Berliner Beiträge
zur
Archäometrie, Kunsttechnologie
und Konservierungswissenschaft

24/2016

Berliner Beiträge
zur
Archäometrie, Kunsttechnologie
und Konservierungswissenschaft
Band 24
Berlin 2016

Herausgeberin:
Dr. habil. Ina Reiche
Rathgen-Forschungslabor, Staatliche Museen zu Berlin –
Preußischer Kulturbesitz
Schloßstraße 1a
14059 Berlin

Redaktionsassistentin:
Sabrina Buchhorn
Rathgen-Forschungslabor, Staatliche Museen zu Berlin –
Preußischer Kulturbesitz

© 2016 Staatliche Museen zu Berlin –
Preußischer Kulturbesitz

www.smb.museum

Herstellung:
Ruksaldruck GmbH und Co. KG Repro plus Offset
Lankwitzer Straße 35
12107 Berlin
Printed in Germany

Titelbild: Bemalung einer Museumsreplik der Nofretete © Staatliche Museen zu Berlin,
Gipsformerei / Foto: Jürgen Hohmuth; NCS Farbkreis ©dtp studio oldenburg

ISSN: 0344-5089

Inhalt
Vom Original zum Malmodell: Die Bemalung der neuen Replik der Nofretete-Büste der Gipsformerei,
Staatliche Museen zu Berlin
THOMAS SCHELPER et al.

9

Seriation und Clusteranalyse von Objekten mit binären Merkmalen,
erläutert am Beispiel von Götterdarstellungen des Löwentempels von Musawwarat es Sufra (Sudan)
HANS-GEORG BARTEL und HANS-JOACHIM MUCHA

21

First physico-chemical in situ investigations on the Lienzo Seler II of Coixtlahuaca
SILVIA MARTEN et al.

39

In situ scientific analyses of the leather wall hanging “Ilha Formosa”
CRISTINA LOPES AIBÉO et al.

55

Zur Maltechnik von Otto Freundlich (1878-1943).
Maltechnische und materialanalytische Untersuchungen am Beispiel des Spätwerks
VERENA FRANKEN et al.

69

Micro-fading testing on modern ink based pens and contemporary drawings
from the Kupferstichkabinett Berlin
CARLOS MORALES-MERINO et al.

89

Die Skulpturen des Triumphkreuzes der Naumburger Moritzkirche –
Untersuchungen zur Restaurierungsgeschichte und Kunsttechnologie, Teil 2
DIETER KÖCHER

103

An incense holder decorated with émail champlevé: a non-invasive
multi-technical micro-analytical study
GAIA FENOGLIO et al.

129

Goldschmiedetechnische und materialanalytische Untersuchungen
des sogenannten „Giselaschmucks“
JOCHEM WOLTERS

141

MARTEN et al. In situ investigations on Lienzo Seler II

First physico-chemical in situ investigations on the
Lienzo Seler II of Coixtlahuaca
Silvia Marten1, Ina Reiche1, Mónica Pacheco Silva2, Carlos Morales-Merino1,
Cristina Lopes Aibéo1, Sabine Schwerdtfeger1
1
2

Rathgen-Forschungslabor, Staatliche Museen zu Berlin – Preußischer Kulturbesitz
FU-Berlin, LAI (Lateinamerikanisches Institut), BerGSAS (Berliner Graduate School of Ancient Studies), Exzellenz Cluster Topoi

Abstract
On the occasion of the move of the Ethnologisches Museum in Berlin (EM) to the Humboldt-Forum, the “Lienzo Seler II” glass
showcase at the Bornemann-Saal was open for the first time after nearly forty five years, providing a unique opportunity to analyse
the early colonial manuscript for the very first time.
In this paper the results of the first physico-chemical in situ investigations using portable analytical methods are summarized. The
analyses aimed at discovering the used colouring materials in the drawing and in the scripts as well as assessing its present conservation state to conceive a preventive conservation plan considering the possible changes caused by light, indoor air pollutants and
climate. To avoid any stress or damage to the Lienzo during the measurements special non- and micro-invasive methods have been
applied with the challenge to get an overview about the huge object of nearly 16 m2 with limited access.
The long term goal of this first study is to come up with an extended and special adapted analysis campaign based on the presented results to expand and complete the material analysis of the Lienzo Seler II. With the future results it is planned to compare all the
multidisciplinary analysis data with other early colonial manuscripts like the Coixthlahuaca Lienzo I with special interest in colour
pigments used to decorate the pictorial manuscripts.

