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SCIENTIFIC STUDIES OF 
STAINED GLASS 

A Progress Report 

ROBERT H. BRILL 

The objective of this note is to demonstrate the 
value of scientific investigations of medieval 
stained glasses by reporting some preliminary 
findings of a research project underway at The 
Corning Museum of Glass. This research, which 
is being carried out with the collaboration of 
several other investigators, was undertaken in 
the hope of developing compositional classifi
cations and other indices which might serve to 
characterize glasses made in certain manufac-

turing centers or during certain historical peri
ods. Such classifications should prove to be use
ful to historians in arriving at attributions for 
windows or in resolving questions of whether 
or not glasses at different sites were made in 
the same manufacturing centers. 

We hope, too, that after seeing these findings, 
scholars and curators who have stained glass 
fragments in their keeping will assist us in 
assembling additional fragments of glass for 
our studies. Although our progress to date has 
been very substantial, it is clear that in order 
to gain the maximum benefit from our research 
it is necessary to expand these studies so as to 
survey samples representative of an even wider 
range of places and periods of manufacture. 

It should be noted especially here, that chem
ists and other scientists have contributed in two 
distinctly different ways to the study of early 
glasses. The first is in the area of conservation, 
that is to say, the preservation, cleaning, and 
restoration of glasses. The other is in the use of 
chemical analyses and other scientific means to 
learn more about when and where the glasses 
were made, how they were made, and about 
the materials from which they were made. 1 In 
the case of ancient glasses, progress has been 
made in both of these areas, but this is not true 
for medieval stained glasses. Although a great 
deal of very useful work has been done in de
vising methods for preserving and restoring 
these glasses, and several valuable technical 
examinations have been made,2 little has yet 
been done in the way of applying scientific 

1. For a general review of this subject see : R. H. 
Brill, "The Scientific Investigation of Ancient Glasses," 
Eighth International Congress on Glass, 1968, Sheffield, 
Society of Glass Technology, 1969, pp. 47-68. 

2. Two outstanding examples of such research are : 
E. Frodl-Kraft, et. al., "Mittelalterliche Glasmalerei," 
Osterreichische Zeitschrift fur Kunst und Denkrnal-
pflege, XXI, No. 3/4, 1967, pp. 186-209 (and several 
earlier papers in the same journal); and G. Frenzel and 
E. Frodl-Kraft, "Refer at auf der Tagung Corpus Vit
rearum Medii Aevi, Erfurt, 1962," ibid., XVII, No. 2/3, 
1963, pp. 93-114. 
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techniques to learn more about the origins of 
the glasses. 

The most comprehensive analyses of stained 
glasses published to date are those by Professor 
Geilmann.3 These are meticulous in quality and 
set a high analytical standard. But, valuable 
as these analyses are, they are not sufficient for 
giving us a broad picture of the variation in 
composition among glasses of different origins. 
The scarcity of analyses of stained glasses is not 
difficult to understand. The simple fact is that 
there are relatively few examples of firmly 
authenticated stained glasses which can be 
made available for analysiS. 

Over the past nine years, The Corning Mu-
seum of Glass has assembled a group of ap-
proximately two hundred fragments of well-
authenticated glasses provided by several gen-
erous persons and institutions. To date we have 
studied about half of these fragments in one 
way or another and the preliminary results are 
most encouraging. This research includes not 
only chemical analyses but also other investi-
gations as discussed below. 

Four types of chemical analyses are being 
used. Five major ingredients (Na20, K20, CaO, 
MgO, and AbOa) are determined quantitatively 
by atomic absorption. We have found that 
quantitative data on these major elements are 
essential, and in fact they are often sufficient 
to categorize the glasses to a considerable ex-
tent. Duplicate emission spectrographic analy-
ses run independently by different laboratories 
are used for minor and trace elements. The 
analyses of these laboratories have always 
agreed very well with one another, but since 
these analyses are relatively inexpensive and 
consume but little sample the added assurance 
of duplicate analyses is well worthwhile. At the 

3. W. Geilmann, et. al., "Beitrage zur Kenntnis alter 
Glaser, I-VII," Glastechnische Berichte, 26, No.9, 1953, 
pp. 259-263; 27, No. 12, 1954, pp. 456-459; 28, No.4, 
1955, pp. 146-156; 29, No.4, 1956, pp. 145-168; 33, 
No.6, 1960, pp. 213-219; 33, No.8, 1960, pp. 291-296; 
35, No.4, 1962, pp. 186-192. 
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moment, it seems that semi-quantitative data 
are probably sufficient for most minor and trace 
elements because of inherent variability even 
within a chemically homogeneous group. 

