence of the unnatural ill
nation of the sample and the powerful magnificat
under the microscope, determination of the colour

analysis of cross-sections Is feasib

extent. In a cross-section, at least the individual, diffe
coloured pigment particles in a paint mixture can
distinguished, but the samples are too small to e

seen by the naked eye on the painting support. Prod
this is that in rare instances where the colour in the crq
section can be checked against the painting, the grd
layer in the cross-section, under the microscope, al
proves to appear lighter than in the painting.

Quartz grounds present an additional impedimen
determining the (original) colour of the ground beca
in contrast to lead white grounds, they are rich in, m
probably discoloured, drying oil medium. The discolo
tion of quartz grounds can often be reinforced, w
organic restoration material (such as that applied to
back of a canvas for lining) ... which like oil can disca

. penetrates into the ground layer and mixes wit
original binding medium. Nether-the-less all
drawbacks we decided to keep the column ecoloure.

In the last column there is the analytical techniq
used and mention of when and by whom the samj
were analysed. If the author has examined a paint cr|
section herself then the reference <Groene has
added. Only in Table IV, quartz grounds, are EDX a
XRD results fully mentioned. Table VII has grounds ¢

1670 by painters other than Rembrandt and member
his workshop.

Table | see p. 324 in the text.

Table Il Grounds on panel, pp. 660-663.

Table Ill Grounds on canvas (including the grounds
Tables IV, V and VI), pp. 662-671.

Table IV Quartz grounds, pp. 672-673.

Table V Grounds composed mainly of lead white 3
umber, pp. 674-675.

Table VI Grounds composed mainly of chalk, pp. 6
675.

Table VII Grounds on paintings on canvas other th
by Rembrandt and members of his workshop produ
in Amsterdam between 1640 and 1669, pp. 674-677.




Tables of grounds in RembrandtOs workshop and in paintings by
his contemporaries

Karin Groen

Table Il. Grounds on panel

IHSY6& (), -&
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Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs|
1B1 421 Three singers Private Coll. 1624 ? chalk lead white, yellow ochre ©S] Groen
1B2 421A The operation Private Coll. 1624 ? chalk lead white CS Groen
1Al 531A The stoning of S. Stephen Lyon 1625 chalk lead white, a little ochre or umber light yellow brown SS] Groen
A6 460 History painting Leiden 1626 chalk lead white, a little umber light yellowish brown| CS Groen
1A7 632 Musical allegory Amsterdam 1626 chalk lead white, a little brown yellowish Cs Groen 1
IA5 The baptism of the eunuch Utrecht 1626 chalk lead white, a little umber, very little black light yellow CS XRD Groen
1A11 601 S. Paul in prison Stuttgart 1627 chalk lead white, a little ochre and charcoal black yellowish brown CSESA Denniger, KYhn
IV Addenda 3 | 72 Old man with turban Private Coll. c. 1628 chalk lead white, umber, a little yellow-brown and red ochre light yellow brown CS EDX Groen
1IC11 422 Foot operation Private Coll. 1628 chalk lead white, chalk, umber yellowish CS EDX Groen
1C34 5 Bust of a young man laughing Amsterdam c. 1629 chalk lead white, chalk, coarse charcoal light ochre CS Groen
1A21 6 Self-portrait (copy) The Hague c. 1629 chalk lead white, chalk, a little brown ochre, very little bone black light yellowish CSEDXESAXRD  Groen
1A 15 539A Judas repentant Private Coll. 1629 chalk lead white, yellow-brown earth CS EDX Bomford 1988
1C23 636 Man in a plumed cap Private Coll. USA 1629 chalk chalk, a little brown ochre yellowish brown cs Groen
1C 36 7 Bust of Rembrandt (copy) Private Coll. 1629/30 | chalk, a little lead white lead white, chalk, ochre, bone black light yellow brown CS Fogg Art Museum
111 C 98 24 Man with a plumed cap The Hague mid 1630s chalk lead white, chalk, a little fine black and ochre light yellowish brown| CS EDX ESA XRD | Groen
1B7 77 Old man in a cap The Hague c. 1630 chalk lead white, chalk, umber brown CS EDXESAXRD |Groen
1C14 427 Man reading in a lofty room London c. 1630 chalk 2nd ground missing in sample? reddish brown CSs? Plesters (Corpusl. |, p. 529)
604 Jeremiah lamenting Amsterdam 1630 chalk lead white, a little brown light ochre CS Groen
1A 31 462 Andromeda The Hague 1630/31 | chalk lead white, umber(?) yellowish CS ESA XRD De Vries 1978
1A 30 538 The raising of Lazarus Los Angeles 1630/31 | chalk lead white, a little ochre or umber light ochreous CS Groen
IA40copyl |16 Artist in oriental costume Amsterdam, Rembrandthuis |c. 1631 chalk lead white, chalk, charcoal black, a little ochre grey CS EDX Groen
1C41 67 Bust of an old woman The Hague 1631 lead white, umber, very light yellowish brown| CS EDX ESA Groen
little brown and red ochre
and chalk
1A 37 69 Old woman reading Amsterdam 1631 chalk lead white, chalk, a little brown yellowish brown cS Groen
1A 43 145 Portrait of Nicolaes Ruts Frick Coll. N.Y. 1631 chalk ochre light yellow brown CS ESA XRD KYhn 1965, Frick cat.1968
1A 38 466 Minerva Berlin c. 1631 chalk lead white yellowish white €S Groen
I A36 607 The apostle Peter in prison Jerusalem 1631 1st ground missing? lead white, chalk, a little ochre or umber light yellowish brown| CS Groen
1C3 Bauch A6 | Tobitand Anna London c. 1631 chalk lead white, a little brown brownish cS NG Lo)ndon (Corpus Vaol. I,
p. 461
IV Addenda 1 | 157 Self-portrait Private Coll. 1632 chalk lead white, a little umber yellowish-white CS Groen 2
1A 72 19 Self-portrait in a cap Paris 1633 chalk 2nd ground missing? light yellow brown CS Lab. Musees de France 1965
1A 75 94 Bust of a young woman Amsterdam 1633 chalk lead white, very little brown ochre or umber light yellow brown CS Groen
1A 76 97 Young woman smiling Dresden 1633 chalk chalk, lead white yellowish brown CS ESA XRD KYhn 1977
Cc77 175 Portrait of a man Dresden 1633 chalk lead white yellowish brown CS ESA XRD KYhn 1977
185 Old man Coll. Duke of Bedford c. 1633 chalk, lead white, yellow same as 1st ground greyish brown CS microprobe Groen
and brown ochre, lamp
black
IV Addenda 4 | 176 Portrait of a man in a red doublet Private Coll. 1634 chalk lead white, ochre pale yellowish brown| CS Groen
IlA 104 343 Woman 83 years old London 1634 chalk lead white, umber warm beige CS EDX Bomford 1988
IV Addenda 2 Self-portrait Las Vegas, USA, The Wynn Coll. 1634 chalk lead white, a little ochre and umber yellowish brown CS EDX Groen
IIlA 115 202 Philips Lucasz London 1635 chalk lead white, chalk, umber warm brown CS EDX Bomford 1988
1l C 100 205 Man with dishevelled hair Private Coll. 1635 1st ground missing? lead white, bone black, a little vermilion, umber, grey Cs Groen
yellow ochre, blue
A 117 505 Susanna at the bath The Hague 1636 chalk lead white, ochre pale brown CS ESA XRD KYhn 1965, De Vries 1978
1l C 96 27 Rembrandt in black cap London, Wallace Coll. c. 1637 chalk lead white, a little yellow ochre, umber and black yellowish brown CS elec.microprobe Groen
Il A 135 476 Concord of the State Rotterdam c. 1638 chalk lead white, a little brown, yellow and red ochre and black brownish cs Groen
11C 103 96 Saskia van Uylenburg Washington c. 1639 chalk lead white white ? Wheelock 1995
V2 36 Self-portrait Madrid, Thyssen-Bornemisza |c. 1640 chalk lead white, chalk, a little ochre and umber light yellowish CS EDXESAXRD | Groen
IhcC113 358 Anna Wijmer Amsterdam, Coll. Six 1641 chalk lead white, chalk, umber light yellowish brown| CS EDX Groen
V1 37 Self-portrait in a flat cap London, Windsor Castle 1642 chalk lead white, brown ochre light yellowish brown| CS elec. microprobe| Groen
Il C 106 251 Portrait of a man Coll. Duke of Westminster 16427 chalk yellowish CS microprobe Groen
Ill C 107 370 Portrait of a woman Coll. Duke of Westminster 16422 chalk lead white, chalk(?), a little lead white, umber and black yellowish CS microprobe Groen
109 Saskia Berlin 1643 chalk lead white, a little brown ochre and charcoal black yellowish brown CS EDX Groen
221 Man holding a glove New York c. 1643 chalk lead white, ochre or umber light yellowish brown| CS ESA XRD Groen
566 Christ and woman taken in adultery London 1644 chalk lead white, yellow brown earth warm light brown CS EDX Bomford 1988
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Table Il. Grounds on panel
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(continued)
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Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs|
375 Head of a young girl Private Coll. c. 1645 1st ground missing? Ieagt;/;/hitf, (chalk as well?), a little brown and red ochre €S} Groen
and blacl
252 Ephraim Bueno Amsterdam 1647 1st ground missing? lead white, a little red and brown ochre, bone black CS EDX Groen
256 Portrait of a warrior Cambridge 1650 chalk lead white, chalk, ochre yellowish CS Microprobe Groen
272 Rabbi Dresden 1654 chalk lead white, chalk, a little ochre yellowish CS ESA XRD KYhn 1977
437 Woman bathing (Calisto) London 1654 chalk lead white, yellow brown earth, umber warm brown CS EDX Bomford 1988
457 The slaughtered ox Paris 1655 chalk brownish light brown CS Lab. MusZes de France
291 Coppenol New York c. 1658 chalk lead white, a little ochre and/or umber yellowish CS EDX Groen
302 Old man Washington 1660 s? lead white, iron oxide grey (granular) XRF Report NGA, Wheelock 1995
261 Bust of an old man in a cap Milwaukee, Coll. Bader c. 1661 lead white, bone(?) black, grey cs Groen
a little red and brown
ochre
IV21lcopyl |56 OSelf-portraitO Lisbon Fund. Medeiros e Almeida  ? lead white, charcoal brown CS Groen
Table Ill. Grounds on canvas  (including the grounds in Tables IV, V and VI)
Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs.
IIC 61 84 Young woman in a cap Private coll. Zurich 1632 red earth, a little umber lead white, a little yellow and red ochre, chalk, light yellowish CS EDX Groen 11
(2 layers?) fine (lamp)black
1A 54 164 Man trimming his quill Kassel 1632 red earth lead white, a little yellow ochre, bone black, light yellowish CSEDXESAXRD | Groen 7
very little chalk
11 C 69 331 Portrait of a woman New York 1632 red earth (2 layers) lead white, charcoal black, yellow and a little red ochre CS XRF Groen 4
I C 68 167 Portrait of a man New York 1632 red earth (2 layers) lead white, charcoal black, yellow and a little red ochre CS XRF ESAXRD  |Groen 3
11 A48 169 Man in oriental dress New York 1632 red earth, umber lead white, a little red ochre, lamp black light yellowish CS EDX XRF Groen 5
IIA51 403 Anatomy lesson of Dr Tulp The Hague 1632 red ochre, umber, Al-silicates lead white, a little yellow ochre, lamp black light yellowish CS EDX XRD Groen 6
Il C 65 406 Jean Pellicorn and his son London, Wallace Coll. 1632 /33 red earth, a little umber (2 layers) lead white, very little red ochre and fine black grey CS EDX Groen 12
I C 66 407 Susanna van Collen with her London, Wallace Coll. 1632/38 red earth (brownish), vey little black lead white, fine black, very little brown, red and grey Cs Groen
daughter and umber yellow ochre
Il A 64 494 Young woman at her toilet Ottawa 1632 /33 |red ochre, quartz, lead white lead white (mainly) light yellow brown CS X-ray macroprobg Stolov 1969,
rapport Wainwright
1A 81 171 Portrait of a man (Krul) Kassel 1633 red earth, chalk, a little lead white lead white, a little bone black grey CSESA KYhn 1965, 1976
IIA 78 172 Man rising from his chair Cincinnati 1633 red earth lead white, black(?) light neutral grey Intermuseum Labs 1962
1A 80 173 Wtenbogaert Amsterdam 1633 red earth, a little umber (high Si) lead white, a little umber and yellow ochre, very little black CS EDX Groen
11B8 180 Man in oriental dress Washington 1633 red earth lead white, lamp black, a little red lead and yellow ochre €S Groen 9
1A 79 341 Woman in an armchair New York 1633 red earth, umber, quartz lead white, yellow ochre, little red ochre, lamp black CS EDX XRF Groen 8
1A 70 467 Bellona New York 1633 red earth, chalk, quartz lead white, little ochre/umber, lamp black fawnish grey CS EDX XRF Groen
B9 522 Esther before Haman Bucharest 1633 red earth, umber, quartz lead white, lumps of brightyellow ochre, little red ochre, light yellowishfawnish CS SEM-EDX Groen 10
1650s lamp black grey
1A 98 200 Johannes Elison Boston 1634 red earth/umber (high Si and Al) lead white, a little bone black, very little ochre light yellowish grey CS EDX Groen
1A 99 347 Maria Bockenolle Boston 1634 red earth/umber (high Si and Al) lead white, a little bone black, very little ochre light yellowish grey CS EDX Groen
Il A95 432 Scholar Prague 1634 red ochre lead white white CS? XRD KYhn 1965
I1A91 470 Cupid blowing a bubble Liechtenstein Coll. 1634 red earth, a little umber (high Si) lead white, a little umber and black grey CS EDX Groen
Il A 107 565 The Lamentation London 1634 /35 |orange-red earth lead white, a little umber and fine-grained black light grey CS EDX Bomford 1988
INA111 30 The prodigal son Dresden 1635 reg anld yellow ochre, a little quartz lead white, charcoal black grey CSESA KYhn 1977
and calcite
IA112 103 Flora London 1635 orange-red earth lead white, charcoal black, a little ochre light grey CS EDX/LMA Bomford 1988
nciiz 348 Portrait of a 70-year old New York 1635 red earth, umber lead white, umber, a little bone, a little red and brown ochre CS EDX Groen
woman
1A 113 471 Rape of Ganymede Dresden 1635 red earth, a little quartz and calcite lead white, chalk, a little black grey CS ESA XRD KYhn 1977
A 110 497 BelshazzarOs feast London 1635 orange-red earth lead white, umber, carbon black light fawnish grey CS EDX/LMA Bomford 1988
Il A 109 499 Samson threatening his Berlin 1635 red earth, quartz (2 layers, top one lead white, very little red and brown ochre and black CS EDX Groen
father-in-law thin and translucent)
11 A 109 copy 1499 fSahms<_)n Ithreatening his Private coll. Miami 1635/36 |red earth, a little umber lead white, bone black, a little brown and yellow ochre CS EDX Groen
ather-in-law
A 119 474 Danae St Petersburg 1636 /42 | red earth, a little quartz and feldspar lead white, a little bone black light grey CS EDX XRF Kosolapov, A.
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Table Ill. Grounds on canvas  (including the grounds in Tables IV, V and VI) (continued)

Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs.
IMA118 B57 The Ascension Munich 1636 red-brown ochre lead white, ochre, charcoal black black brown red CS? ESA XRD KYhn 1962/65
213 Swalmius Antwerp 1637 red earth lead white, a little red and yellow-brown ochre, charcoal light grey CS EDX Groen
black (finely ground)
215 Man in armchair New York 1638 red earth (high Si and Al) Iee;]d white, charcoal black (fine), a little red and yellow grey CS EDX Groen
ochre
1A 123 507 The wedding of Samson Dresden 1638 red and brown ochre, lead white, chalk lead white, brown ochre grey brown CS ESA XRD KYhn 1977
IIIA 129 216 Man standing Kassel 1639 (rrtlad’farth, Iquartz), a little umber lead white, a little umber and charcoal black light brownish yellow | CS EDX ESA XRD | Groen
igh Si, 2 layers’
A 134 56 Dead peacocks Amsterdam c. 1639 (rﬁ_dﬁg{tt; Iquartz), a little black lead white, a little bone black and umber light yellowish brown | CS EDX ESAXRD | Groen
igh Si, 2 layers
Il A 139 B4 Self-portrait London 1640 red earth lead white, brown ochre, a little charcoal fawnish grey CS, EDX/LMA Bomford 1988
449 Landscape Private Coll. c. 1640 red earth lead white, fine yellow ochre, finely ground charcoal black grey CS EDX Groen
Il A 145 360 Agatha Bas London, Royal Coll. 1641 red earth, contains umber lead white, a little bone black and umber brownish grey CS EDX Groen
Il A 146 10 The Night watch Amsterdam 1642 quartz, feldspar, clay minerals (illite), dark greyish brown CS EDX XRD Groen 18,
muscovite, yellow and brown ochre, 20,
a little chalk 23
224 Man with falcon Coll. Duke of Westminster 1643 red earth lead white, umber brown? CS microprobe Groen
363 Woman with fan Coll. Duke of Westminster 1643 red earth lead white, umber brown? CS microprobe Groen
362 Old lady with a book Washington 1643 red earth Ibead whiti, a little charcoal black, chalk, yellow and grey CS XRF Groen
rown ochre
234 Man in a steel gorget New York 1644 quartz, clay minerals, ilmenite, brown light yellowish brown | CS EDX Groen
ochre, a little red ochre and chalk
237 Scholar at writing desk Cologne 1644 quartz, a little ochre yellowish CS? ESA XRD KYhn 1965
lcii4 369 Seated woman with a Toronto 1644 quartz, clay minerals, ilmenite, very golden brown CS EDX XRF XRD |Groen 30
handkerchief little ochre, black and chalk
223 Portrait of an admiral New York 1645 ? quartz, clay minerals, ilmenite, a little yellowish brown CS EDX XRD Groen
red and brown ochre, very little black
and chalk
236 Rabbi Berlin 1645 quartz, clay minerals (illite, a little brown CS EDX Groen 27

kaolinite), mica, ilmenite (FeTiO3),
a little brown ochre, chalk

240 Rabbi Dresden c. 1645 red ochre, chalk lead white, chalk, charcoal black grey CSESA KYhn 1977

364 Portrait of a woman New York 1645 ? quartz, calcite (XRD: 30%), clay light yellowsish browr) CS EDX XRD Groen
minerals, a little brown and red ochre
and bone black