1 Introduction
The upcoming transfer of the Lienzo Seler II to the new
“Humboldt-Forum” in the rebuilt Berlin city palace offered
the scientists of the Rathgen-Forschungslabor (RF) the first
and exclusive possibility to analyse the Lienzo in situ at the
Ethnologisches Museum (EM) in Berlin with different mobile non-invasive and micro-invasive analysis techniques.
1.1 Description and historical significance of the Lienzo
Coixtlahuaca II (Lienzo Seler II)
Eduard Seler, considered the leading founder of the Mesoamerican studies in Germany, brought to Berlin in 1897 (König 1984) a cotton cloth map or Lienzo from one of the most
important cultural areas in Postclassic Mesoamerica (9001521 A.D.). Mesoamerica, an area that today corresponds
roughly to the territory of Mexico, Guatemala, Belize, Honduras and El Salvador was the cradle for the flourishment
of several indigenous cultures throughout a period of 3,000
years, sharing common traits that united them as a cultural
area (Pohl 2005). In the late 19th and beginning of the 20th
century, many European museums and private collectors
got interested in the Mesoamerican cultures and travelled to
America to collect and enrich their collections (König 2007).
Germany was not the exception and today it has one of the
largest Mesoamerican collections outside of Mesoamerica.
The Lienzo, fixed since its last restoration between 1969 and
1971 to a mixed-linen background, has been for the past 45

years part of the permanent Mesoamerican exhibition in the
museum.
The Lienzo Seler II or Coixtlahuaca II, as the Lienzo is also
known today, is made of 8 different cotton-cloth bands sewn
together, each approximately 60 cm wide and made by the
indigenous technique of blackstrap loom, measuring in total
375 x 425 cm2. The Lienzo is part of a group of manuscripts
known for the Valley of Coixtlahuaca, in the Northwestern
part of the modern state of Oaxaca, Mexico. Its creation is
attributed to the cacicazgo or prehispanic state of Coixtlahuaca, a multiethnic region where Chochos and Mixtecs lived
and shared the territory. The document resembling a map
is more the cartographic history of the origins of its people,
their migration and the final arrival and settlement in the Valley. The Lienzo covering a time span from the beginnings of
the Postclassic to the time of the conquest in the 16th century
recounts the story from the town’s foundation, the lineages
of different cacicazgos linked to it, the wars wedged and the
Spanish presence in the area. Considering the different elements, events and characters portrayed, together with the historical context for the area, the document can be dated to the
first half of the 16th century (König 1984, Doesburg 2003).
A multilevel document, the Lienzo records politic and
territorial information as well as geographic and historical
details linked to the landscape of the Valley. Painted predominantly in a prehispanic manner with the pictographic

39

MARTEN et al. In situ investigations on Lienzo Seler II

writing known for the area that enabled its reading independently of the observer’s language, it incorporates details and
representations that convey a European style as well.
A unique document of massive dimensions and rich in
information, it was most probably created for rather an indigenous public by the elite group of the area, maybe as a
reminder of the greatness of the cacicazgo or as an updated
historical record, in all, its complexity and nature still poses a
challenge to its complete understanding.
1.2 Investigation strategy
Since the 1970´s the Lienzo Seler II had been displayed in
a glass showcase and was never opened. The RF started in
April 2016 for the very first time a pre-analysis in situ campaign with extensive physico-chemical investigations as well as
conservation studies. Measurements on the preservation conditions are essential in order to recommend the most appropriate standards to preserve and exhibit the Lienzo Seler II in
its future location. Indoor air climate characterisation in the
glass showcase, via analysis of emission behaviour of used
support linen material, corrosion indicator plates and passive sampling should give a first overview of the composition
of volatile organic compounds (VOC). The influence of light
can be measured via micro fading investigations (MFT) and
are highly recommendable in modern conservation studies to
assess possible light-induced alteration mechanisms leading
to the colour change of the pigments and colorants. Complementary material analysis methods should help to identify
pigments and colorants and thus compare the results with
paint´s descriptions in historical sources in order to attempt a
matching between the chemical analysis results and the list of
potential colouring materials.
The aims of the extensive analysis strategy should cover two
category groups. First, measurements were carried out on the
Lienzo Seler II to characterize the chemical composition of the
constituent and painting materials. The second focus of the investigations is devoted to the present conservation conditions of the
object e.g. state of preservation of its materials, exposure to light,
air and climate in the museum environment.
The in situ investigation of the Lienzo Seler II is limited by
some factors: first of all the object can’t be moved outside the
glass showcase. Therefore, the RF applied a strategy of investigation with portable analysis equipment to the textile manuscript.
Secondly, all analysis should be conducted without sampling
and visible damage on the object, so that only non-invasive or
minimal-invasive analysis methods could be applied. The size of
the object and the spatial limitations of the portable measurement
equipment limited the investigation area to the lower part of the
Lienzo Seler II and posed the third challenge within this project.