Conventional x-ray fluorescence is useful for 
determinations of P:!O:;, SO:~ and CI, which vary 
widely among different groups of glasses. These 
analyses can be nondestructive in the sense that 
no sample is consumed in the analysis, although 
the surface of the glass being analyzed must be 
cleaned and polished. The x-ray irradiation 
causes discoloration in some glasses, but even if 
they become discolored the samples are other-
wise unaffected, and can still be used for other 
experiments, such as isotope determinations. 
X-ray fluorescence analyses are especially well-
suited to the analysis of stained regions of 
glasses or for ruby glasses containing colored 
flashed layers. 4 Paints and enamels have also 
been analyzed by this method, again capitaliz-
ing on the nondestructive nature of the method 
to preserve the samples for other studies. The 
analyses of these paints suggest certain sys-
tematic variations which may serve as another 
basis for classifying the glasses technologically. 

The value of combined chemical analyses of 
the types just discussed is illustrated in the Table, 
pp.187-189. It presents analyses of a few stained 
glasses selected from about 100 glasses which 
have been analyzed so far. The glasses reported 
here are from York (12th and 13th cent.), from 
Ulm (ca. 1400 and 1410) and from excavations 
at Avignon (14th cent.).5 It is evident that the 
concentrations of Na20, K20, CaO, MgO, 
A120 3, Ti02, SrO, BaO,and B20 3 vary signifi-
cantly among the glasses from these sites. More-
over, it seems certain that this variation reflects 
differences among the raw materials used in the 

4. R. H. Brill, "Chemical Studies of Islamic Lustre 
Glass," presented at the International Conference on 
Applications of Science to Medieval Archaeology, Uni-
versity of California, Los Angeles, 1967. (In press.) 

5. The author expresses his thanks to Mme. Nicole 
Lambert, Prof. Gottfried Frenzel and Dr. Peter Newton, 
who provided the specimens of glass discussed here. 
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ANALYSES OF STAINED GLASSES 

YORK MINSTER 

ruby ruby 
grn. dk. bZ. aq. grn. (ruby) (base) p. ambo aq. 
1400 1402 1404 1406 1409 1414 1410 1412 

Si02 d -61 -62 -61 -63 -61 -64 -62 -64 
K20 a 5.26 7.43 8.09 8.50 8.43 8.26 9.35 9.20 
Na20 a 2.48 2.78 3.44 2.04 3.60 3.68 3.58 3.34 
CaO a 15.8 14.5 17.0 12.9 16.3 16.0 16.2 15.5 
MgO a 7.66 8.27 7.09 
Al20 3 a 2.15 1.43 1.11 
Fe20R 1.3 1.2 0.30 
Ti02 0.17 0.05 0.03 
Sb2O" * * * 
MnO 2.0 1.7 1.5 
CuO 2.5 0.5 0.1 
CoO O.OOX 0.2 * 
Sn02 0.2(?) 0.1 0.001 
Ag20 0.001 0.001 * 
PbO 0.25 0.45 O.OOX 
BaO 0.05 0.05 0.02 
SrO 0.10 0.10 0.05 
Li20 * * * 
Rb20 0.05 0.10 0.01 
B20:~ 0.07 0.07 0.09 

V20" 0.001 0.001 * 
Cr20:; * * * 
NiO * * * 
ZnO 0.01 0.01 * 
Zr02 0.01 * * 
P2O:; c 4.1 3.9 3.5 

a-Atomic absorption values by C. A. Jedlicka and R. H. 
Bell of Lucius Pitkin, Inc., New York City. 

c-Colorimetric values by C. A. Jedlicka. 
d-SiO, estimated by difference. 
All other values are combined spectrographic analyses 
by C. A. Jedlicka and by John Laco of Corning Glass 
Works. 
*-not detected or less than reference glass concentra

tions as follows: Sb20o-O.OOX; Li20-0.0X; V200-
0.001; Cr20,,-0.OOl; NiO-O.001; ZnO-O.001; ZrO, 
-0.0l. 