Val. 313 | The Mill Washington 1645 /48 |reddish brown earth lead white, charcoal black, orange-yellow ochre (lumps) yellowish grey €S Groen
575 Adoration of the shepherds London 1646 quartz, brown ochre brown CS EDX/LMA Bomford 1988
257 A seated man London c. 1648/50 [fine yellow and brown iron oxide, sand colour Cs Groen
a little red earth, quartz, umber(?)
IV 6 39 OSelf portraitd® Washington 1650 red ochre (2 layers), a little quartz lead white, bone (or charcoal?) black, little umber, very dark grey CS XRF Groen
and chalk little red and brown ochre
130 Man with curly grey hair The Hague 1650 red ochre, umber, chalk, a little lead lead white, brown ochre, umber, a little red ochre and dark greyish brown CS EDX XRD Groen
white charcoal black white
253 Oriental figure Private coll. Japan c. 1650 red ochre, chalk, little umber, very lead white, chalk, coarse charcoal black, little ochre greyish brown CS EDX Groen
little black and umber
258 Old man with a red cap Baltimore 1650 q:Jalrtz,rlﬁoklinite, mica, red ochre, yellowish-brown CS EDX XRD Groen 31
allittle chal
1ncas 509 ManoahOs sacrifice Dresden c. 1650 red I(hea{n_atite), a little Fe-silicates, lead white, chalk, charcoal black grey CS ESA XRD KYhn 1977
smalt, calcite
584 Descent from the Cross Washington 1650 /52 |lead white, umber, a little yellow ochre brown grey ©5] Groen
The Centurion Cornelius London, Wallace Coll. c. 1650 quartz, clay minerals, ilmenite, a little brown CS EDX XRD Groen
umber, red ochre, a little chalk
Man in armour New York 71.84 1650 s quartz, clay minerals, ilmenite, brown brown CSEDXESAXRD |Groen
ochre, a little red ochre, chalk
377 Kitchenmaid Stockholm 1651 red earth, umber lead white, chalk, charcoal black, brown ochre brown CS EDX Groen
378 A girl with a broom Washington 1651 ? brown ochre, umber, quartz, bone black, translucent brown CS EDX Groen
lead white, chalk
583 Christ appearing to Mary Braunschweig 1651 quartz yellowish ESA XRD KYhn 1965
Magdalene
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Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs.
V8 42 Oself-portrait® Vienna 1652 red ochre, a little umber (high Si) lead white, umber, a little black brownish-grey CS EDX Groen
267 An old man in an armchair London 1652 orange-red earth Ibrog’/vn r(])chre or umber, chacoal black, chalk, a little brown Ccs Groen
ead white
268 Nicolas Bruyningh Kassel 1652 l;ed earthh(hi)gh Si = quartz, little yellow- lead white, umber, charcoal black greyish brown CS EDX ESAXRD | Groen 13
rown ochre
478 Aristotle New York 1653 red earth lead white, a little chalk, bone black, brown and yellow light ochreous CS EDX XRF Groen 14
ochre, umber
275 Standard Bearer New York 1654 red ochre lead white, charcoal black, a little brown ochre grey CS EDX XRF Groen
438 Young woman in fanciful dress  New York 1654 quartz, clay minerals, a little brown light yellowish brown| CS EDX ESA XRD | Groen
(Sibyl) earth, chalk
480 Man in armour Glasgow 1654 /55 | quartz (alpha-silica), a little brown ochre, greyish brown CS EDX XRD Brown 1992
lead white and calcite
Young woman with pearls New York 14.40.629 1654 red earth lead white, a little brown ochre yellowish CS EDX Groen
1V 10 version 4 | 46 Self-portrait with sketchbook Dresden 1655 chalk yellowish white CS ESA XRD KYhn 1977
120 Titus Rotterdam 1655 lead white, umber, a little yellow and brown CS EDX Groen 17
red ochre, quartz
121 Titus New York 1655 red earth, chalk lead white, brown ochre, bone black grey CS ESAEDX XRD  |Groen
128 Man with the golden helmet Berlin 1655 red bole, a little quarts and lead white lead white, charcoal black grey CSESA Burmester 1977
269 Old man with a red cap Berlin 1655 quartz, a little ochre brownish yellow ESA XRD KYhn 1962/65
277 Portrait of a man New York 1655 red earth lead white, chalk(?), a little charcoal black and yellow ochie  grey CS EDXESAXRD |Groen
280 Portrait old man Stockholm 1655 red ochre, umber lead white, brown ochre, charcoal black brown CS EDX Groen
284 Man with beard Berlin 1655 red earth, umber, K-Al-silicates, chalk lead white, umber, bone black grey CS EDX Groen
308 A Franciscan Friar London 1655 orange-red earth lead white, a little colourless smalt/glass CS EDX/LMA Bomford 1988
388 Portrait of a woman Stockholm 1655 red ochre, umber lead white, brown ochre, carbon black light brown CS EDX Groen
523 Joseph accused by PotipharOs Washington 1655 quartz (alpha quartz), clay minerals, yellowish brown CS EDX XRD Groen
wife ilmenite, iron oxides, a little chalk
524 Joseph accused by PotipharOs Berlin 1655 quartz, a little ochre brownish yellow CS? ESAXRD KYhn 1965
wife
526 David playing harp for Saul The Hague 1655 lead white, umber, a little smalt lead white, umber greyish brown CS EDXESA XRD | Groen
1660-65
113 Hendrickje Stoffels London 1656 quartz, brown ochre, a little lead white dark brown CS EDX/LMA Bomford 1988
390 Woman holding a pink Washington 1656 quartz, clay minerals (Mg-silicate), yellowish CS EDX Groen 32
a little brown ochre and chalk
414 Deyman Amsterdam, Hist. Mus. 1656 quartz, clay minerals, brown ochre, yellowish brown CS EDX XRD Groen
a little yellow and red ochre and black,
iimenite, a little chalk
525 Blessing of Jacob Kassel 1656 red ochre, a litte chalk lead white, charcoal black grey CS ESA XRD KYhn 1965, 1976,
Von Sonnenburg 1978
123 Titus London, Wallace Coll. 1657 chalk, a little lead white and umber brog\{n (?iscoloured CS EDX XRD Groen
medium
283 Bearded man with cap London 1657 orange-red earth lead white, brown ochre, umber brownish yellow CS EDX/LMA Bomford 1988
612 The Apostle Paul Washington 1657 quartz (alpha quartz), clay minerals, brown (translucent) CS EDX XRD Groen 33
a little yellow ochre, chalk and ilmenite
IV 14 50 Self-portrait Frick Coll. N.Y. 1658 quartz, a little ochre yellowish white CS? ESA XRD KYhn 1965
292 Portrait of a young man Paris 1658 red earth lead white, charcoal black, a little earth pigment grey CS electron Hours
microprobe
293 Young man with baret New York 1658 red earth, chalk, a little umber lead white, fine bone black, a little umber and yellow ochre  grey CS EDX Groen
(2 layers, top thin, translucent)
294 The Auctioneer New York 1658 quartz, little red ochre, black, light yellowish brown| CS EDX XRF XRD | Groen 34
a little chalk
327 Gentleman with tall hat and Washington 1658 /60 |quartz, clay minerals, a little brown yellowish-brown CS EDX Groen
gloves ochre, very little black, chalk and
ilmenite
IV 18 51 Self-portrait Washington 1659 rert]j eartt)l, a little black (two layers, lead white, a little umber and bone black light grey CSEDXESAXRD |Groen
richin Si
297 Elderly man as S. Paul London 1659 lead white, umber, black lead white, charcoal, a little umber greyish brown CS EDX/LMA Bomford 1988
527 Moses with the Tables Berlin 1659 chalk, very little umber yellowish CS EDX Groen 16
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Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs.
IV 17 Bauch337| OSelf-portrait® Stuttgart 1659 quartz (XRD: 70-80%), phyllite, yellowish brown CS? ESA XRD KYhn 1963, 1965
chlorite, sericite, kaolinite, limonite
(iron oxide), a little calcite
1V 20 54 Self-portrait New York 1660 chalk, a little brown ochre chalk, a little ochre and umber, very little lamp black light greyish CS EDX XRF Groen
IV 21 56 OSelf-portrait® Melbourne 1660 quartz, earth pigments mid- to dark brown | CS Report John Payne
IV 22 57 OSelf-portrait® Cambridge, Mass. 1660 quartz, clay minerals, a little iron oxide, brownish yellow CS EDX Groen 28
chalk and iimenite
114 Flora New York 1660 quartz, clay minerals, a little brown light brown CS EDX XRF Groen 29
ochre and black, a little chalk
118 Hendrickje Stoffels New York 1660 quartz, clay minerals, a little brown yellowish brown CS EDX XRF ESA Groen
ochre, very little bone black and chalk XRD
124 Portrait of a young man Baltimore 1660 chalk, a little brown ochre or Cologne yellowish CS EDX Groen
earth, very little quartz
306 A young monk (Titus) Amsterdam 1660 chalk, umber lead white, chalk, umber light greyish brown CS EDX ESA XRD | Groen
528 Jacob wrestling with the angel|  Berlin 1660 quartz, a little ochre brownish yellow CS? ESA XRD KYhn 1965
594 Apostle Peter denying Christ Amsterdam 1660 quartz, red and brown ochre, a little brown CSEDXESAXRD |Groen
black and chalk
Man in a cap London NG 2539 1660 quartz dark brown CS EDX Roy, report NG London
Old woman cutting her nails New York 14.40.609 1660 ? chalk, a little red ochre, umber and yellowish-brown CS EDXESAXRD | Groen
quartz
307 Capuchin monk reading Helsinki 1661 red earth, umber, a little quartz lead white, umber, charcoal black, a little quartz greyish brown CS EDX Groen
310 Two negroes The Hague 1661 red earth, chalk lead white, chalk, brown ochre, a little yellow ochre dark greyish brow CSEDXESAXRD  Groen
and bone black
IV 24 59 Self-portrait as St Paul Amsterdam 1661 red ochre, chalk (2 layers, top medium lead white, brown ochre, bone black, a little chalk grey CS EDXESAXRD |Groen
rich)
314 Jacob Trip London 1661 orange-red earth lead white, chalk, yellow ochre, umber, charcoal black khaki CS EDX/LMA Bomford 1988
394 Margaretha de Geer London 1661 orange red earth lead white, chalk, yellow ochre, umber, charcoal khaki CS EDX/LMA Bomford 1988
395 Margaretha de Geer, bust London 1661 chalk lead white, chalk, yellow and red earth, charcoal black light yellowish brown CS EDX/LMA Bomford 1988
length
482 Claudius Civilis Stockholm 1661 /62 |red and brown ochre, umber, chalk, lead white, umber reddish brown CS EDX Groen
lead white
596 The Circumcision Washington 1661 quartz, red and brown ochre, a little quartz, red and brown ochre (lighter than 1st ground) yellow brown CS EDX Groen
black and chalk
615 The Apostle Bartholomeus Los Angeles 1661 red earth lead white, umber, yellow ochre, bone black CS EDX Groen
616 Old man praying Cleveland 1661 red earth, chalk, very little black lead white, umber, a little chalk and red ochre greyish brown CS EDX Groen
629 Christ with pelgrimstaff New York 1661 chalk, a little red ochre lead white, a little umber, red ochre and charcoal(?) black yellowish CS EDX XRF ESA  |Groen
XRD
616A The Apostle Simon Zurich 1661 chalk, umber (3 layers, top most lead white, umber, bone black grey CS EDX XRD Groen
medium)
IV 25 61 Self-portrait as Zeuxis Cologne 1662 quartz, yellow ochre yellowish brown CSEDXESAXRD | Groen &5
311 Portrait of a young man St Louis 1662 lead white, umber, charcoal black, same as 1st ground, slightly lighter hue greyish brown CS EDX Groen
yellow ochre, chalk
312 Portrait of a young man at Washington 1662 /63 | chalk, umber, red ochre lead white, bone black, a little brown ochre or umber light brown CS EDX Groen
atable
326 Man with magnifying glass New York 1662 quartz, little red and yellow ochre yellowish CS EDX XRF Groen
and black
401 Lady with a pink New York 1662 quartz, chalk, umber, little red ochre light brown CS XRF Groen
and black
415 Syndics Amsterdam 1662 chalk, lead white, umber lead white, umber (2 layers) light brown CS EDX Groen
255 Frederik Rihel London 1663 quartz, brown ochre brown CS EDX Bomford 1988
483 Homer dictating The Hague 1663 chalk, a little ochre and umber chalk, a little ochre and umber, a little lead white yellowish CS EDXESAXRD |Groen
595 Pilate washing his hands New York 1663 quartz, clay minerals, a little brown yellowish CSEDXESAXRD |Groen
ochre, a little chalk and ilmenite
Val. 481 | Johannes Evangelist Munich 1663 quartz, ochre yellowish white CS? ESA XRD KYhn 1965
317 Man New York 1665 ? chalk, brown ochre brownish CS EDXESAXRD  |Groen
398 Portrait of a lady with a dog Toronto 1665 quartz, clay minerals, ilmenite, brown dark brown CS XRD EDX Groen