2 Methods
The RF analysis campaign for the study of the constituting
material was specifically designed to combine portable com-
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plementary analysis techniques and investigation methods
with complementary kinds of information.
2.1 Microscopy
Digital microscopic investigations allowing the identification
of best-suited analytical areas for pigments and dye analyses
as well as for the measurements of the preservation state and
are the most useful starting point for such kind of analysis
campaign. For the microscopic study, the digital microscope
Keyence VHX-500FD with a VH-Z00R objective (5x – 50x)
or a VH-Z20 objective (20x – 200x) was used. Pictures were
taken with a definition of (1600 x 1200) pixels.
2.2 Micro-X-ray fluorescence analyses
The application of non-invasive micro-X-ray fluorescence
analyses (micro-XRF) was followed to analyse the constituting chemical elements in the drawing and scripts to infer the
applied inorganic pigments. The in situ chemical element analysis was carried out using the portable ArtTAX Pro microXRF spectrometer (Bruker). Elements from sodium to uranium can be detected. For a sensitive detection of the so called
light elements a constant flow of helium gas is used to avoid
adsorption of the fluorescent X-rays by air. The measurement
spot has only a diameter of about 0.1 mm, recommendable to
study small details on the object. The earlier microscopic studies guided us to find areas on the lower part of the object with
the strongest colouring and most pigment amounts on the fibres. Micro-XRF measurements were divided by colours but
also by the figures themselves.
2.3 Micro-Ramanspectroscopy
Micro-Raman spectroscopy was also performed but no meaningful spectrum was obtained. The applied Raman-microscope was optimised for in situ measurements but, nevertheless, this set-up does not provide the same capabilities
in terms of sensitivity and sample selection as a classical
set-up under the microscope. To focus on the 1 µm spot, it
is necessary to move the whole instrument. On the contrary,
when a sample is collected, it can be easily placed under the
microscope and the best analytical spot chosen by moving
the sample with the motorised sample holder. Considering
that the quantity of pigment left is scarce; that the Raman
signal is per se very weak and that the set-up has its limitations, it is reasonable that no pigment could be identified via
Raman technique.
2.4 Micro-fading spectrometry and visible reflectance
spectroscopy
Micro-fading spectrometry (MFT): An Oriel® Fading Test
System (model 80190) with a modified probe head improved
by an endoscope was used. The samples are first irradiated
within an area of approximately 0.4 mm diameter with light
from a 75-Watt xenon arc lamp. The MFT continuously
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measures the reflectance spectrum in a spectral range that
extends from 400 to 740 nm. The reflection spectra are taken
at 45° and are recorded with a photodiode array detector
(control development, model PDA-512). The reflected light
is measured continuously with an integration time of 4 ms
obtaining a reflectance spectrum every 30 seconds. Each measurement consists of 60 reflectance spectra. From these spectra the colour values in the CIELab colour space are obtained
and the colour change ∆E00 is determined. The rate of colour
change can then be compared to the performance of fading
ISO blue wool reference standards (BW) to describe the lightfastness of the colouring material. The blue wool standards
consist of eight dyed wool samples designed to fade in a controlled modus (BW1-BW8). BW1 has the highest light sensitivity and BW8 the lowest.
Visible (Vis) reflectance spectroscopy: The samples were irradiated with light from a 75 W Xenon arc lamp. The focused
light travels through a sequence of filters blocking IR and UV
radiation and is guided by a fibre optic to the beam probe. The
diffuse reflected light is then directed to the diode array spectrometer (Control development PDA 512). The spectra were
recorded over the range of 400-740 nm. Measurements were
taken against a Spectralon 99% diffuse reflectance standard.
Due to the strong faded colours it was not possible to identify pigments in the visible range by reflectance spectroscopy.
Therefore only the MFT results can be presented here.
2.5 Corrosion indicators
The Lienzo Seler II is presented in a glass showcase
located on linen material, which is clamped on a wooden
rear panel. It is known that wooden material is emitting
a lot of VOC´s, especially formic and acetic acid due to
decomposition processes (Wilke et al., 2012). In case
of corrosion tracer the Oddy test needs to be adapted to
our purpose (Robinett et al., 2003; Banik et al., 2013). In
order to get a first overview about the emission conditions
in the glass showcase of the Lienzo Seler II three metal
indicators were directly placed in the glass showcase at
two different ground positions for a time period of four
weeks knowing that the chamber volume, humidity and
the temperatures are significant different comparing to the
original accelerated Oddy procedure. Due to the special
circumstances for opening the glass showcase it was not
possible to determine the air exchange ratio. Thus, the
results of the corrosion indicators can only give an indication and are interpreted individually.
2.6 Passive sampling
The passive sampling of VOC’s placed directly in the
glass showcase for a given timespan will allow to gather organic acid emissions from the material present in
the glass showcase. For this purpose small plastic tubes
(diffusion tubes, Gradko, UK), closed on both ends with

