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How can a discourse arise from a glass fragment meas-
uring just 63 × 37 millimetres? When two art historians 
debate their differing opinions and subsequently involve 
an increasing number of specialist disciplines, the frag-
ment becomes the focus of scholarly attention. About 
fifty years after Wolfgang Erdmann’s excavations of the 
Basilica of St Peter and Paul in Reichenau-Niederzell 
(Germany), staff members of the State Office for Cultur-
al Heritage Baden-Württemberg came across a  painted 
glass fragment from a former leaded window during an 
inspection of the finds. The object proved puzzling due 
to its uniqueness. 

A GLASS FRAGMENT: THE TRIGGER  
OF THE RESEARCH 
The broken glass fragment shows part of a  face with an 
eye, an eyebrow, the forehead, and hair still visible [Figs. 
1 and 2]. This unique find soon led to an intensive de-
bate about its chronological classification. The stylistical-
ly derived dating provided by the art historians involved 
ranged from around 1000 to after 1300 AD. Could the re-
cently revised building history of the church in Niederzell 
perhaps provide further information? Or could scientif-
ic methods of investigation contribute to an approximate 
date of this glass fragment?
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EYE-CATCHER AND EYE OPENER:  
HOW SCIENTIFIC RESEARCH CAN BRING INSIGHT 

INTO AN ART HISTORICAL DEBATE 

The chemical composition of the glass can provide 
clues about the time that it was made as the recipe had 
changed during the course of the Middle Ages. This was 
reason enough to involve a conservator of stained glass, 
who made the decisive reference to the glass research of 
the Geoscience Center of the University of Göttingen. The 
contact and the transport of the fragile object to Göttin-
gen marked the beginning of the following detective sto-
ry: the search for clues by different specialised disciplines, 
which led to interesting findings. 

	

THE CIRCUMSTANCES OF THE FIND: 
ISSUES OF AN OLD EXCAVATION 
The former collegiate church of St Peter and Paul is lo-
cated in Niederzell, a small village in the north-west of 
the island of Reichenau on Lake Constance. It was tem-
porarily separated from the main island by an area of 
shallow water. The foundation of a  church, originally 
dedicated to St Peter, can be traced back to Bishop Egino 
of Verona, who had the building erected in 795/800 CE. 
In the twelfth century the structure, which had grown 
over a long period of time, was demolished and replaced 
by a new building. The church, which still exists today, 
has the structure of a basilica with a narthex in the west 
and two towers in the east, but has no transept. 
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From 1970 to 1977 a rescue excavation took place be-
cause underfloor heating was installed. The excavation 
was carried out by the State Office for Cultural Heritage 
Baden-Württemberg. The archaeological and architectur-
al history investigations directed by Wolfgang Erdmann 
created the basis for the intensive study of the Niederzell 
church building. 

The partial results of the investigations were pub-
lished in several preliminary reports. However, a  final 
evaluation of the excavation findings had not been car-
ried out until 2019 to 2021 as part of a reassessment (cf. 
Nachrichtenblatt der Landesdenkmalpflege Baden-Würt-
temberg, 50/4, 2021). Due to the erosion of the soil layers 
within the quadrants, a  fine stratigraphic classification 
of the archaeological discoveries to define layers is not 
possible. The glass fragment of interest here was found 
in the northern sacristy and was embedded in an early-
modern building layer. 

 

THE FIND: A DESCRIPTION OF THE 
GLASS FRAGMENT 
The upper half of a  face has survived with a  right eye, 
strongly curved brows, a forehead with curls and strands 
of hair framing the face. However, only a small part of the 
brow remains of the left eye. The lower half of the face  
from the root of the nose downwards is missing. The 
face is turned to the left with the gaze directed slightly 
upwards. The glass fragment consists of brownish green 
glass which, in addition to some broken edges, exhibits 
a nibbled glass edge. This is common in the leaded stained 
glass of church windows. 

The straight, nibbled end of the hair suggests a  head 
covering such as a  crown, mitre or something similar 
[Figs. 1, 2]. The glass painting on the front was applied 
in two different steps. Upon closer inspection, a prelim-
inary drawing with thin half-tone can be seen both on 
the forehead crease and on the underpainting of the eye. 