ochre, umber, a little red ochre, chalk
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Corpus Bredius Title Location Date 1st ground 2nd ground Colour 2nd ground Analyses Source Figs.
416 Jewish Bride Amsterdam c. 1665 quartz, clay minerals, brown ochre, brown CS EDX XRD Groen 19, 21,
a little chalk and iimenite 22,24,
25, 26
417 Family portrait Braunschweig c. 1665 quartz, clay minerals(?), a little ochre grey brown CS ESA XRD Groen
618 Evangelist writing Rotterdam c. 1665 quartz (alpha silica), clay minerals, light yellowish brown| CS EDX XRD Groen 36
a little brown ochre, chalk and ilmenite
322 Portrait of a young man Kansas City 1666 red-brown earth, chalk, lead white lead white, bone black, brown ochre, little red, little chalk brown CS EDX Groen
323 Portrait of a white-haired man| Melbourne 1667 lead white, chalk, umber, charcoal nearly identical to 1st ground, slightly darker grey CS EDX Groen 15
black, a little quartz
324 Man in hat with pearls Dresden c. 1667 quartz, clay minerals, chalk yellowish brown CS ESA XRD KYhn 1977
323A Portrait of an old man The Hague 1667 red and brown ochre, chalk, little brown ochre, a little red, lead white, chalk, a little yellowish brown CS EDX Groen
lead white charcoal black
IV 27 55 Self-portrait London 1669 quartz, brown ochre brown CS EDX/LMA Bomford 1988
IV 29 62 Self-portrait The Hague 1669 g?adkwhite, umber, red ochre, bone greyish brown CS EDX XRD Groen
ac
V7 41 Rembrandt leaning on a Cincinnati before1693 lead white, a little charcoal black, light grey CS EDX Groen
windowsill umber and chalk
IA96 copy 3 |21 Self-portrait Private coll. Maastricht 1770 lead white, a little chalk, red ochre, light red CS EDX Groen
1800 carbon black
IIC 61 84 Young woman in a cap, copy | Private coll. Brussel prob. lead white, a little chalk, red ochre, light red CS EDX Groen
18th c. organic red, carbon black
IIC 61 84 Young woman in a cap, copy | Private coll. Paris 18th c. l;?d Lron oxide, a little lead white and brown iron oxide, carbon black, a little lead white red-brown CS EDX Groen
ac
239 Old man with a stick, copy Amsterdam, Rembrandt- 17th/ red earth, a little bone black, umber, lead white, charcoal and bone black, a little umber grey CS EDX Groen
huis 18th c. quartz (high Si)
239 Old man with a stick, copy Liechtenstein Coll. 17th/ red earth (high Si = quartz), umber lead white, charcoal and bone black, a little yellow- grey (naked eye: CS EDX Groen
18th c. brown ochre bluish grey)
239 Old man with a stick, copy Private coll. Italy 18th c. red and brown ochre reddish CS EDX Groen
1V 10 version 3| 46/47 Self-portrait with sketchbook Private coll. England 17th/ brownish-red iron oxide, umber, medium rich layer of iron oxide, bone black, a little brownish-red CS EDX Groen
18th c. a little quarts lead white and chalk
IV 10 version 5| 46/47 Self-portrait with sketchbook Coll. Bader, Milwaukee 17th/ lead white, charcoal black, a little grey CS EDX Groen
18th c. yellow-brown ochre and massicot(?)
CS = cross-section

EDX = energy dispersive X-ray analysis

XRD = X-ray diffraction analysis
XRF = X-ray fluorescence

ESA = emission spectral analysis
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Corpus Bredius Title Location Date Ground EDX result
11l A146 410 The Night watch Amsterdam 1642 quartz, feldspar, clay minerals (illite), muscovite, yellow and brown ochre, a little chalk ((Na)), (Mg)Al, Si, (Pb), K, (Ca), (Fe)
234 Man in a steel gorget New York 1644 quartz, clay minerals, ilmenite, brown ochre, a little red ochre and chalk (Na), (Mg), AlSi, (Pb), K, (Ca), (Ti), Fe
237 Scholar at writing desk Cologne 1644 quartz, a little ochre
111 C114 369 Seated woman with a handkerchief Toronto 1644 quartz, clay minerals, ilmenite, very little ochre, black and chalk (Na), (Mg), AlSi, K, (Ca), (Ti), Fe
223 Portrait of an admiral New York 1645 ? quartz, clay minerals, ilmenite, a little red and brown ochre, very little black and chalk (Na), (Mg), ALSi, (Pb), (K), (Ca), (Ti), (Fe
236 Rabbi Berlin 1645 quartz, clay minerals (illite, a little kaolinite), mica, ilmenite (FeEjQa little brown ochre, chalk (Na), (Mg}, Si, K, Ca, (Ti), Fe
364 Portrait of a woman New York 1645 ? quartz, calcite (XRD: 30%), clay minerals, a little brown and red ochre and bone black (Na), (Mg), AlSi, P, (Pb), (CI), (K), Ca, (F
575 Adoration of Shepherds London 1646 quartz, brown ochre Al, Si, Fe
583 Christ appearing to Maria Magdalene Braunschweig 1651 quartz
258 Old man with a red cap Baltimore 1650 quartz, kaolinite, mica, red ochre, a little chalk (Al), Si, (K), (Ca), (Fe)
The Centurion Cornelius London, Wallace Coll. c. 1650 quartz, clay minerals, ilmenite, a little umber, red ochre, a little chalk (Al), Si, (Pb), K, (Ca), (Ti), (Mn), Fe
Man in armour New York 71.84 1650 s quartz, clay minerals, ilmenite, brown ochre, a little red ochre, chalk (Na), (Mg), (A)Si, (Pb), K, Ca, (Ti), Fe
438 Young woman in fanciful dress (Sibyl) New York c. 1654 quartz, clay minerals, a little brown earth, chalk (Na), (Mg), Al,Si, (Pb), K, Ca, Fe
480 Man in armour Glasgow 1654 /55 quartz (alpha-silica), a little brown ochre, lead white and calcite
524 Joseph accused by PotipharOs wife Berlin 1655 quartz, a little ochre
269 Old man with a red cap Berlin c. 1655 quartz, a little ochre
523 Joseph accused by PotipharOs wife Washington 1655 quartz (alpha quartz), clay minerals, ilmenite, iron oxides, a little chalk (Mg), Al, Si, (Pb), K, (Ca), (Ti), Fe
113 Hendrickje Stoffels London c. 1656 quartz, brown ochre, a little lead white Al, Si, (Pb), Fe
390 Woman holding a pink Washington 1656 quartz, clay minerals (Mg-silicate), a little brown ochre and chalk (Na), (Mg), AlSi, ((Pb)), (K), (Ca), (Fe)
414 Deyman Amsterdam, Hist.Mus. 1656 quartz, clay minerals, brown ochre, a little yellow and red ochre and black, iimenite, a little chalk BAlJPD), K, (Ca), (Ti), Fe
612 The Apostle Paul Washington c. 1657 quartz (alpha quartz), clay minerals, a little yellow ochre, chalk and ilmenite EE\Ia))) ((Mgg, AlSi, (S/Pb), (K), (Ca),
Ti)), (Fe
294 The Auctioneer New York 1658 quartz, little red ochre, black, a little chalk Al, Si, (Pb), K, (Ca), Fe
IV 14 50 Self-portrait Frick Coll. N.Y. 1658 quartz, a little ochre
327 Gentleman with tall hat and gloves Washington c. 1658/60 quartz, clay minerals, a little brown ochre, very little black, chalk and ilmenite (Mg), Al, Si, ((Pb)), (K), ((Ca)), ((Ti)), (Fe)
IV 17 Bauch 337 OSelf-portrait® Stuttgart c. 1659 quartz (XRD: 70-80%), phyllite, chlorite, sericite, kaolinite, limonite (iron oxide), a little calcite
114 Flora New York c. 1660 quartz, clay minerals, a little brown ochre and black, a little chalk Al, Si, (Pb), (K), (Ca), Fe
1V 22 57 Oself-portrait® Cambridge, Mass. c. 1660 quartz, clay minerals, a little iron oxide, chalk and iimenite Al, Si, K, (Ca), (Ti), Fe
IV 21 56 OSelf-portrait® Melbourne 1660 quartz, earth pigments
118 Hendrickje Stoffels New York 1660 quartz, clay minerals, a little brown ochre, very little bone black and chalk Al, Si, (P), (Pb), K, (Ca), (Fe)
528 Jacob wrestling with the angel Berlin c. 1660 quartz, a little ochre
594 Apostle Peter denying Christ Amsterdam 1660 quartz, red and brown ochre, a little black and chalk Si, Pb, (K), Ca, Fe
Man in a cap London NG 2539 c. 1660 quartz
596 The Circumcision Washington 1661 quartz, red and brown ochre, a little black and chalk (2 layers, top lighter)
IV 25 61 Self-portrait as Zeuxis Cologne c. 1662 quartz, clay minerals, yellow ochre, chalk, a little ilmenite Al, Si, K, Ca, (Ti), Fe
326 Man with magnifying glass New York c. 1662 quartz, chalk, a little red and yellow ochre and black Al, Si, (K), Ca, Fe
401 Lady with a pink New York c. 1662 quartz, chalk, umber, little red ochre and black Si, (Pb), K, Ca, Fe
255 Frederik Rihel London 1663 quartz, brown ochre (Al), Si, (Ca), Fe
595 Pilate washing his hands New York c. 1663 quartz, clay minerals, a little brown ochre, a little chalk and ilmenite EN?), (Mg), ALSI, (P), (Pb), (K), (Ca),
Ti), Fe
Val. 481 Johannes Evangelist Munich 2174 c. 1663 quartz, ochre
398 Portrait of a lady with a dog Toronto c. 1665 quartz, clay minerals, ilmenite, brown ochre, umber, a little red ochre, chalk (Mg), Al, Si, (Ph), K, Ca, ((Ti)), (Mn), Fe
416 Jewish Bride Amsterdam c. 1665 quartz, clay minerals, brown ochre, a little chalk and ilmenite Al, Si, K, (Ca), (Ti), Fe
417 Family portrait Braunschweig c. 1665 quartz, a little ochre
618 Evangelist writing Rotterdam c. 1665 quartz (alpha silica), clay minerals, a little brown ochre, chalk and iimenite (Na), (Mg), AlSi, (K), (Ca), (Ti), Fe
324 Man in hat with pearls Dresden c. 1667 quartz, clay minerals, chalk
vV 27 55 Self-portrait London 1669 quartz, brown ochre, a little chalk and ilmenite (Al), Si, (Ca), (Ti), Fe
bold = major component
() = minor component
(()) =trace
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Corpus Bredius Title Location Date 2nd date 1st ground 2nd ground Fig.
584 Descent from the Cross Washington 1650 /52 lead white, umber, a little yellow ochre
120 Titus Rotterdam 1655 lead white, umber, a little yellow and red ochre, quartz
526 David playing harp for Saul The Hague 1655 1660-65 lead white, umber, a little smalt lead white, umber
297 Elderly man as S. Paul London 1659 lead white, umber, black lead white, charcoal, a little umber
311 Portrait of a young man St Louis 1662 lead white, umber, charcoal black, yellow ochre, chalk same as 1st ground, slightly lighter hue
323 Portrait of a white-haired man Melbourne 1667 lead white, chalk, umber, charcoal black, a little quartz nearly identical to 1st ground, slightly darker 15
IV 29 62 Self-portrait The Hague 1669 lead white, umber, red ochre, bone black
Table VI. Grounds composed mainly of chalk
Corpus Bredius Title Location Date 1st ground 2nd ground Fig.
1V 10 version 4 46 Self-portrait with sketchbook Dresden afterc. 1655 chalk
123 Titus London, Wallace Coll. c. 1657 chalk, a little lead white and umber
527 Moses with the Tables Berlin 1659 chalk, very little umber 16
1V 20 54 Self-portrait New York 1660 chalk, a little brown ochre chalk, a little ochre and umber, very little lamp black
124 Portrait of a young man resting chin on his hand Baltimore 1660 chalk, a little brown ochre or Cologne earth, very little quartz
306 A young monk (Titus) Amsterdam 1660 chalk, umber lead white, chalk, umber
Old woman cutting her nails New York 14.40.609 1660 ? chalk, a little red ochre, umber and quartz
395 Margaretha de Geer, bust length London 1661 chalk lead white, chalk, yellow and red ochre, charcoal black
629 Christ with the pilgrim staff New York 1661 chalk, a little red ochre lead white, a little umber, red ochre and charcoal(?) black
616A The Apostle Simon Zurich c. 1661 chalk, umber (3 layers, top most medium) lead white, umber, bone black
312 Portrait of a young man at a table Washington 1662 /63 chalk, umber, red ochre lead white, bone black, a little brown ochre or umber
415 Syndics Amsterdam 1662 chalk, lead white, umber lead white, umber (2 layers)
483 Homer dictating The Hague 1663 chalk, a little ochre and umber chalk, a little ochre and umber, a little lead white
317 Man New York 1665 ? chalk, brown ochre
Table VII. Grounds of paintings on canvas other than by Rembrandt and members of his workshop produced in A Amsterdam between 1640 and 1669
Painter Title Location Date 1st ground 2nd ground Colour Analyses Source
2nd ground
Backer, Jacob The arquebusiersO civic guard Amsterdam C 1174 1642 red earth lead white, a little umber (chalk as well?) beige CS Groen
Backer, Jacob Self-portrait(?) Amsterdam Hist. Mus. SA 23536 1644 red earth IeeLd white, chalk?, charcoal black, a little yellgw warm grey Cs Groen
ochre
Bakhuysen, Ludolf Rough water Amsterdam Hist. Mus. SA 7447 yellow ochre, chalk lead white, bone black, umber grey CS] Groen
Beerstraaten, Jan The Paalhuis and the New Bridge Amsterdam Hist. Mus. SA 7291 1663 umber, chalk, a little lead white brown ochre, umber, barytes, quartz dark brown CS EDX | Groen
Beerstraaten, Jan Town canal with Heiligewegspoort Amsterdam Hist. Mus. SA 643 chalk, red ochre (2 layers, top more translucent) lead white, chalk(?), charcoal black, umber grey brown CS Grog
Beerstraaten, Jan The 1J near the New Bridge in winter, east Amsterdam Hist. Mus. SA 74 chalk, umber, a little red ochre chalk, umber, a little red ochre light brown CS Groen
Beerstraaten, Jan Sea-scape Private Coll. 1650-1675 chalk, ochre, smalt, manganese black, lead white XRD Bg%mester
1987
Beerstraaten, Jan The 1J near the New Bridge in winter, west Amsterdam Hist. Mus. SA 73 umber, a little lead white, very little chalk umber, chalk, a little lead white and quartz dark brown CSEDX Groen
Bol, Ferdinand Self-portrait Dordrecht DM 887/372 1646 red earth lead white, charcoal black, a little red ochre greyish brown CSED. Groen
Bol, Ferdinand Erasmus Scharlaken and Anna van Erckel Dordrecht (ICN NK 2435) 1648 red earth (high Al and Si), a little bone black, lead white, very little chalk, charcoal black, grey CSEDX |Groen
charcoal black and umber little yellow and brown ochre/umber
Bol, Ferdinand Four regents of the leper-house Amsterdam Hist. Mus. SA 7295 1649 red and yellow ochre, lead white Iehad whilt(e,)a;):ittlﬁ brown and yellow ochre, brownish grey Cs Groen
charcoal(?) blac
Bol, Ferdinand Portrait of Louis Trip The Hague 0795 1652 1st ground missing in this sample? lead white, charcoal black, a little brown ochre  grey Cs Groen
Bol, Ferdinand Venus, Paris, Amor Dordrecht (ICN NK 1701) 1656 chalk, red iron oxide, a little umber and lead lead white, a little red and yellow, umber, a grey CSEDX |Groen
white little bone black
Bol, Ferdinand Naaman refuses ElisaOs presents Amsterdam Hist. Mus. SA 7294 1661 red earth, a little charcoal black lead white, charcoal black, yellow ochre grey Cs Groen
Bol, Ferdinand Portrait of a man Amsterdam A 43 1663 lead white, chalk, a little ochre XRD KYhn 1965
Bol, Ferdinand Portrait of Admiral Michiel de Ruyter The Hague 0585 1667 lead white, coarse charcoal black, brown ochre light brown Cs Noble
Bol, Ferdinand The undauntedness of Fabritius Amsterdam Hist. Mus. SA 35807 1655/56 chalk, a little umber lead white, umber, chalk, very little quartz brown CSEDX |Groen
Bol, Ferdinand Self Portrait Munich inv 609 c. 1645 lead white, a little ochre XRD KYhn 1965
Bol, Ferdinand The wife of the artist Munich inv 610 c. 1645 lead white, a little ochre XRD KYhn 1965
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Painter Title Location Date 1st ground 2nd ground Colour Analyses Source
2nd ground
Bol, Ferdinand Abraham receives the three angels Den Bosch (ICN B736) 1655 brown ochre, umber, chalk, a little red ochre lead white, chalk, a little red and brown ochiie  light brown CSEDX Groen
Bol, Ferdinand(?) Portrait of Elisabeth Bas Amsterdam A 714 c. 1640 ochre, lead white XRD KYhn 1962
Bol, Ferdinand(?) The departure Liechtenstein Coll. G 592 chalk, iron oxide (high Si) lead white, chalk, a little iron oxide, bone black grey CSEDX |Groen
Borch, Gerard ter Cornelis de Graeff The Hague 0883 1674?27 lead white, umber light brown CS Groen
Dujardin, Karel The sick goat Munich inv 291 c. 1660 ochre, lead white XRD KYhn 1965
Eeckhout, Gerbrand van den| Royal meal in a cave Liechtenstein Coll. G 645 1660 red earth, chalk, umber lead white, chalk, umber, charcoal black dark brownish CS ED. Groen
grey
Eeckhout, Gerbrand van den| The last supper Amsterdam A 2507 1664 ochre, chalk yellowish XRD KYhn 1965
Eeckhout, Gerbrand van den| Chirst and the woman in adultery Amsterdam A 106 c. 1640 ochre, lead white yellowish brown | XRD KYhn 1965
Eliasz, Nicolaes (Pickenoy) The company of captain Vlooswijck Amsterdam C 1177 1642 red earth lead white, umber, chalk? beige-brown Cs Groen
Everdingen, Allaert van Swedish landscape Amsterdam Hist. Mus. SA 7497 gralk, a little brown, red, yellow ochre, black, brown CS Groen
ue pigment