rubber caps were prepared as follows: at one end of the tubes a grid is placed, which is impregnated with a solution
of 5.6 g KOH and 10 ml ethylene glycol dimethyl ether
in dist. water. With this solution 40 µl are impregnated
on the grid. The tubes were opened at the other side once
it is placed in the showcase and was left there for four
weeks. After this time, the cap and the grid, as well as the
paper filter are rinsed with eluate solution (0.5 mmol/l
sulphuric acid) and taken up to 5 ml. The resulting solution is analysed with ion chromatography (IC) for the
quantification of volatile organic acids, like formic and
acetic acid. In summary, seven passive sampling tubes
were analysed via fluid extraction and IC separation. Two
passive sampling points in the case ground were chosen
and via double sampling (with and without cap to calculate the blank) analysed. The seventh sample is for the
determination of the method blank in the RF lab. With the
applied methodology the levels of formic acid and acetic
acid can be studied (Hodgkin et al., 2012).
2.7 Oddy test
Additionally the original linen material (“Klötzeleinen”)
to fix the Lienzo Seler II was analysed according to the
original Oddy test (Robinett et al., 2003). This test is an
accelerated corrosion test in which contaminants from
material emission induce corrosion in three purified indicator metals (silver, copper and lead) exclusively via
the defined volume of a gas phase, at a relative humidity
of 100 %. The indicator metals should be evaluated after
a treatment period of 28 days at 100 % relative humidity
and 60 °C in a defined chamber. Corrosion of the three
test metals, silver, copper and lead, is in most cases due
to volatile organic compounds offgassing from tested
materials: sulphur compounds or other volatile sulphides
in the case of silver, chloride and oxides like acetic acid
in the case of copper and volatile organic acids and
aldehydes in the case of lead. The interpretation of the
results is subjective due to its visual determination.

3 Results of physico-chemical investigations
Despite the great versatility of the portable instruments, it
was not possible to analyse the whole Lienzo Seler II. The
wall hanging is sewed to another modern fabric support
which, in its turn, is fixed to a wooden frame inside the
showcase to the wall. It was therefore impossible to
move or even turn the Lienzo upside-down and the only
area, which could be investigated was the lower part.
The zone was different for each instrument because of
different set-up mountings.
3.1 Microscopy
Microscopic investigations are a very important first step to
characterize the status of an object and were carried out on
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more than eighty spots (Fig. 1). The Lienzo Seler II consists
of eight vertical cotton panels sewed together. The most important observations are described hereafter.
The microscopic pictures show a defined structure of the
weaving pattern for the original cotton panels. Different
thread sizes, weaving qualities and the arrangement of
the cotton thread linking can be clearly recognized under
the microscope. The uniforms weaving pattern structure
of the underlying modern cloth is typical for industrial
produced textile materials and in accentuated contrast to
the handcraft of the Lienzo Seler II (Fig. 2).
The systematic investigation of different colour areas
is a common starting point for object investigation
with following material analysis. The Lienzo Seler II
is decorated with a rather limited range of colours, in
detail red, pink, blue, brown, black, grey and yellow
colour areas are observed. Some of them have several
colour hues, certain colours are strongly faded and some
drawings already vanished. Starting with most intensive
black colour it occurs in some spots intensive black
and in other spots it seems to be more faded and looks