Found occasionally at level of approx. O.OOOX: Be, Ga. 

7.13 7.27 7.11 5.71 6.78 
1.51 0.98 1.11 0.88 0.78 
0.55 0.25 0.20 0.15 0.20 
0.04 0.02 0.02 0.02 0.02 
O.OOX * * * * 
1.5 1.2 1.3 1.2 1.3 
2.3 1.0 0.05 0.01 0.01 
* * * * * 

0.2(?) 0.05 0.001 0.001 0.001 
0.001 O.OOOX O.OOOX O.OOOX O.OOOX 
0.30 
0.03 
0.08 
* 

0.07 
0.03 

* 
* 
* 
* 
* 

4.1 

0.01 0.001 O.OOX 0.001 
0.02 0.03 0.02 0.03 
0.05 0.05 0.07 0.08 
* * * * 

0.01 0.03 0.03 0.03 
0.05 0.04 0.03 0.03 

* * * * 
* * * * 
* * * * 

O.OOX 0.01 * * 
* * * * 

3.9 3.1 4.7 4.3 

COLOR CODING: 

"colorless" - not intentionally colored, and possibly in
tended to have been decolorized. 

colorless - successfully decolorized as most grisaille 
glasses. 

aq. - aqua; pale bluish green due to iron im-

grn. 
bl. 
ambo 
ylw. 
ruby 

p. 
dk. 

purities, probably unintentional. 
- green. 
- blue. 
- amber. 
- yellow. 
- ruby glasses are usually laminated com-

posites with a colorless or green base 
glass, or else thin flashings on a base glass. 
( ) indicates colors contained in actual 
analytical sample. 

- pale. 
- dark. 
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ULM MINSTER 

dk. bl. ruby (both) ruby (both) ylw.-amb. p. bl. 
1173 1174 1175 1176 2080 

Si02 d -52 -54 -55 -57 -59 
K20 a 18.6 18.8 16.5 17.3 7.93 
Na20 a 1.69 0.39 0.39 0.19 1.43 
CaO a 19.6 19.5 19.8 18.6 22.0 
MgO a 3.24 3.10 3.26 3.20 3.90 
AI20 s a 1.24 1.25 1.24 0.94 3.71 
Fe203 0.45 0.15 0.25 0.05 0.35 
Ti02 0.12 0.12 0.13 O.OOX 0.15 
Sb20 5 * * * * * 
MnO 1.2 1.2 1.2 1.0 1.2 
CuO 0.25 0.15 0.20 O.OOX 0.05 
CoO 0.12 * * * 0.12 
Sn02 0.001 0.005 0.005 0.001 0.001 
Ag20 O.OOOX O.OOOX O.OOOX O.OOOX O.OOOX 
PbO 0.12 0.25 0.50 0.08 0.001 
BaO 0.03 0.03 0.03 0.03 0.1 
SrO 0.18 0.15 0.15 0.15 0.15 
Li20 * * * * * 
Rb20 0.10 0.10 0.15 0.15 * 
B20 s O.OOX O.OOX o.oox O.OOX 0.01 
V20 5 * * * * 0.001 
Cr20S * * * * * 
NiO 0.03 * * * 0.05 
ZnO * * * * * 
Zr02 * * * * * 
P20 5 C 1.2 1.2 1.1 1.3 1.6 

AVIGNON, PALAIS DES PAPES 

" colorless " grn. ambo ruby (base) ruby (base) dk. bl. 
1420 1421 1422 1424 1425 1423 