The main contours, on the other hand, are dark brown 
glass paint. The sweeping and confident brushstrokes in 
different brush thicknesses indicate a skilled glass paint-
er. The size of the face section suggests a once approxi-
mately 50 to 60 cm high standing figure or a figure as part 
of a  larger scenic representation. On the back, formerly 
on the outside of the window, the glass fragment displays 
a completely corroded surface while the front of the glass 
is well preserved apart from a few scratches. 

 

PROBLEMS OF ART HISTORICAL 
CLASSIFICATION: OTTONIAN, 
ROMANESQUE OR GOTHIC? 
The glass fragment is one of the few surviving pieces of 
medieval stained glass on Reichenau. The fact that on 
the island on Lake Constance the art of book illustra-
tion as well as coloured window glazing flourished ear-
ly on is documented by a  letter, presumably written by  
Abbot Warin of Corvey, from the year 839. There he asks 
the Abbot of Reichenau, Walafrid Strabo, for the provi-
sion of a certain ‘vitrearius Matheus’, to teach the monks 
the art of making beautiful windows. In addition, the glass 
plate in the treasury of the cathedral in Mittelzell, named  
‘Emerald of Charlemagne’, could be an indication that 
glass processing was already known at an early date. This 
large piece of green cast glass, weighing almost 14 kg, 
was subject to many speculations until scientific testing 
proved that soda-lime glass is part of the Egypt-2 glass 
type which was dated about 780 to 960 AD.1 

1	 C.M. Kessler, S. Wolf, and J. Goll, ‘“The emerald of Charlemagne”: 
new observations on the production techniques and prove-
nance of an enigmatic glass artefact’, in Annales du 20e Congrès 
de l’AIHV, ed. by S. Wolf and A. de Pury-Gysel, Fribourg, 2015, 
pp. 341–345; A. Kronz et al., ‘Karolingerzeitliches Glas der Klöster 
Reichenau und Corvey – neue Analysen, neue Erkenntnisse’, Me
talla, Sonderheft 12 (June/December 2023), pp. 100–102.

1.	Glass Fragment from Reichenau. Original colour has changed due 
to the corrosion on the reverse. State Office for Cultural Heritage 
Baden-Württemberg, Stuttgart. Photo: Y. Mühleis 

2.	Glass Fragment from Reichenau. In reflective light the main trace 
lines and half tones are visible. State Office for Cultural Heritage 
Baden-Württemberg, Stuttgart. Photo: Y. Mühleis
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In view of the historical and topographic environment, 
the legitimate question arose as to whether the Niederzell 
glass fragment also originated from the early days of mo-
nastic life on the Reichenau. A comparison with the well-
documented apostles’ heads of the Reichenau wall paint-
ings of St George from the last quarter of the tenth century 
seemed valid at first glance [Fig. 3]. Were the conspicu-
ous curls of the apostles’ heads in the scene of the Heal-
ing of the Leper comparable with the forehead curls of the 
glass fragment, which are visible in reflective light? In ad-
dition, the precisely drawn arches of differing thickness 
above the eyes and the separation of the eyebrow from the 
eyelid line is strongly reminiscent of the murals, as are the 
sweeping forehead creases across the entire forehead. The 
painted shadows below the eyes of the apostles in the wall 
painting seemed to be mirrored by the more transparently 
painted outline of the eyes in the stained glass. However, 
the objection was raised in the discussion that these details 
applied in half-tone only stand out in reflective light. In 
the transmitted light, which is decisive for stained glass, 
they are only perceptible as a soft shadow. The extent to 
which the effect of the stained glass is observed in different 
lights (transmitted and reflective), is shown in the various 
photographs [Figs. 1, 2]. However, the wall paintings pres-
ent today are no longer in their original condition due to 
the loss of paint layers. This is because the fine black out-
lines of the eyes are largely missing and the green shadows 
dominate which means that the eyes are deprived of their 
original shape and appear larger. 

A comparison with the stylistically dateable glass head 
from Schwarzach Minster, today in the Badisches Landes-
museum Karlsruhe, which fits in well with the works of 
Reichenau book illumination from the period around the 
turn of the millennium, did not lead any further. Neither 
the facial drawing nor the material composition of the 
glass showed similarities with our fragment. This unsat-
isfactory result forced us to put the early dating aside for 
the time being and to broaden our perspective to include 
later comparative examples. 