like a grey colour. An example can be seen in Fig. 3
and Fig. 4. It is remarkable that there only exist a few
really grey colour ranges in the lower part of the Lienzo
Seler II and the difference to the faded black can be clearly
recognized (Fig. 5).
The brown areas also differ in colouring. A subdivision in
a more reddish brown colour (Fig. 6) and a greyish brown
(Fig. 7) can be made.
Some of the investigated red colour areas are mixed with
black (Fig. 8). There are only a few areas of pure red colour.
Besides red, pink-coloured areas can also be found and
are interesting for further colour investigations to analyse
the applied colour pigments. The colorant used for the pink
hues might be the same used for the red areas (but diluted)
or a completely different one. The pink colour applied in
spot 36 is a representation of a rock (Fig. 9), and the colour
that they tried to achieve was surely red or red-brown like
in the Pot Mountain.
Further investigations should also clarify why the
yellow coloured ranges of the Lienzo differ and appear in
some areas more brownish or golden (Fig. 10).

Fig. 1: Microscopic investigated spots (red marked circles) of the Lienzo Seler II.
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Blue coloured areas of the Lienzo can be clearly
distinguished although they are all strongly faded (Fig. 12).
Glosses and drawings, supposedly later additions,
appear in the Lienzo and where also microscopically
investigated (Fig. 13 and Fig. 14). These represent Spanish
priests and probably salt fields and granaries.
As explained only the lower part of Lienzo Seler II
could be microscopic investigated. To recognize other
differences in text types and drawings the whole object
needs to be further investigated. Additional observation
under the microscope revealed fibres having portions of
glue and perhaps traces of seams (see Fig. 15).
Fig. 2: Microscopic picture of cotton cross over at spot 82,
(according to Fig. 1) 5x.

Fig. 3: Digital microscope pictures of a black colour ranges at spot 1 (according to Fig. 1), left 5x; right 50x.

Fig. 4: Digital microscope pictures of a light black colour ranges at spot 2 (according to Fig. 1), left 5x; right 50x.

Fig. 5: Digital microscope pictures of a grey colour ranges at spot 26 (according to Fig. 1), left 5x; right 50x.
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Fig. 6: Digital microscope pictures of a reddish brown colour ranges at spot 3 (according to Fig. 1), left 5x; right 50x.

Fig. 7: Digital microscope pictures of greyish brown colour ranges at spots 72 and 4 (according to Fig. 1), 5x.

Fig. 8: Digital microscope pictures of red colour ranges at spot 6 (according to Fig. 1), left 5x; right 50x.

Fig. 9: Digital microscope pictures of pink colour ranges at spot 36 (according to Fig. 1), left 5x;
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Fig. 10: Digital microscope pictures of yellow colour ranges at spot 10 (according to Fig. 1), left 5x; right 50x.

Fig. 11: Digital microscope pictures of yellow colour ranges at spot 21 (according to Fig. 1), left 5x; right 50x.

Fig. 12: Digital microscope pictures of blue colour ranges at spot 7 (according to Fig. 1), left 5x; right 50x.

Fig. 13: Digital microscope pictures of a Spanish priest at spot 64 (according to Fig. 1), left 5x; right 50x.
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Fig. 14: Digital microscope pictures of a gloss at spot 15 (according to Fig. 1), left 5x; right 50x.

Fig. 15: Digital microscope pictures of glue at spot 32 (according to Fig. 1), left 5x; right 50x.

3.2 Micro-X-ray fluorescence spectroscopy
The micro-XRF measurements followed the microscopic investigations to clarify the elemental composition,
mainly of the colours. Despite the great versatility of the
micro-XRF instrument, it was not possible to reach all areas.
Due to the limitation in height of the portable and flexible
measurement construction for the micro-XRF technique nearly sixty spots in the lower part of the object were accessible
(Fig. 16 and Fig. 17).
The micro-XRF elemental analysis of the cotton cloth on
different parts of the Lienzo shows similar composition: it is
mainly constituted by calcium, iron, zinc, sulphur and strontium
(Fig. 18). The modern support material shows a similar
element composition but in less concentration comparing to
the original Lienzo cotton fabric.
The results of all elemental analysis are summarized in
Tab. 1. The evaluation of the elemental results was made
by correlating and comparing each spot to the cotton background of the Lienzo. Some stains, which sometimes look
like rust and sometimes just like brown colour use in the
drawing, were also measured.
Black
For most of the analysed black spots, no characteristic element
could be identified, suggesting the use of carbon black, which
cannot be identified by means of micro-XRF. An attempt was
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made to distinguish glosses from the drawings. Elemental
traces of lead were identified in the glosses in spots 24 and 28
but not in the drawings themselves. So it can be concluded that
not the same black ink was used to write and draw, although
the traces of lead per se are not enough to identify the ink.
On spot 47, on one footpath on the right side of Lienzo,
a high concentration of zinc and potassium were measured.
Since this is the only spot where these elements were found
and since they do not correspond to any common black
pigment, further analyses of this area would be required to
draw accurate conclusions. Spot 46 showed a significant