Fabritius, Barent Willem van der Helm and his family Amsterdam A 1304 1656 lead white, chalk, a little ochre yellowish grey XRD KYhn 1965
Flinck, Govaert A young woman London, WC P78 lead white, umber, a little yellow ochre grey-brown CS Groen
Flinck, Govert Citizen soldierOs feast peace of Munster (sketgh)  Amsterdam Hist. Mus. SA 7318 1648 umber, chalk, a little lead white CSEDX |Groen
Flinck, Govert Pieter Reaal Amsterdam Hist. Mus. SB 6325 (ICN NK 3587 1643 red earth lead white, charcoal black, yellow ochre, grey CSEDX |Groen

a little brown ochre
Helst, Bartholomeus van der| The celebration of the peace of Munster Amsterdam C 2 1648 red earth lead white, charcoal?black, brown ochre greyish-brown cs Groen
Helst, Bartholomeus van der| Man in black OatlasrockO Munich inv 7256 1649 ochre, chalk lead white grey CS? XRD |KYhn 1965
Helst, Bartholomeus van der| Regents and Reger of the spinning-hquse ~ Amsterdam Hist. Mus. SA 4367 1650 red earth? lead white, a little ochre and black yellowish white | CS Groen
Helst, Bartholomeus van der| Portrait of the painter Paulus Potter The Hague 054 1654 red earth, a little black and umber lead white, black, ochre or umber grey Cs Pottash
Janssens Elinga, Pieter Woman reading Munchen inv 284 c. 1660-/70 ochre, lead white red XRD KYhn 1965
Kalf, Willem Still life with silver jug Amsterdam A 1995 red earth, chalk, a little lead white lead white, brown ochre yellowish brown | CS EDX | Wallert 1999
Keyser, Thomas de Group portrait of an unidentified body Amsterdam A 4236 red earth lead white, a little black whitish grey €S Groen
Koninck, Philips Distant view, with cottages lining a road Amsterdam A 4133 1655 red earth lead white, umber light brown CSs Groen
Koninck, Philips River landscape Amsterdam A 206 1676 ochre, chalk yellowish XRD KYhn 1965
Koninck, Philips Landscape Munich inv 9407 c. 1655 lead white, a little ochre light grey XRD KYhn 1965
Koninck, Salomon The idolatry of King Solomon Amsterdam A 2220 1644 lead white, chalk, umber/brown ochre grey-brown CS Groen
Lievens, Jan Allegory of peace Amsterdam A 612 1652 calcite, ochre, a little charcoal black Ieaéit\)/vhite, yellow ochre, a little brown ochre light brown CSEDX Groen

and blac|
Lievens, Jan Portrait of a man SKRA no 1681 c. 1650 orange-red earth (high Si) lead white, calcite, charcoal black, umber, brownish grey CSED Groen

a little quartz
Lingelbach, Johannes Dam square with new town hall Amsterdam Hist. Mus. SA 3044 1656 red earth lead white, bone black, ochre grey CS Groen
Loo, Jacob van The Meebeeck Cruywagenfamily Amsterdam A 81 1653 red earth Iea_Lg white, chalk(?), charcoal black, yellow iran  grey Cs Groen

oxide
Moeyaert, Claes The choice between old and young Amsterdam A 270 c. 1650 chalk yellowish-white | CS Groen
Musscher, Michiel van Michiel Comans Amsterdam A 4135 1669 calcite, a little lead white and lamp black %halk, very little lead white, lamp black and brown CSEDX |Groen

ochre
Nieulandt, Adriaen van Allegory of the peace of Munster Amsterdam A 1995 1650 red earth, lead white, little black lead white, charcoal black, a little umber grey CS Groen
Nooms, Reinier View of Prinsengracht at Reesluis, Amsterdam Amsterdam Hist. Mus. SA 591 c. 1650 red ochre, chalk? lead white, fine black, a little ochre? light grey CS Groen
Roghman, Roelant Mountainous landscape with waterfall Amsterdam A 760 c. 1650 chalk, little lead white chalk, lead white, brown ochre/umber, a little | brown Cs Groen

yellow and red iron oxide
Santvoort, Dirck Martinus Alewijn Amsterdam A 1310 1644 lead white, chalk(?), charcoal black, a little yellpw light yellowish CS Groen

and brown ochre grey
Tempel, Abraham van den Machteld Bas Amsterdam A 397 c. 1667? lead white, coarse charcoal black, brown and warm dark grey | CS Groen
yellow ochre, umber
Velde, Adriaen van de The Annunciation Amsterdam A 2688 1667 chalk, a little umber lead white, coarse black pigment, (chalk?) grey CS Groen
Velde, Jan van de Still life with wine glass, flute glass Amsterdam A 3988 1651 red earth lead white, charcoal black E’ght greyish Cs Wallert 1999
rown

Victors, Jan Hannah praying Dordrecht DM 861/327 1643 red earth, umber lead white, a little umber light brown CSEDX |Groen
Vlieger, Simon de Ships in distress Amsterdam Hist. Mus. SA 7432 1640 red earth lead white, yellow brown ochre beige CS Groen
Weenix, Jan Baptist Adog and a cat near a partially disembowelled| Amsterdam A 591 lead white, chalk, earth pigments, carbon black  carbon black, a little lead white and earth very dark grey CS] Walleft 1999

NB In none of these cases a quartz ground is found. This is also the case with (in Alkmaar) Cesar van Everdingen; (in Haarlem) Frans Hals, Judith Leyster,
Dutch paintings on canvas from the same period produced outside of Amsterdam Johannes Verspronck, Vincent van der Vinne, (the in Haarlem prepared canvases
for the Oranjezaal in Huis Ten Bosch do not have a quartz ground either); (in

by painters like:
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Delft) Willem van Aelst, Carel Fabritius, Johannes Vermeer; (in Dordrecht) Albert

Cuyp; Aert de Gelder, Samuel van Hoogstraaten, Jacob Levecq, Nicolaes Maes; (in Utrecht) Abraham Mignon.