Unfortunately, the stained glass available for a  stylis-
tic comparison in the Lake Constance region does not 
date back much further than the early fourteenth centu-
ry. In the field of book illumination, the Manesse manu-
script is among the most famous works of art from this 
region. A characteristic feature of this style is strong hair-
lines on the side of the head, which can also be found 
in our glass fragment. Also, the almond-shaped eyelids 
and the elegant arch of the eyebrow may remind us of 
the figures in the Codex Manesse with their expressive 
gaze. Such a  stylistic conception can even be found in 
the nave windows of the Freiburg Minster from the 1330s  
and 1340s [Fig. 4]. 

The stricter contours and pronounced brows could 
also indicate an earlier production date for the head, as 
evidenced by comparison with the heads depicted on the 
Jesse window from the choir of the Romanesque Freiburg 
Minster. Painted around 1220/30, this window was prob-
ably created in a  Strasbourg workshop or an affiliated  

3.	Reichenau-Oberzell, St George, south wall, heads of the apostles 
from the scene of the Healing of the Leper, 2nd half of the 10th c. 
State Office for Cultural Heritage Baden-Württemberg, Stuttgart. 
Photo: D. Jakobs 

4.	Apostle Matthew of the Endinger Choir of the Freiburg Minster, 
detail of the head, Freiburg, around 1320. CVMA Freiburg. Photo: 
R. Harling
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one [Fig. 5]. Here, too, the faces are characterised by strong, 
linear strands of hair combined with a stylised pair of curls 
above the forehead. Finally, the search for cross-regional 
comparisons extends even further back in time to the old-
est stained glass preserved in situ, the Augsburg stained-
glass windows. The so-called Augsburg Prophets, dating 
from the second quarter of the twelfth century [Fig.  6], 
display comparable features – fine, parallel strands of hair, 
wrinkled forehead, strong brows, and thin lines marking 
the nasal root, which rises from the bridge of the nose to 
the forehead. Only the large, imploring eyes of the proph-
ets are absent from the Reichenau fragment. 

The problem with relying on stylistic critical methods 
alone is that the head fragment ultimately offers too few 
clues for a  reliable chronological classification. Since the 
stratigraphic evidence did not yield further insights, atten-
tion turned to chemical analysis of the glass composition. 

 

GLASS CLASSIFICATION BASED ON 
CHEMICAL COMPOSITION 
The recipes for glass production changed over the course 
of time, often accompanied by a change of raw material 
sources. Glass research over past several decades has al-
lowed for a fairly good understanding of the development 
and geographical distribution of different types of glass 
based on the chemical analysis of many thousands of 
dated glass finds. With this knowledge, it becomes pos
sible to infer the approximate date of manufacture of an 
unknown piece of glass from its chemical composition. 
Of course, the method still involves uncertainties and is 

not always successful. For example, certain glass com-
positions from different periods exhibit similarities that 
complicate their classification. Nevertheless, our under-
standing is constantly improving with each new glass  
analysis. 

The primary raw material for glass is silicon dioxide 
(SiO2), which is found in nature as quartz in the form of 
sand or rock crystal. Furthermore, additives are required 
to stabilize the structure of the glass, usually calcium ox-
ide, which comes from mussel shells or limestone. In his-
torical furnaces, glass could only be melted if flux in the 
form of alkali oxides (sodium and/or potassium) was add-
ed. The purer the raw materials were, the better the qual-
ity of the glass, also with regard to the colouring elements. 

Historical glass can be categorised into three or four 
main groups [Fig. 7], depending on the raw materials 
used. The flux used plays a decisive role in the basic types 
of glass obtained. When mineral soda raw material – 
sourced mainly from the evaporite deposits of the Wadi El 
Natrun in Upper Egypt – was added, the result is referred 
to as soda-lime glass, a  composition typical of ancient 
Rome and the early Middle Ages. Certain coastal plants 
with sodium-rich ash provide the soda-ash glass, which 
was confirmed since the earliest times. It fell into disuse 
in the Roman period, but never completely disappeared 
as a glass type in the Asian region and was again wide-
spread in Europe since the High Middle Ages. If, on the 

5.	King Salomon from the Jesse window of the Freiburg Minster,  
detail of the head, Strasbourg (?), around 1220/30. CVMA Freiburg. 
Photo: R. Harling

6.	Prophet Daniel in the clerestory of the Augsburg Cathedral,  
detail of the head, Swabian, 2nd quarter of the 12th c. CVMA 
Freiburg, Historical Photograph, Archive HD 1484
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other hand, the potassium-rich ash from wood is used, we 
define it as wood ash glass. 