Fig. 16: In-situ µ-XRF measurements in front of the Lienzo.
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amount of iron and some copper. It is likely an iron gall ink
eventually mixed with reddish brown copper (II) oxide
(cuprite). Nevertheless, spot 46 lies in the extremely damaged right edge of the Lienzo Seler II and it is not clear if it is
original or dirt.
Brown, Red, Pink and Yellow
Regarding their chemical element composition, these
four colours can be grouped together. In most of the spots
iron was found, sometimes mixed with variable amounts
of arsenic (Fig. 19). Considering their colours, it is likely
that earth pigments (rich in iron, like ochre) and orpiment
or realgar (both contain arsenic) were used.
Nevertheless, organic dyes must also be present since in
many cases no chemical element was identified by micro-XRF.
Spot 45, close to the black spot 46 in the damaged area,
shows even more copper than the black spot and its interpretation is similar.
Blue
No chemical element could be identified in the extremely
faded blue areas. One explanation might be that the pre-

sence of an inorganic pigment is below the detection limit
of the instrument but the presence of an organic pigment
(such as indigo) or a dye is also likely. Indigo can be identified by means of Raman spectroscopy, but considering
the intensity of the blue colour in the Lienzo and the low
response of this organic pigment to Raman spectroscopy,
a positive identification by means of this technique is
rather unlikely.
3.3 Indoor air pollution characterization via corrosion
indicators plates and passive sampling
Corrosion indicator plates were applied to validate the indoor
air pollution situation in the glass showcase (Fig. 21). The
optical evaluation via microscope and the determination of
weight differences of the corrosion indicator plates at two
ground positions in the glass showcase showed nor crystallization effects or other transformation of the metal surface.
From the first impression it seems that there are no significant
air pollutants inside of the glass showcase. One reason could be
the quite high showcase volume (~ 5 m3). Due to not available equipment we could not determine the air exchange rate.
Concerning the indoor room conditions at the Bornemann-

Fig. 17: Measurement points of µ-XRF spots (red marked circles).
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Fig. 18: Overlay of the µ-XRF background measurement spots 2, 7, 19 and 22 (modern fabric, yellow).

Tab. 1: Summary table of the results of the micro-XRF measurements.

Chemical elements present*
Area

Background

Description with related spots
Ca

Fe

K

Zn

S

Cl

Sr

Original cotton: 2, 7, 19

X

X

X

x

x

x

x

Modern support: 22

x

x

x

x

Footpath: 47

Pb

Cu

preparation
layer
-

Glosses in Spanish priests:
24, 28
Damaged right border: 46

As

(x)

X

Pb ink

x
X

X

Inter-pretation

(x)

x

Fe ink gall +
Cu oxide
K + Zn ink

Black
Jaguar Fur: 1
Border toponyms: 5, 8
Mountain of the Knotted
Feathered Serpents: 21
Spanish priests: 25, 26, 27, 28, 32
The Seven Caves-Place: 37
Head of men in Agave Place: 42

48

no elements detected

organic dyes
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Fortsetzung Tab. 1

Brown

Border toponym: 3
Man’s head: 44
Ruling couple: 51
Pot mountain: 56
Women’s head: 53 (only traces)

X

Frog: 11
Mountain of the Knotted Feathered Serpents: 20
Ruling couple: 48
Flint Mountain: 14 (less)
Border toponym: 43 (less)

X

Damaged right border: 45

X

Black line: 23
Men’s head: 33,
Quetzal Feathers: 41
Border toponym: 43

Red

Border toponym: 35

Pink

Yellow

Blue

Brown
Stains

X

The Seven Caves-place: 39

X

Border toponym: 6
Flint Mountain: 13
Mountain of the Knotted Feathered Serpents: 18
River: 34

Fe ink gall +
Cu oxide

organic dyes

(x)

earths +
orpiment or
realgar

(x)

earths +
orpiment or
realgar

no elements detected
X

Woman: 16
Ruling couple: 29, 30, 31
The Seven Caves-place: 38
Quetzal Feathers: 40
Jaguar Fur: 55
Snake on women’s head: 58, 59