(in Leiden) Pieter de Ring, Godfried Schalcken, Jai

n Steen; (in The Hague)
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Abraham van Beyeren, Adriaen Hanneman, Gerard van Honthorst, Jan Mijtens;
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problems is only possible by interpretation of the magnified image of the paint
surface together with the observation and analysis of a paint cross-section of the same
area. Even in the paint cross-section, when translucent brown layers, including
darkened varnishes, are present it is sometimes

difficult to judge how far the layers are indeed

originally applied green (or yellow?) glazes

turned brown, or original oil varnishes or later

additions. It is clear that there are several

reasons for the brown appearance of green

areas, as stated in the 1975 ICOM paper.

Copper glazes partially turned brown pose less

of a problem as far as originality is concerned,

as will be shown below. For this revision of the

early paper some of the same cross-sections,

described in the paper, were examined and

Fig. 2 Lucas van Leydeithe Last
Judgement, Museum De Lakenhal,
Leiden. Outside of the wings.

analysed again. For clarity, there are colour
illustrations, - colour photography was not
allowed for the ICOM paper at the time. Some additional samples from similar

problematic areas will be referred to.

The 1975 ICOM paper treats the analyses of three samples from green areas
appearing brown in Lucas van Leydeffis Last Judgement, 1526/7, Museum De
Lakenhal in Leiden (figs. 1 and 2).
Samples were removed during the
restoration (restoration by P.F.J.M.

HermesdorB. The Last Judgement was

Fig. 3 A thin section made from sample
85, showing at least four varnish layers
on top of the red paint. There are two
red paint layers, the top one, a glaze,
has patrtially discoloured.

3 P.F.J.M. Hermesdorf, M.L. Wurfbain, K. Groen, J.R.J. van Asperen de Boer, J.P. Filedt Kok,
OThe examination and restoration of The Last Judgement by Lucas van LeydenO, Nederlands
Kunsthistorisch Jaarboek 29, 1978, pp. 311-424.






On the painting surface, in the green areas, the visual effects vary from a slight

browning - in drapery -, to a thin layer - at the edge of trees -, to a thick brown crust.

— blue Cu
moss green S
bright green Fe

Fig. 5

- Above: electron microprobe analyse sample 14
from 1975 publication;

- middle: SEM-EDX line scan for Cu, S and Fe,
ICN 2010;

- below: electron micrograph of sample 14, ICN
2010.



Sample 14 is from the dark green centre of the trees of the outer right hand side panel
of St. Paul, where the brown is like a thick brown crust, as shown in figs. 4a 4nd 4b.
The sample was analysed again now, using scanning electron microscopy with energy
dispersive x-ray analysis (SEM-EDX) (fig. 5, middle and bottom). The instrument

was a Jeol 5910, used at low vacuum of 32 Pa and 20k¥.1975 XRD

identification of azurite, basic coper sulphate, lead-tin yellow and lead white in the
green layers was confirmed as far as the chemical elements present is concerned:
SEM-EDX scan confirmed the XRD result of there being comparatively more basic
copper sulphate mixed with the azurite in the top layer than in the bottom layer of the
two opaque green payers: the ratio Cu/S is clearly lower in the top one (c.1:1) than in
the bottom one (c. 4:1). The line scan in fig. 5-middle also shows that the brown top
of the leaves is not due to a brown ochre pigment: iron is absent. The browning does
not seem to be a case of painting autumn. Instead, there is Cu, and S, distributed
though the brown glaze. The varnish layers contain no copper. This means that there
is a green glaze turned brown between the opaque bluish green paint layers and the
dark varnishes. Sample 117, also from the green of a tree of the outer left-hand panel
of St. Peter, was not analysed again using SEM-EDX (fig. 6). However, renewed
microscopic examination of the fluorescence of the top layers helped to re-interpret
the result described in the 1975 paper: the orange-brown translucent layer, showing a
whitish fluorescence and therefore not a copper resinate, is a later addition (copper

resinates and oleates do now fluoresce).

With the, compared to 1975, much improved illumination in the research microscope,
both in normal light and in blue/ultraviolet, examination of the paint cross-sections
and their interpretation has become easier and more secure. It is at least possible to
distinguish between glazes and later applied varnishes. In some cases, detecting
copper in the thin dark top layers is a problem; the observation under the optical
microscope, together with the experienced eye of the restorer, has to suffice. Figs. 7 -

9 illustrate this point.

4 Object nr 672. Paint cross-sections and micro photographs are being kept at ICN.

5 With thanks to Dr. Ineke Joosten at the ICN in Amsterdam.



6a

6b

6¢C

7a

Fig. 7a Cross-section from sample 122, from the top
of the tree on the right-hand side of the right outer
panel of St. Paul (the same tree as in detail in fig. 8).
The brown layer overlaps the blue paint of the water
(lead white, finely ground azurite). On the right
cross-section from sample 123, both from the tree on
the outer panel right hand side, St Paul.

The thin section in 7b and the blue-uv photograph 7c
show that the green pigment particles are embedded
in a non-fluorescing, oil medium. Varnish is absent
here, but there is a thin superficial dark brown layer
over the original darkened oil medium containing
particles of a green copper pigment.

Fig. 6 sample 117, brown-green from a tree on
the outer panel on the left, depicting St. Peter.
The whitish fluorescence at the top at the right
hand side of the cross-section in 6b, oranje-
brown in normal light in 6a, indicates non-
original material. 6¢ see fig. 3, p. 124.

b

7c



Fig. 8 Micro photograph of a detail of the tree at the top of the right hand outer panel of St. Paul. The brown of the trees overlap
water. After removal of sample 15. Right sample 15 in norrmal light (top) and blue-uv (bottom). At the top of the sample the
fluorescing varnish is visible. The - in normal light - translucent orange layer shows only slight fluorescence and is original.

Brown passages in landscapes are not exclusive to Northern painting. As an example
the small panel, circle of Giovanni Bellini. In areas, where no green or blue pigment
could be detected with the naked eye or the stereomicroscope, the cross-section

showed that the brown paint was original, containing azurite in a dark(ened) medium

(figs. 9a and b).

9a Circle of Giovanni Bellin (c.1431/6-1516), St 9b Paint cross-section from a sample from the brown-green
Jerome reading in a landscape, panel, 26.6 x 21.{andscape in 5a. Particles of azurite in a brown oil medium on
cm, Ashmolean Museum, Oxford, A302. top of opaque paint containing lead white and azurite.



Fig. 10 sample 119 Green
drapery St. Peter, left outer
wing. Above and left the 1975
micro-destructive scan.

The top most layer, whitish
fluorescence, contains chalk.
The darkened copper resinate
has an orange colour in
normal light and shows no or
hardly any fluorescence.



Fig. 11 thin section of sample 119.

The discolouration of parts of St PeterOs green drapery - on the left outer wing in
Lucas van LeydenOs triptych - is due to the darkening of copper resinate (or oleate) in
the top of the translucent green paint. The thin sections made from the cross-section
of sample 119 (figs. 10 and 11) show the there is a translucent green layer that has
darkened to an orange colour at the top. Already the 1975 scan showed there to be
copper in the orange brown. This find was confirmed by the SEM-EDX analyses,
done at ICN 2010 (figs 12a and b). Iron was absent. Additional finds were that the
lead white under the green glaze contains copper as well and therefore its purpose
must have been to serve as an underpaint for the green glaze. Also, the top layer, now
dark, was shown to contain mostly chalk: perhaps another, originally yellow? glaze.
Organic yellows, for instance aloe, were mentioned in early written sources in

connection with green glazés.

Figs. 12a and b electron micrographs of sample 119, with a line scan for Cu in 12a on the left.

6 Margriet van Eikema Hommes, Changing pictures, London 2004, pp. 70-71.



The green drapery of the angel on the left-hand inner panel showed a slight browning,
which is copper resinate/oleate turned brown (figs. 13a-13d). At the time of sampling,
there were also thick varnish layers, that, in the cross-section, can be clearly
distinguished from the green-brown glaze. This type of discolouration from green to
brown is due to the influence of light. Proof of the pudding is the observation that
when, on canvas paintings the green is covered by the frame, or by another paint

layer, there is no discolouration.

Fig. 13, sample 52 from a light area in the drapery of the angel in the left-hand inner panel of Lucas van LeydenOs Last Juc
Fig. 13b, on the right, is a thin section made from the same cross-section.

Fig. 13c and 13d, cross-section and thin section from sample 53, from a shadow in the green drapery of the angelin the
inner panel of Lucas van LeydenOs Last Judgement.
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Othe foliage tends almost to blueO

As early as 1734 the art collector Valerius R8wgot rid of a painting by Jan Davidsz de Heem
because Othe colour had gone from some of the flowersQ. Discolouration in paintings is thus not
just a recent problem. Looking into the reasons for this phenomenon it appears that, lacking
better materials, painters often worked with colorants that were not colourfast, such as smalt,
Spanish green or verdigris aschietgeep In addition to which, OrestorersO have often in the past
caused irreparable damage, as a result of which the paintings can never again be seen in their
original state.