Si02 d -46 -45 -49 -51 -45 -61 
K20 a 16.2 16.2 17.0 14.3 15.8 5.01 
Na20 a 3.20 3.00 2.90 2.50 4.20 16.7 
CaO a 22.3 25.0 21.7 21.6 21.6 9.48 
MgO a 4.96 5.16 5.22 5.34 5.78 2.06 
AI20~ a 3.51 2.51 3.02 2.91 3.00 2.06 
Fe20S 0.6 0.8 0.8 0.7 0.7 0.9 
Ti02 0.20 0.15 0.30 0.30 0.35 0.01 
Sb2O" * * * * * * 
MnO 1.0 1.2 1.5 0.8 1.0 1.0 
CuO 0.05 0.05 0.05 0.01 0.05 0.5 
CoO O.OOOX 0.05 O.OOX O.OOOX O.OOOX 0.1 
Sn02 O.OOOX 0.001 0.001 0.01 0.01 0.01 
Ag20 O.OOOX 0.001 O.OOOX O.OOX O.OOX 0.001 
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AVIGNON, PALAIS DES PAPES 

"colorless" grn. 
1420 1421 

PbO 0.001 0.04 
BaO 0.3 0.3 
SrO 0.10 0.10 
Li20 * * 
Rb20 * * 
B20 g 0.1 0.1 
V20 5 0.001 * 
Cr20g * * 
NiO O.OOX O.OOX 
ZnO * * 
Zr02 0.01 0.02 
P 2O;; c 1.8 1.5 

SAMPLE DESCRIPTIONS: 

York Minster. Samples provided by Peter Newton. 
1400-02-Window C-33 in nave clearstory; 12th cent. 
1404-14-Windows C-33 and C-34 in nave clearstory; 
late 13th cent. (1409 and 1414 are from the same 
fragment.) 

three manufacturing centers (wherever they 
were) where these glasses were made. 

A relatively new method of chemical analysis 
is a portable x-ray fluorescence instrument de
veloped by Dr. 1. Perlman and Dr. H. Bowman 
of the Lawrence Radiation Laboratory, and a 
similar instrument developed by Dr. E. T. Hall 
of Oxford. The instrument provides an entirely 
new approach to the analysis of stained glasses. 
Because of its portability it is feasible to sup
port one of these instruments on scaffolding in 
front of windows and analyze various pieces of 
glass by holding the probe of the instrument 
against the glasses. Mr. Robert Giauque of the 
Lawrence Radiation Laboratory has conducted 
trial analyses of about fifty stained glass frag
ments, using this instrument, and obtained very 
promising results. G At present the main dis ad-

6. See op. cit. note 1, pp. 54-56. 

ambo ruby (base) ruby (base) dk. bl. 
1422 1424 1425 1423 

0.25 0.04 0.08 0.05 
0.3 0.3 0.3 0.05 
0.10 0.09 0.09 0.07 
* * * * 
* * * * 

0.01 0.01 0.01 0.01 
* * * 0.001 
* * * * 

O.OOX O.OOX O.OOX * 
* * * O.OOX 

0.02 0.01 0.02 0.02 
1.9 2.6 2.0 1.1 

DIm Minster. Samples provided by Gottfried Frenzel. 
1173-76 and 2080-Choir Window; ca. 1400-1410. 

Avignon. Samples provided by Madame N. Lambert. 
1420-25-Excavated at the Palais des Papes d'Avi
gnon, Salle de Theologie, by M. Gagniere; 14th-cent. 
level. 

vantage of the method is that the instrument is 
not sensitive to some of the low-atomic-number 
elements whose concentrations we have found 
useful for classifying stained glasses; but the 
elements which are detected do provide some 
information useful for classification. 

