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Abstract: 

 

This study reveals at least two different glazing styles enhanced Yesse representing different 

chronological phases of the former Cistercian nunnery. Chemical analyses (HH-XRF, 2D-XRF scan, 

SEM-EDS) on 1104 archaeologically recovered window glass fragments revealed the presence of both 

wood-ash and ‘high lime low potassium’ (HLLK) glass, most evident in the relation between Rb2O and 

SrO. Wood-ash glass is characterized by a CaO:K2O ratio between 1.5 and 3, relative high Rb2O levels 

between 400 and 700 ppm, and an absence of chloride. HLLK glass has a relatively high CaO:K2O ratio 

between 4 and 13, low Rb2O levels between 50 and 250 ppm, and a presence of chloride for the sub-type 

‘mixed-alkali’ (>0.2wt%). The provenance of the glass is either the Rhineland and/or Central Europe 

based on high-calcium-low-magnesium concentrations. Four blue lead glass fragments contain Sb levels 

compatible with the recycling of Roman blue glass.  

Macroscopic analyses confirmed that both glass types are detectable through morphological 

traits related to the production process, weathering, and stylistic features creating insight into the 

appearance and meanings of the window glass at Yesse. The wood-ash fragments are colourless, 

relatively thick, and badly weathered. A thick white contour paint (grisaille à contourner) depicts 

conventionalized painting designs complying with the Cistercian glazing style during the 12th to 15th 

centuries. The HLLK glass is relatively thin and less weathered. The painted fragments reveal multiple 

layers of paint (grisailles à modeler) in a reddish colour, some contain a figural depiction on the glass 

compatible with the glazing styles during the 15th to 17th centuries. The present study illustrates the 

potential of archaeologically recovered window glass for the study of medieval imagery and window glass 

production in the Late Middle Ages. 
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Chapter 1. Introduction 
 

1.1 Topic introduction 
The present study focuses on the window glass remains recovered during archaeological 

excavations in the late medieval nunnery ‘Yesse’ located in the northern Netherlands. The 

monastic landscape of the High- and Late Middle Ages (1000-1600 A.D.) that characterized 

Europe caused a high demand for window glass (Henderson 2013, 102; Adlington et al., 2019, 

1; Jordan 2019, 189). Extensive glazing campaigns enhanced monasteries, churches and 

cathedrals, often adhering to a pre-determined window design in either the leadwork or 

through the use of colours and painted depictions on glass (Hayward 1973, 93).  

The Cistercian nunnery of Yesse was founded in ca. 1215 A.D. and dissolved in 1594 

A.D. during the Protestant Reformation (Flikkema 2012, 11). Between the 12th and the 17th 

century, monasteries took a central role in cultivating large parts of the northern Netherlands. 

Monasteries owned large estates, played an important role in water control, its inhabitants 

were literate and thus quickly gained political-economic, and religious control within society 

(van Lier 2012, 22). The Cistercian order had, contrary to other monastic orders in the region, 

a shared material culture dictated by a central organization (van Dijk 2008, 66). The Cistercian 

identity and the political-economic power in society were expressed through depictions and 

designs on window glass, portraying religious symbols, biblical scenes and donors. For the 

northern Netherlands, there is limited knowledge on the appearance and meanings of 

monastic window glass dating from the 13th to the 17th
 centuries. Medieval window glass from 

religious sites offers crucial insight into late medieval imagery, as well as into political-

economic relationships. Windows in religious spaces were not only functional but also convey 

spiritual meaning; they transmit the divine light of God. This religious meaning was not only 

expressed through the symbol of light, biblical scenes were depicted on stained glass windows 

(Lillich 1993, 234; Reuterswärd 1982a, 95). Medieval window glass from archaeological 

context yields insight into past religious beliefs, political and economic relations, production 

processes and medieval imagery. For the northern Netherlands, window glass is the foremost 

source of late medieval imagery. 

 

This study aims to understand the variety and quantity within the collection of window glass 

at the nunnery of Yesse and contextualize it within different European glazing styles and glass 

types known from this period. Nearly 1900 window glass sherds were found during 

excavations, including coloured, painted and stained fragments. Because the material consists 

of relatively small (0.5-10cm) sherds and is often blackened and badly weathered, a stylistic 

study of the glass is restricted to a small section of the fragments. To gain better insight into 

the glass and its religious and economic-political meanings a stylistic analysis is accompanied 

by analyses of the chemical composition of the glass. To understand the latter, the fragments 

are analysed with the Hand-Held X-ray fluorescence (HH-XRF), the Micro-XRF 2D scanner 

and the Scanning Electron Microscope - Energy dispersive X-rays Spectroscopy (SEM-EDS).  