X

no elements detected

Mountain of the Knotted Feathered Serpents: 17, 57

organic dyes
ochre

(x)

earths +
orpiment or
realgar

no elements detected

organic dyes

no elements detected

organic colour
(ex. Indigo,
Maya blue)

49
36, 9

„Rust“

X

Border toponym: 4
Ruling couple: 52

earths

no elements (eventually some iron) detected

Pot mountain: 15
Christian Spanish Church: 50
Jaguar Fur: 54

earths +
orpiment or
realgar

X

X
no elements detected

12

X

X

earths +
orpiment or
realgar
iron oxide

* Concentration: X – high; x – medium; (x) – traces
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Fig. 19: Overlay of the µ-XRF measurement spot 2 (background) and brown spots (3, 44, 51, 56).

Saal the relative humidity was constantly at 50% and the
room temperature was at 20°C. Further compound specific
indoor air emissions were analysed with passive sampling.
Two passive sampling points in the glass showcase were
chosen and via double sampling analysed (Fig. 21). The following Tab. 2 will summarize the calculated results.
Acetic and formic acids were measured in all samples
with significant higher acetic acid levels in areas for the real
samples 1a, 1b, 2a and 2b. The concentration range of the
samples is typical for wood material emissions as decomposition products but especially for acetic acid above the
odour threshold level of 400 µg/m3 (Hodgson et al., 2003).
Recommended concentrations of acetic and formic acids
for sensitive collections are less than 100 µg/m3 (RisholmSundman et al., 1998, Tétreault et al., 1997, Jann et al., 2000).
The fact that the acid concentrations within the glass showcase were higher than in the surrounding environment and
blank samples indicates that the wood plate and the linen
within the glass case could be a main source of acetic and
formic acid contamination. Further investigations concerning
the indoor air climate should clarify the sources of the high
amounts of organic acids and in terms of conservation finally
what kind of replacement material can be used.
3.4 Oddy test of the linen basis material
Currently, the Lienzo Seler II has been fixed on linen material in the vertical orientation in the 1970´s. The original linen
material was also investigated for the first time concerning
material emissions time according to the established Oddy
test at the RF. The analysis yielded in no significant corro-
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sion of the copper metal plate but a slightly corrosion on
the silver plate and a significant corrosion on the lead metal
plate (Fig. 22). Obviously, the used linen material seems to
be critical and is not recommendable in terms of emission
of volatile organic compounds according to the Oddy test.
3.5 Vis spectroscopy and micro-fading spectroscopy results
Reflectance spectra of 21 locations were obtained. A selection
of the different colours is shown in Fig. 22. In two of these locations, the painting surface without any colour was measured.
Due to the strong faded colours it was not possible to identify
pigments in the visible range by reflectance spectroscopy.
The changes in colour are determined as ∆E00 by MFT
and compared with blue wool standards (BW). A significant
∆E00 value indicates a high light sensitivity of the area. The

Fig. 20: Indoor air sampling via corrosion metal plates and
passive sampling in the glass showcase of the Lienzo Seler II.
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Tab. 2: Results of the passive sampling in the glass showcase.

Formic acid [µg/m3]

Acetic acid [µg/m3]

1a

277

1113

1b

366

1172

1 c (sampling blank)

94

143

2a

259

649

2b

469

1095

2 c (sampling blank)

59

30

RF method blank

64

43

Fig. 21: Corrosion indicator plates at the beginning (left) of the Oddy test period for analysing the linen material and at the end
(top right) with a zoom of the lead plate (bottom right), a silver, b copper, c lead.

areas with blue, brown and red colours show the highest
∆E00 values and therefore highest light sensitivity compared
to the other colours (Fig. 24). They are in the range between
the blue wool standard one and two so that further significant colour fading can be expected under similar light influence. It has to be considered that for the same colour a range
of light sensitivities was observed. Further investigations
are required to understand the differences and to get more
detailed analyses of the light sensitivity.

4

Summary and conclusions

4.1 Material analysis
The collected analysis results of the lower part of the Lienzo
Seler II give a first impression of the applied pigments and

colours. They show differences in the materials used for
drawings and scripts. Useful comparisons can be made
with the data from the chemical characterization of the pigments and colours used in Mesoamerican mural paintings or
in codices and from studies devoted to the cultural dimension of colour use (Houston et al., 2009). With the microscopic observations it was possible to describe in detail the
status quo of the object and conclude that the Lienzo was
treated with a consolidation medium to fix it to the modern
support linen. A detailed compound analysis of the applied
glue could not be performed via the available non-invasive measurement techniques. Only an investigation
of micro sample of glue areas can complete the analysis of
the binding media.
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Fig. 22: Measurement points of Vis spectroscopy (yellow points) and MFT measurements (red points).