We hope to undertake the analyses of stained 
glass windows in situ sometime in the near 
future, as a joint project of the Lawrence Radi
ation Laboratory and The Corning Museum of 
Glass. One requirement for the in situ analyses 
is that windows should be selected where scaf
folding is already in position. This would sim
plify the process considerably. But more im
portantly, we are seeking a situation where a 
specific glass problem can be solved. We do 
not want to do analyses just for analyses' sake. 
Instead, two or more windows should be inves
tigated and compared with a view towards an
swering some pre-stated problem formulated 
by an art historian. 
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Dr. Perlman and Dr. Frank Asaro, another of 
his colleagues at Berkeley, are also analyzing 
many of these same glasses by neutron activa
tion. In addition to providing data on major, 
minor and trace elements, neutron-activation 
analysis is also capable of analyzing for ele
ments which are at concentrations below even 
the levels which can be reached by emission 
spectrography.7 Another neutron-activation 
program is being carried out at the Brookhaven 
National Laboratory by Dr. Edward Sayre in 
collaboration with Mrs. Jacqueline Olin of the 
United States National Museum. 

Another technique which is finding applica
tions in research on early glasses is oxygen-iso
tope analysis. This technique has been used to 
study about one hundred specimens of early 
glasses spanning some 3000 years of glass his
tory. It has been found that oxygen isotope de
terminations provide a very valuable index for 
classification. R 

The isotope of interest is 0 18. Since oxygen 
is readily susceptible to natural fractionation, 
the 0 18 content of oxygen from different natural 
occurrences is quite variable. Realizing that the 
raw materials used for making glasses through
out history have come from sources which prob
ably had differing 0 18 contents, we undertook 
the investigation of some early glasses (and of 
some experimentally melted glasses) and estab
lished that the differences in 0 18 contents do 
indeed reRect differences in the raw materials 
from which the glasses were melted. 

7. E. V. Sayre, "Refinements in Methods of Neutron 
Activation Analysis of Ancient Glass Objects through 
the Use of Lithium Drifted Germanium Diode Count
ers ," Proceedings of the Seventh International Congress 
on Glass, 1965, Brussels, International Commission on 
Glass, Paper No. 220; and I . Perlman and F. Asaro, 
"Pottery Analysis by Neutron Activation," presented 
at the Fourth Symposium on Archaeological Chemistry, 
Atlantic City, New Jersey, 1968. (In press; M.LT. Press.) 

8. Op. cit. note 1, pp. 63-64; and "Lead and Oxygen 
Isotopes in Ancient Objects," presented at the symposi
um "The Impact of the Natural Sciences on Archaeol
ogy," London, 1969. The Royal Society and The British 
Academy. (In press .) 
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FIGURE 1. 0 1 8 contents of some stained glasses ex-
pressed in terms of 8. The variations in 8 reflect dif-
ferences in the ingredients from which the glasses 
were prepared. The points deviating from the 
others within the groups are ruby glasses. The range 
of values of 8 determined for about one hundred 
early glasses spanning 3000 years of history is about 
+11 to +23. 

These studies were made in a cooperative 
project with The Corning Museum of Glass by 
Prof. Robert N. Clayton and Mrs. Toshiko 
Mayeda, of the Fermi Institute. They deter
mined the 0 18 contents of these glasses using a 
technique they had previously perfected for the 
analysis of silicate rocks. 9 In Figure 1 are shown 
results for a few stained glass fragments in
cluded in our early studies. (018 contents are 
usually expressed in terms of 8 which corre
sponds to the deviation in parts per thousand of 
an 0 18 content from that of a standard. The 
standard is "standard mean ocean water," which 
by definition has a value of zero on this scale.) 

The glasses shown in the figure include three 
specimens from Chartres Cathedral (ca. 1225), 
four glasses from Speyer Dom (ca. 1170) and 
four glasses from St. Sebald in Nurnberg 
(1379-86). We shall not attempt a detailed dis
cussion of the results here but will simply point 

9. R. N. Clayton and T. K. Mayeda, "The Use of 
Bromine Penta fluoride in the Extraction of Oxygen from 
Oxides and Silicates for Isotopic Analysis," Geochimica 
et Cosmochimica Acta, 27, 1963, pp. 43-52. 
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out that the values of 0 tend to separate the 
glasses from the different sites, although there 
is overlapping among them. It should be noted 
especially, in the glasses from Niirnberg, 
Speyer, and (possibly) Chartres, that in each 
case one glass deviates from the others. All 
three of the deviating glasses are ruby glasses, 
which indicates that there is something some
what different about the ruby glasses as com
pared to the other colors in the same windows. 
(Some differences are discernible in their chem
ical analyses too, but they are not as convinc
ing as the differences in the 0 values.) 