From the end of the eighth century onward, the sup-
ply of soda-lime glass from the Upper Egyptian-Levant 
region gradually declined and the first evidence of wood 
ash glass began to appear. This type of glass could be pro-
duced in local workshops without the need to import glass 
or raw materials. Wood ash glass is easily distinguished 
from other types of glass by its potassium-rich composi-
tion. With its emergence, other types of glass were largely 
replaced in Central Europe by the early eleventh centu-
ry. Wood ash glass that characterized the Middle Ages in  
Europe can be subdivided into further types. These will be 
considered in more detail in order to date the Reichenau 
fragment. 

 

THE SAMPLE MATERIAL – PREPARATION 
AND ANALYTICAL METHODS 
For a comprehensive chemical analysis of glass today, ma-
jor and trace elements are determined quantitatively. Elec-
tron probe microanalysis (EPMA) has proven to be a very 
successful method. Ideally, very small pieces of glass are 
embedded in epoxy resin, ground and polished. This pro-
cedure could not be implemented due to the value and 
rarity of the glass fragment. However, an in-situ surface 
analysis of the glass would not yield meaningful results, 
since the glass surface had been corroded during its bu-
rial in the soil which considerably altered its chemistry. 
As a compromise solution, one square millimetre was re-
moved from the tenth of a millimetre thick layer of cor-
rosion with a diamond engraving instrument and the ex-
posed fresh glass surface was polished. Here the chemical 
composition was quantified by electron excitation. Com-
parative glass analyses were carried out on 73 other glass 
fragments of the excavation from St Peter and Paul and 
on the previously mentioned ‘Emerald of Charlemagne’. 

Micro X-ray fluorescence spectroscopy (Micro XRF) was 
used to determine the distribution of the elements on the 
painted surface. 

 

THE RESULT – CHEMICAL ANALYSIS 
AND INTERPRETATION 
In the black glass paint (Schwarzlot), two different ma-
terials could be made out. The eyes, eyebrows, hair, and 
curls on the forehead correspond to the typical black glass 
paint with element enrichments of copper (Cu), lead (Pb), 
zinc (Zn), and phosphorus (P). In the wrinkle on the fore-
head and in parts of the eyelid, however, only enrichment 
with phosphorus was determined. The heavy metals are 
missing. The glass painter therefore used two different 
materials for the colours. He may have used the phosp-
horus-containing component bone black or bone white, 
both of which are unusual in glass painting. 

Unsurprisingly, as the condition of the corrosion al-
ready suggested, the glass was identified as wood ash 
glass. However, this alone was not particularly helpful as 
it only allows for a rather imprecise dating of the glass to 
sometime between the ninth and sixteenth century. Only 
the precise quantitative analysis of the main and second-
ary elements would provide a more precise classification 
[Fig. 8]. 

Wood ash glass has a high potassium and calcium con-
tent, whose K2O/CaO ratio corresponds to about 1:1. It is 
also characterized by a  relatively low silica content and 
contains very little sodium. This makes it rather atypical 
for the Carolingian-Ottonian period, although there are 
some exceptions. Likewise, dating to the late Middle Ages 
can be ruled out with some certainty, since the wood-ash-
lime glasses of this period were lower in alkali. The da-
tabase of the University of Göttingen, which now com-
prises over 14,500 glass analyses, indicates a high ‘hit rate’ 
for glass compositions dating to the High Middle Ages. 

7.	Relative frequency of the main glass types in the course of history 
through 1500s from Europe, the Near East, and North Africa. Glass 
Database of the Archaeometric Working Group at the Geoscience 
Center, Göttingen

8.	Chemical composition of the glass in two triangular diagrams 
showing the relative variation of three chemical components in the 
glass. Comparative samples: Göttingen Glass Database
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largely completed by 1145/46. The preserved roof timbers 
in the lower tower storeys also date to 1147/48. It is there-
fore reasonable to place the ‘Reichenau head’ into this 
chronological context. 

A  remarkable result of the chemical detection is the 
evidence of phosphorus as a component of the paint. The 
addition of organic material such as bone substance in the 
production of stained glass is unusual. In painting, how-
ever, this substance as a colorant is quite common. This 
finding could point to an artist who was familiar with the 
painting techniques of other genres outside of stained 
glass like wall paintings, panel paintings or illuminations 
for manuscripts. The cross-genre activity of artisans is fre-
quently documented in medieval written sources. 