In his Groot SchilderboekGreat Book of Painting] (c. 1690) Gerard de Lairesse says that to be

a good flower painter one must be able to make an accurate drawing and have a thorough
knowledge of perspective. He went on to observe that: OFurther, one should have a good
knowledge of the colorants, to know which are stable and permanent...O from which it is evident
that, at the end of the seventeenth century, the durability of the different pigments was known.
Crispijn van de Passe describes in fine detail inDia Blom-Hofof 1614 Ohow one can paint
[flowers] in their own colours®OTheHortus floridusis really a florilegium, a lavishly illustrated

book on flowers, meant for garden lovers. Van de Passe was a copper-plate engraver. The
illustrations in his book were not coloured in, although he mentions all the different colorants
necessary for painting the flowers, stems, leaves etc. In contrast to De Lairesse, Van de Passe
does not refer to the fact that several of the colorants mentioned by him were not light-fast. His

1 This article is a revised and up-dated version of: Karin Groen, Ohet loof is wat na den blauwen treckendeQ,
Kunstschrift, Openbaar Kunstbe2it(1987), pp. 106-111, that also appeared®imtrouw aan Rembrandt en andere
verhalen Amsterdam 1991, pp. 115-123.

2 Valerius RSver described his art collection in manuscript catalogues that are currently housed in the Amsterdam
Universiteitsbibliotheek. The description of the paintings has been published. See: E. W. Moes, OHet Kunstkabinet
van Valerius R3ver te Delft®, Oud Holland 31(1913), pp. 4-24. See there on p. 20:, an entry in R3verOs register dd.
1719 listed number 64: Oeen bloemstuk van Jan Davids de Heem, extra uitvoerig f 164.- gekogt op het boelhuijs van
de kunstkoper Van Biesum te Rotterdam. Verkocht 1734 voor f 130.-, omdat de verf uit zommige bloemen was
uitgetrocken.®

3 See: Truusje Goedings and Karin Groen, ODutch pigment terminology 11, OSchietd yellow or Oschijtd yellow?0,
Hamilton Kerr InstituteBulletin Number 2 (1994), pp. 88-89, where it is shown that the name refers to the faecal
hue of the pigment, although it is also prone to fading (verschietiisappearing b yellow).

4 Gerard de Lairess&root Schilderboekjaarlem 1740, p. 357: ONu zullen wy tot de zaak treden en aanmerken wat
middelen Oer zyn om een regten Bloemschilder te worden; niet gelyk ze ons gemeenlyk voorkomen, maar gelyk ze
behooren te weezen om den naam van Meester te verdienen. Doch voor af onderstellen wy, dat men daar onmogelyk
toe kan geraaken zonder een vaste en naauwkeurige tekening, en een grondige kenrfferspect®f \Verders

dient Oer een goede weetenschap van de verwen by te weezen, te weeten die vast en bestendig zyn...O

5 Crispijn van de Pass&en Blom-Hof Utrecht 1614. Crispijn van de Passe, [Hortus floridué..darden of
flowers, Utrecht 1615.



engravings of flowers, if coloured in by hand later by the flower-lovers, either in water colour or
gouache, would be protected against the light. The instructions in the book would surely also
have been used by the flower painters - the artists who paintecfin oil.

Apart from the use, either adjacent to or over each other, of materials that do not
tolerate each other, and apart from the natural ageing process, colours can also be affected over
the course of time by incompetent restorations.

Many paintings were subjected to such OrestorationO quite soon after their origin and in
some cases this is documented. In old manuals on painting techniques one often encounters
passages that deal with the cleaning and repair of paintings. Up to the eighteenth century, it was
the painters and owners of paintings who undertook such reparations. All too often they were not
sufficiently aware of the materials that had originally been used or of the effect that their
cleaning agents could have on these materials.

A few examples of these cleaning agents may be cited here. In a chapter of his book
Graphice (1658) titted OHow to clean a grimy, or old oil paintingd Wiliam Sanderson
recommends that one use a sponge soaked in warm lbdwle John Smith in 1676, advises
scouring the surface with water and smalt. Since smalt consists of finely ground particles of
glass, this must have had much the same effect as using present-day kitchen scouring agents.
Smith did add that this process should not be repeated too often because it would necessarily
remove some of the paittdis concern is evident from the fact that in the second edition of his
book, published in 1687 and re-titlddhe art of painting in oyland in subsequent editions, he
omits the use of smalt for cleaning pictures. Smith had probably copied the recommendation
from the much earlieThe Excellency of the Pen and Penbif, Albrecht DYrer (1471-1528).
DYrerOs manuscript text was printed in London in 1668. A recommendation for cleaning

6 Sarah Murray and Karin Groen, OFour early Dutch flower paintings examined®, Hamilton Kerr Institute Bulletin
Number 2 (1994), pp. 6-20.

7 William SandersonGraphice: The use of the pen and pensil, or, the most excellent art of painting, in two parts
London 1658, p. 86:T® make clean a foul, or old Picture in OyMake clean thdicture with a spunge, dipt in
warm beer, and then let it dry; and afterwards wash it over with the liquor of the hitistdragon, steeped or
dissolved in water, which will set a glare or freshnesse upoRithere If you useblew starch or glare ofeggs, or

other such trash, as is very common, it will take offttbigghtning and spoil the grace of the work.O

8 John SmithThe art of paintingLondon 1676, p. 74. OBut if your Painting be more Curious, whether Figures of
Men, Beasts, Landskip, Frutage, Florage, or the like, thenSaladt, (a sandy Colour, to be bought at the Colour
Shops) with which and a spunge wet in water, let your Picture be gently scowred, and then cleanly washed off with
fair water: after it is well dry, let it be run over with Varnish, and you will find the beauty and lustre of your Picture
much recovered.O

° Op. cit., note 8, p. 75. Otoo frequent operations in this kind must needs wear off a little of the Colours.O



paintings which regularly recurs is that of wood-ash in water; BEfYreentions it and Smith
repeats it, with warnings. Smith was aware of the fact that this mixture - potash or potassium
carbonate - corresponds to a strongly alkaline solution; not only are some colorants bleached but
there is also the danger that the entire paint layer may be dissolved.

It is therefore hardly surprising that those who cleaned paintings came to realise, through
bitter experience, that a less haphazard approach was necessary. Nevertheless, it was not until
the end of the eighteenth century that the work of restoration was officially recognised as a trade
in its own right.

The absence of a Ogood knowledge
of pigmentsO and the lack of stable
paints have resulted in a great many
changes in paintings. During
investigation of Willem van AelstOs
Flower still-life with watchin the
Mauritshuis [1] it appeared that it
must have been the painterOs
intention from the outset to render
the leaves with at least a bluish
green. This is inferred from the
composition of the paint layers and
the way they are built up in those
parts of the leaves that are green,
where a transparent green layer with
verdigris was found above an
opaque - natural ultramarine -
blue!! The transparent layer works
as a glaze, which means that the
underlying blue layer plays a role in
the eventual colour effect. A
century earlier a green glaze was

mostly applied O_n _a yellow Qree”l. Willem van AelstFlower still-life with watch (oil on canvas), 1663,
underlayer, consisting of a mixtureMauritshuis, The Hague.

10 Albrecht DYrerThe Excellency of the Pen and Perlaiindon 1668, pp. 106-107. OTake your purest

white Wood-ashes you can get, and sift them very well in a fine lawn sieve; or else some Smalt, which is
as some call it Powder-blew, and with a fine Spunge and fair water wash the Picture you intend gently
over, but be sure you have a great care of the Shadows, for by the ignorance of many persons many good
Picture hath been abused...O

11 |yuk Struyck van der Loeff, Oop zoek naar de originele kleuren van van letstchrift 3, (1987),
pp. 112-114.



of a yellow and a green pigment.
With Van Aelst, the blue
underlayer was quite clearly not
originally green; neither yellow
pigments nor the discoloured
remains of such could be found.

Two similar flower still lifes
by Van Aelst (Ashmolean
Museum, Oxford) [2] were also
investigated. Parts of the foliage
in the Oxford paintings are just as
blue as the gentians, but with the
microscope the remnants of
green, brown-green and yellowish
glazes are found everywhere. In
some places, moreover, the paint
layers are so thin and abraded that
leaves can be seen through the
overlapping flowers [3]. Although
some paint layers become more
transparent with time as a result
of ageing, the current appearance
of the leaves is more probably

due to earlier cleanings.
2. Willem van AelstA vase of flowergoil on canvas),1663,
Ashmolean Museum, Oxford.

In the seventeenth century painters had difficulty obtaining a grass-green colour. Samuel van
Hoogstraten complained: OBut | wished that we could also have green, like red or yellow, as we
wanted it. Green eartff¢rra verd@ is too weak, and Spanish green is too hatdhéddeed, in

1692 W. Beurs remarked in He Groote Waereld in Ct klein geschildeeat he would pass over
green, since one could make it from blue and yelfa8imilar pronouncements had already been

12 samuel van Hoogstraetemleyding tot de hooge schoole der Schilderkonst: Anders de zichtbare Werelt.
Rotterdam 1678. Derde Hooftdeel. Van de Verwen, p. 221: ODe groene verwe verquikt de quaede oogen, zegt
Seneka; maer ik wenschte wel, dat wy zoo wel het groen, als het Rood of Geel, tot onzen wil hadden. Terra verde is

te zwak, en spaens groen te wreed, en dDassen tOonbestandig. Het berggroen is by ouden tijden tot het aensmeeren
van kladderyen gebruikt geweest. OtGroen beteykent jeugd, schoonheit, vreugd en onverdorvenheénasCpast

13 Wilhelm J.S. Beurs, SchildeBe Groote Waereld in Ot kleen geschildert, of schilderagtig tafereel van Os Weerelds
Schilderyen kostelijk vervat in Ses Boeken. Verklarende Hooftverwen, haare verscheide mengelinge in Oly, en der
zelver gebruikAmsterdam 1692, pp. 4-5: OT Groen slaanwe daar om over; om dat megeéiteniBlaauw
temperen kan.O



made by Karel van Mander in Hden grondt
der edel vrij schilder-constpublished in
16044, andTheodore de Mayerne in 1629.
As physician to King James | in London, De
Mayerne had come into contact with the
court painters.

Van de Passe repeatedly refers to a
green that does seem suitable for painting the
leaves and stems of plants: Mountain green
(berggroen. This was the name given to a
pigment made from the mineral malachite, a
basic copper carbonate, which was however
scarcely ever used in oil painting in the
seventeenth century. With Rembrandt, Jacob
van Ruysdael, Frans Hals, Pieter de Hoogh,
Albert Cuyp and many others B including
some of the flower painters B one still finds a
mixture of blue and yellow.

There were various possibilities for
making green from blue and yellow. For thg. detail of 2. Willem van Aels vase of flowers
green leaves in a flower still-life Jan
Brueghel chose a mixture of stable pigments:
the blue azurite, a basic copper carbonate, (crystallographically slightly different from malachite
and therefore differing in hue) and lead-tin yellow, a synthetic pigment produced from lead and
tin oxides. Balthasar van der Ast, on the other hand, in a flower still-life with shells mixed azurite
with an organic yellow dyestuff which, in order to render it suitable as a pigment, was
precipitated on alum. Cornelis de Heem used azurite and yellow ochre.