The chemical element characterisation of the colorants,
carried out by means of micro-XRF, revealed the presence
of a few minor elements. For the red, brown and yellow tones, organic dyes, earth pigments and orpiment and/or realgar
were used. The blue colour is strongly faded and its identification is therefore difficult due to the low concentration of
colorant. It might be due to an organic pigment such as indigo or even Maya blue, an inorganic-organic hybrid made of

Fig. 23: In situ microfading measurements (MFT) in front of
the Lienzo.
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clay and indigo. Occasionally other elements were measured,
such as copper, zinc and potassium, but their significance for
the Lienzo Seler II would have to be investigated with further
analyses. Carbon black was probably used to obtain the black
colour, although the glosses nearby the Spanish priests were
written with an ink containing traces of lead. Further investigations via micro-XRF in comparison with similar drawing
and scripts should allow clarifying the interpretation.
Micro-Raman spectroscopy was also performed but no
meaningful spectrum was obtained. Probably, to be able to
identify pigments with this technique, samples would have to
be collected and analysed under the microscope, as discussed
above.
The special importance of the analysis of organic pigments
and dyestuff of the Lienzo with other spectroscopic and chromatographic methods like High Performance Liquid Chromatography (HPLC) (Degano et al. 2009, Halpine et al. 1996, Blanc
et al. 2006) and SERS-Raman (Leona et al. 2006, Whitney
et al. 2006) should be considered for further investigation
series of the object. The recent improvements in analytical techniques today offer new extremely sensitive characterization
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possibilities that can provide new perspectives to this field of
research. The long-term goal is to come up with an improved
investigation strategy to discuss more in detail the cultural and
historical implication of the new information gained from the
material study of the Lienzo Seler II.
An appropriate comparison can be made with the analysis
results of Coixtlahuaca lienzo I (INAH-Códices de México)
and the codex Huamantla (INAH-Códices de México, CONACULTA-Biblioteca digital Mexicana). A forthcoming
research project is devoted to the comparative study of these
exceptional objects kept in Germany and Mexico. Furthermore, the analytical results can be compared with the paints’
descriptions in historical sources in order to attempt a
matching between the chemically characterized paints and
those described in the sources, where we can often find their
indigenous names and information on their manufacturing
processes.
4.2 Conservation conditions
4.2.1 Indoor air quality of the glass show case
The preceding measurements in the glass showcase by
using corrosion indicator metal plates showed no influence of the air environment on the Lienzo and let
us suspect that the air exchange rate in the actual glass
showcase is quite high. The fact that the organic acid
concentrations within the glass showcase were higher
than in the surrounding environment and in blank samples
indicates that the wood plate within the glass case in
combination with the linen material could be a main
source of acetic and formic acid contamination. Further
investigations concerning the indoor air climate should

clarify the sources of the high amounts of organic acids.
In terms of conservation finally it should be clarified
what kind of replacement material can be recommended.
For the upcoming presentation of the Lienzo Seler II in
a new glass showcase the air exchange rate has to be
validated and if the ratio is quite low as mostly recommended the wooden plate and the linen material has to
be replaced. A showcase with active ventilation or with
its own air conditioning system would be also a recommendable alternative.
4.2.2 Colour fading
The MFT measurements on seventeen spots show a significantly high light sensitivity of the coloured areas. According to the International Commission on Illumination
(Commission Internationale de l’Éclairage — CIE), the
lightfastness of an object is classified in four categories
compared to the lightfastness of blue wool standards in the
following way: high responsivity BW1, BW2, and BW3;
medium responsivity BW4, BW5; low responsivity BW 7
and BW8 and irresponsive (CIE 157, 2004).
The light sensitivity of all measurements on the Lienzo
falls in the category high responsive (except 04_yellow).
These results highlight already that MFT is an important
tool in order to suggest suitable display lighting and a lighting policy in order to preserve the Lienzo for many years
without additional damage due to exhibition light.
The long-term goal of the preventive conservation issues
is to come up with practical recommendations for the best
possible exhibition of the Lienzo Seler II under stable conservation conditions.

Fig. 24: MFT in comparison to blue wool standards (BW1-5).
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