The many facets of art production on the Reichenau 
can also be seen in the wall paintings in the Niederzell 
apse. The paintings show numerous holes and provide 
evidence of applications that once existed, whose lustre 

9a. Comparative samples from the Göttingen Glass Database with 
glass dated between 750 and 1050. Comparative samples: Göttingen 
Glass Database

9b. Comparative samples from the Göttingen Glass Database with 
glass dated between 1100 and 1400 with selected sites of church 
glazing. Comparative samples: Göttingen Glass Database

10. Wooden window from Reichenau-Niederzell, dendrochrono-
logically dated to 1147/48. State Office for Cultural Heritage Baden-
Württemberg, Stuttgart. Photo: J. Ansel and F. PilzConversely, only very few comparable glass compositions 

can be found for the more silica-rich Carolingian-Otto-
nian dated glasses [Fig. 9a, 9b]. Chemically similar glass 
can be found in church glazing from Oppenheim, Speyer, 
Cologne Cathedral, and churches in Austria, which were 
dated to between the twelfth and mid-fourteenth centu-
ry. Numerous chemical components in particular indicate 
a similarity in the chemical composition of the glass to the 
Augsburg prophet windows [Fig. 9b]. From today’s ana-
lytical point of view, there are therefore strong arguments 
in favour of dating the glass object to the first half of the 
twelfth century. 

 

CONCLUSION 
What conclusions can we draw from this? The results of 
the chemical analysis correlate conspicuously in time with 
the Romanesque construction of the church of St Peter 
and Paul in Niederzell. The dendrochronological dating 
of the timbers in the roof truss above the sanctuary and 
the nave indicate that the construction of the church was 
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and light effects helped to enhance the preciousness of the 
paintings. In addition to metal appliqués, such as those 
found on St George’s in Oberzell, they could also have 
been made of coloured glass. 

The once rich furnishings also included stained glass, 
which filled the church interior in a fascinating, colourful 
refracted light. A wooden, round-arched closed window 
frame from the northern side apse in Niederzell gives an 
idea of the size of the windows [Fig. 10]. This has a clear 
opening of about 75 cm high and 25 cm wide and dates 
dendrochronologically to around 1140. 

*

This article is the result of successful interdisciplinary 
co-operation. Due to the fragmentary condition of the ar-
tefact, it was not possible to date it with stylistic criticism 
alone but proving helpful was the knowledge of various 
specialists and their respective disciplines. The fruitful 
exchange between colleagues from art history, building 
research, archaeology, geochemistry and restoration ulti-
mately led to a viable classification of the glass fragment 
and also contributed to a broadening of the scientific per-
spectives of the participants. 

The glass head was on display at the Great State Exhibi-
tion of Baden-Württemberg 2024 which was dedicated to 
the 1300-year history and culture of the Reichenau.

SUMMARY

Jochen Gätjen, Dörthe Jakobs, Bertram Jenisch,  
Dunja Kielmann, Sandra Kriszt, Andreas Kronz,  
Daniel Parello
EYE-CATCHER AND EYE-OPENER: HOW 
SCIENTIFIC RESEARCH CAN BRING INSIGHT 
INTO AN ART HISTORICAL DEBATE 

About fifty years after the archaeological excavation of 
St Peter and Paul on the island Reichenau-Niederzell at 
Lake Constance, employees of the State Office for Cultural  
Heritage Baden-Württemberg rediscovered, among the 
finds, a uniquely mystifying painted glass fragment. 

The 63 to 37 mm sized piece of glass is a  fragment of 
a painted face showing an eye, an eyebrow, a forehead, and 
hair. The singularity of the piece led to intensive discussions 
about its dating. Different opinions from the art historians 
involved brought up more questions as the suggested dates 
varied between around 1000 and shortly after 1300. 

Interdisciplinary research looked at the glass fragment 
from different angles. Among the project collaborators were 
members of the archaeological and conservation depart-
ment of the State Office for Cultural Heritage Baden-Würt-
temberg, the Art History Department of the University of 
Heidelberg, the Corpus Vitrearum Medii Aevi in Freiburg, 
and the Geoscience Center of the University of Göttingen. 