In the painting by Van der Ast the leaves are now bluish, but for a rather different reason
than in the case of Van Aelst. Identification of an organic yellow colorant in a painting is difficult
and often even impossible. Only the aluminium or alum basis can be demonstrated. The kind of
discolouration evident in the Van der Ast painting is comparable to that seen in carpets where the
yellow component disappears from the green.

Not only Cripijn van de Passe but also other seventeenth century writers mention the
obscureschietgeebr schjtgeel a dyestuff assumed to derive from an extract of the unripe berries
of Buckthorn. De Mayerne writes of it: OThis colour ... does not tolerate either light or rain; it is

14 R. Hoecker, Das Lehrgedicht des Karel van Mander, The Hague 1916, p. 282, Ch. XII, 42, OMeny en Spaens groen
wilt oock vry versaken.O

15 ThZodore Turquet de Mayerne, QPictoria, Sculptoria & qua subalternarum artium, 1620. Presented by M. Faidutti
and C. Versini, Lyon. Fol. 9, p. 22. OBeau Vert. Aschen et Masticot, fort clear. Aschen et Pinke, ombrage le susdict
vert.O



fugitive, it becomes white, it disappears.O It is made durable by applying a layer of varnish over
it. 16

The yellow colorants used in the seventeenth century were indeed highly sensitive not
only to light, but also to lye (alkaline solvents). Chemically these are flavonoids, in which the
chromophore b i.e. the part of the molecule responsible for its colour B is easily destroyed by
light. Recently conducted tests have shown that they have beautifully transparent, bright colours
shortly after their synthesis, but bleach with alarming rapidity and finally disappear. This process
is not reversible. The bleaching is strongest in transparent layers, especially where these are
applied to a light-coloured underpainting. In such cases, because the light is reflected back by the
light underlayer, the destructive effect is double.

For the colour of the leaves in the paintings in the Ashmolean Museum and the Mauritshuis, Van
Aelst used the OharshO Spanish green on ultramarine blue. Van de Passe seems not to avoid the
use of Spanish green and advises using it for instance for the asphodel, where Othe foliage tends
almost to blué® Spanish green is copper acetate, made by bringing copper plates into contact
with vinegar. The raw pigment created by this reaction was then re-crystalised, to be mixed with

oil. The chemical product of this process is a copper oleate. Theodore de Mayerne advises using
the deep green colour obtained only for the final glazes, for instance of the trees, as some
painters do, Osince it is the enemy of other colours, it kills theth allO.

Leonardo da Vinci also warns against the use of this green in mixtures, suspecting that
the paint would quickly turn bladR. As a lake it must be immediately protected by applying a
varnish over it or by mixing it with varnish. Varnish or resins are dissolved in organic solvents
such as alcohol. Earlier attempts at cleaning could thus very well have caused the partial
disappearance of the glaze.

If the glaze consists of Spanish green mixed with oil, under the microscope the pigment
can often be found unchanged, usually with a somewhat browned binding medium. During the
drying process, the binding medium (oil) is oxidised and partially degraded, among the products
of which are the chromophores that give the oil its brown colour. One sometimes finds it
recommended in manuscripts to put the painting in the sun, because this will reduce the

16 De Mayerne, op. cit., note 15. Fol. 11, p. 26. OcCeste couleur, non plus que la Lacque nOendure ny IQair ny la pluye,
se passe, se blanchit, sOen va.O

17Van de Pass&en Blom-Hof, op. cit., note 5, no 36.

18 De Mayerne, op. cit., note 15. Fol. 4, p. 14. OLQ verd de gris (dont on se sert seulement pour glacer) est tellement
ennemy des aultres couleurs quOil les tue toutesO, fol. 9, p. 22 OQuelques-uns glacent leur beaux arbres avec le verd
de gris, mais nOoubliZs pas dOy mettre le vernis.O

19 Leonardo da Vinci, The literary works of Leonardo da Vinci compiled and edited from the original manuscript by
Jean Paul Richterin two volumes, London 1970, part I, p. 361. OVerdigris with aloes, or gall or turmeric, makes a
fine green, and so it does with saffron or burnt orpiment; but | doubt whether in a short time they will not turn
black.O



darkening. Ostensibly this would seem a good solution, but this is actually not such good advice,
for what happens here is that the chromophores are further degraded by the sun.

If the oil has darkened, this has usually happened throughout the entire paint layer. With
copper resinate, because it is often only the upper side of the paintlayer - which is most exposed
to light - that has become brown, sunlight is the most obvious suspected cause. The theoretical
explanation (in the field of conservation) for the darkening of copper resinate used to be that the
disruptive action of sunlight on the bonding between the copper and the resin caused the copper
oxide to be formed. This process would begin on the upper surface of the painting, Given that
copper oxide is not transparent, it then acts as a protective layer, resisting the further destructive
effects of light. Of course, when looking at a painting it is this surface that one sees, but even if
one considers removing the darkened surface layer B against all the rules of the restorerOs
profession, in any case b this would be pointless, since the newly exposed surface would once
again become brown. However, not only is the process more complicated than this, the darkening
may also have a different origins (see the article on the discolouration of green paint in this
thesis).

The small paintindA dead hareby Peeter Snyers also displays the partial abrasion of a
copper glaze [4, 5]. Because Snyers had mixed orpiment (arsenic sulphide) with the ultramarine
in the underlayer, the discolouration of green to blue is less marked here than with Van Aelst.

Although passages painted in ultramarine sometimes look rather grey as a result of
discolouration B specifically known as the Oultramarine diseaseO P this is not the case with Van
AelstOs underpainting for the leaves. The pigment was normally used only for the glazes, the
reason being that it was too expensive to apply it in the whole paint layer, and because of its low
refractive index (n = 1.50) it was particularly suitable for use in glazes which were executed in
either oil or water binding media on an underpainting of smalt and indigo. The disadvantage of
this procedure was that after some time the glaze took on a green appearance as a result of the
yellowing of the oil used as binding medium. The blue then discolours to green rather than green
to blue as in the painting by Van Aelst. The painters were familiar with this phenomenon and De
Mayerne actually recommended using egg white or fish glue, strewn on the dry pigment, instead
of mixing it with oil. 20

Smalt is another pigment that played a significant role in the discolouration of blue
passages. Smalt was made by crushing blue-coloured glass. The blue in the glass is due to cobalt
oxide, which was added to molten glass. Very little cobalt is needed to give the glass a deep blue
colour, which has to do with cobaltOs position in the periodic table of the elements.

20 De Mayerne, op. cit. note 15. Fol. 150, p. 146 O....poudrZs dOAzur ou de gros Esmail, mais principalement belle
Cendre dOAzur. LaissZs seicher, et en soufflant ou avec le pied de lievre, abbattZs tout ce qui nOets pas adhZrent,
PassZs par dessus du blanc dOoeuf, ou de IOIcthyocolle ou quelquune de nos colles susdites avec le pinceau. LaissZs
seicher, et puis couvrZs dOun vernix fort siccatif.O



If the pigment is ground very
fine it is often difficult to discern
whether one is looking at
discoloured smalt or glass that was
colourless in the first place. Finely
ground smalt has little colour to
begin with and because, like
ultramarine, it has a low refractive
index, in oil the colour disappears
entirely. As with ultramarine, after
some time the paint layer becomes
greenish or brown as a result of
the discolouring of the oil. In
addition, with coarser ground
smalt, the larger pigment particles
can sink into the oil.

Despite the fact that painters
in the seventeenth century were
aware of these disadvantages, and
were specifically warned against
them (do not pulverise the
pigment too finely, do not use too
much binding medium etc.) smalt
was very widely used. It was a
fairly cheap colouring agent,
produced in the Netherlands in

4. Peeter Snyers, A dead hg@l on copper), c. 1650, Fitzwilliam the seventeenth century on a large
Museum, Cambridge. scale for sale both at home and
abroad.

Indigo, extracted from plants of the gerndigofera, is another blue colorant that is not
entirely colourfast. Although it is a vegetative dyestuff, it is also a pigment P in the sense of the
word as used in the art of painting, i.e. it is insoluble in water and does not need first to be
precipitated on an insoluble base, as is the case with most other dyestuffs. It can be mixed
directly with oil. For its use in the textile dyeing industry it must first be rendered soluble by
converting it to the yellowish leuco-indigo, and then oxidizing this to the blue indigo once it has
bonded with the fibre. Indigo can bleach if it is exposed to the light, but the OdiscolourationO of
textiles dyed with indigo is for the most part due to the wearing away of the thin layers on the
fibres. In paintings one would not expect that kind of wear; when passages where indigo has
been used have bleached this must therefore be the result of exposure to light. This
discolouration occurs less rapidly than with most other organic colouring agents; the yellow
component disappears from the green, but the blue remains b partially at least.



On the other hand we know that this sort of discolouration has to do with the light and
with the ambient circumstances of the colouring agent. This means not only the atmospheric
conditions but also its more immediate relation to the fibres in textiles or, in the case of
paintings, the binding medium and other pigments. Bleaching is a photochemical process, a
change in the structure of the molecules caused by the energy of light.

At the beginning of the eighteenth century a
new blue pigment was discovered in Berlin. In
1710 this was recommended as an absolutely
durable pigment in both oil- and water-based
paints, together with an account of the
shortcomings of all the hitherto available
blues. The process of its manufacture was kept
secret until 1724, when permission was finally
given for the recipe to be published in the
OPhilosophical TransactionsO of the Royal
Society?! It was not long before several firms
were producing this OPrussian blue® or
OGerman blued as it was known, in different
countries. It has such an intense colour it was
said that if a bag of Prussian blue split open a
personOs fingers and clothes would also be
painted blue. The blue is in fact ferric
ferrocyanide, originally produced by chance
during an attempt to make a completely
different product. It is the first of a long series
of modern synthetic pigments. Jacob van
Huysum made grateful use of the newly
discovered blue, but mixed it with a yellow
that has since lost its colour. The result can be
seen in a flower still-life in the Fitzwilliam
Museum, Cambridge [6]. The discovery of
stable green pigments toward the end of the
eighteenth century also arrived too late for
him. The flower painter Jan van Os mixed
Prussian blue with the more stable orpiment,
the result of which is that his leaves have

remained green to this day.
9 y 5. detail of 4. Peeter Snyesdead hare.

21 J. WoodwardPraeparatio coerulei Prussiaci es Germanica migsaPhilosophical Transactiond.ondon, 33,
1726.



In all those cases of discolouration and earlier scourings that cannot be undone, the
question arises as to whether a painting has to be exhibited in this state. When a minor
retouching of the image gives it a greater unity, this may occasionally be the preferred option.
But this kind of overpainting is carried out in such a way that it is reversible, i.e. the intervention
can subsequently be undone. More usually, however, where the discolouration affects large parts
of the painting, the decision is to leave it. Even if we knew exactly what the painterOs original
intention was, those who nowadays restore the paintings in public collections would still not try
to retrieve the original colour, for the result of that would be a modern painting.
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Part IlI

Study of painting techniques
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