We expect that, as our research in oxygen
isotopes proceeds, it will become possible to dif
ferentiate on this basis between stained glasses 
from several sources. Oxygen-isotope determi
nations constitute an independent means for 
classifying glasses, and when combined with 
knowledge of chemical compositions, they 
should allow one to learn a great deal more 
about the technological relationships among 
different glasses than could be learned from 
chemical analyses alone. Although it is not dis
cussed here, there is a sound background of 
chemical theory which can be used in support
ing interpretations of the observed differences 
in o. 

The determination of lead-isotope ratios has 
been demonstrated to be very useful in identi
fying the possible geographical origins of the 
ores from which lead samples were originally 
smelted.10 Among the many archaeological ap
plications are studies of lead in metals, glasses 
and pigments . Isotope determinations on mi
nute bits of lead removed from caming or on 
lead extracted chemically from the glasses 

10. R. H. Brill and J. M. Wampler, "Isotope Studies 
of Ancient Lead," American Journal of Archoeology, 71, 
No. 1, 1967, pp. 63-77; Idem, "Isotope Ratios in Arch
aeological Objects of Lead," Application of Science in 
the Examination of Works of Art, Museum of Fine Arts, 
Boston, 1965, pp. 155-166; R. H. Brill, "Lead Isotopes 
in Ancient Glass," Annales du 48 Congn3s des "Journees 
Internationales du Verre," . . . 1967, Liege, 1969, pp. 
255-261. See also op. cit. note 8, and note 1, pp. 62-63. 

themselves and their painted decorations ll are 
expected to prove equally valuable for classify
ing the glasses or the cames according to geo
graphical origins. 

In addition to the chemical and isotope stud
ies discussed above, a few physical properties 
have been measured, such as softening points 
and transmission spectra, and these provide 
some interesting background information. Mi
croscopic examinations for the identification of 
imperfections like batch stones, de vitrification 
crystals and bubble patterns, along with struc
tural features like grozing edges, tool marks and 
color laminations, are all extremely useful for 
learning how the glasses were formed.1 2 More
over, microscopic investigations of weathering 
effects afford a powerful means for authenti
cation in instances where simple visual inspec
tion might be inconclusive. It is hoped that 
some of this work will also prove useful to those 
who are primarily concerned with the conserva
tion aspects of stained glasses. In particular, we 
are collecting a limited amount of information 
from a few chemical durability tests and from 
identifications of weathering products. 

In clOSing, we urge persons who have access 
to well-authenticated fragments of stained glass 
to submit to us specimens which can be studied 
as our research continues. Some notes on sam
ple requirements are appended. 

Sample ReqUirements 

The most important requirement for samples is 
that the glasses be well authenticated, that is, 
that they come from known locations and that 
they be dated as well as possible. Samples 
should be selected so as to be representative of 
glasses of a given date and site, and should in
clude a range of colors. Most sample groups we 

11. We have found substantial proportions of lead in 
the paints on some windows. 

12. See op. cit. note 1, pp. 57-58. 
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have worked with contain between six and 
thirty specimens. 

In order to carry out our spectrographic 
analyses we consume a quantity of glass equiv-
alent to about two grains of rice. For a full 
quantitative chemical analysis, a sample as 
large as a pea must be sacrificed. Oxygen iso-
tope determinations require a volume of glass 
about twice that size. In order to obtain an 
x-ray fluorescence analysis we must clean an 
area of about one square centimeter on the 
surface of a fragment. 

192 

We much prefer that persons submitting 
samples for analysis submit whole fragments 
from which samples will be taken in our labora-
tory. This permits us to examine and record the 
entire fragment, to do paint analyses, and in-
terpret results much more satisfactorily than if 
we have only small chips of glass to work with. 

Lead isotope determinations can be made on 
a shaving of metal smaller than a grain of rice, 
but for convenience in chemical manipulation 
it is better to have a section of earning that 
might be about two centimeters long. 
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