HH-XRF analysis is a time-efficient and non-destructive technique providing the 

majority of the material with a quantitative elemental composition. This technique measures 

the composition of the (often) weathered surface of the glass, has low precision (8mm) and is 

unable to detect lighter elements such as sodium. To understand the glass composition 12 

cross-sections of glass fragments were analysed with the SEM-EDS. Although costly and 

destructive for the archaeological material, this technique provides crucial information for the 

interpretation of medieval window glass. It allows detailed analyses of the different weathering 
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expressions and the unaltered core of the glass and it provides insight into the lighter elements 

of the glass important to provenance the glass and determine the glass type at hand relevant 

for the chronology. The combination of techniques enables a comprehensive understanding of 

the composition of the glass and the weathering expressions. The Micro-XRF 2D scan gives 

insight into the chemical composition of the applied (layers of) paint in contrast to the glass 

itself. Elemental mapping of painted fragments can give insight into the chemical composition 

of the paint and enlighten certain depictions of discoloured and weathered fragments.  

 

1.2 Problem definition  
The production and significance of window glass in medieval monasteries in the (northern) 

Netherlands is poorly understood, this lack of knowledge in early historic window glass can be 

explained by the following three reasons: 

Firstly, the prohibition of catholic monastic life after the Protestant Reformation and 

its aftermath in the 16th and 17th centuries destroyed nearly all monastic buildings (Damen 

1972, 171; Flikkema 2017, 20; Knight 1996, 99). Since building material was scarce in the 

northern Netherlands, the monasteries were mined, being sold by the brick (Vermeer 1999, 

197). Out of the 34 monasteries existing before the Reformation in the province of Groningen, 

of only four architectural elements (located in Aduard, Ter Apel, Thesinge and Ten Boer) 

survived until today (van Lier 2012, 28). The majority of the in situ window glass was destroyed 

during the Reformation (Wouters 2013, 26) 

 Secondly, wood-ash glass, characteristic of most window glass dating between the 12th 

and 17th centuries in northwest Europe is highly susceptible to decay. Because of the high 

potassium levels used in wood-ash glass, the durability of the glass is relatively poor (Davison 

& Newton 2003, 174; Huisman 2009 et al., 142; Knight 1996, 100). There are only few existing 

windows from this period and the archaeological glass is usually badly weathered. Panels 

predating the 16th century are mostly incomplete and transferred to museums. This is the case 

with panels dating to the early 15h century from the Utrecht Cathedral. Since there are very 

few existing windows from this period, combined with a bias towards in situ and museal 

collection, knowledge on the topic is limited. 

 The third reason is the negligence of window glass from archaeological context. 

Research on pre-modern window glass mainly focuses on the in situ stained glass or museal 

and private collections, both with an art-historical perspective limited to the imagery depicted 

on the window glass (Melis n.d.; Vanclooster et al., 2013, 11). However, the main source for 

early (12th to 16th
 centuries) historic window glass is the archaeological context (Knight 1996, 

99). Unfortunately, glass from an archaeological context is often deemed insignificant and 

easily overlooked. Because of severe deterioration, window glass is often misinterpreted during 

excavation as stone or pottery and subsequently stored in inadequate conditions increasing the 

speed of the deterioration process after excavation ultimately resulting in the loss of the 

material (Vanclooster et al., 2013, 14). Due to poor excavation or preservation, only few finds 

end up in the excavation report or in other publications. The relatively little amount of historic 

window glass in archaeological deposits is in stark contrast with the massive increase in glass 

production in the Middle Ages (Wouters 2013, 26; Knight 1996, 99). This goes unjustified since 

chemical and stylistic analyses have great potential for a better understanding of (weathered) 

window glass from archaeological context.  

 

1.3 Research aim and question 
This research aims to understand the variety and quantity of the excavated pre-modern 

window glass found at the former Cistercian monastery of Yesse, to come to a better 
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understanding of the window glass in monasteries in the northern Netherlands. The scope of 

the research is restricted to the window glass from the nunnery of Yesse but is complemented 

by two archaeological sites in Groningen to enable regional comparison between the sites. The 

chronological demarcation is defined with the foundation of the nunnery in the 13th century 

and the dissolution at the end of the 16th century. The main question is as follows: How can we 

explain the variety and quantity of window glass fragments at the medieval site of the 

Cistercian monastery Yesse (the Netherlands) and what does this tell us about the medieval 

window glass production and the monastic life of Yesse? 

Research on the window glass of the monastery of Yesse can contribute to the 

understanding of the appearance and the chronology of the site, the nature of medieval 

political-economic relations on an interregional level and the devotional character of the site 

based on potential medieval imagery expressed on the panels. Six sub-questions are 

formulated to adequately answer the main question: 

1. Where is the material found and how does this relate to the spatial layout of a Cistercian 

monastery? 

2. Which (non-weathering related) morphological traits can be recognized on the material 

and how do these traits relate to known glazing styles and iconographic depictions on 

window glass during Middle Ages in Northwest Europe? 

3. What is the effect of degradation on the material and the extent to which archaeological 

retrieved material can be analysed? 

4. What is the geographical and chronological origin of the window glass? 

5. What is the (variation in the) chemical composition of the fire paint and how does this 

relate to the techniques applied and raw materials used in this process? 

6. What are the similarities and contrasts between the material of Yesse and the material 

of Martinikerkhof and Kattendiep and what does this reveal about the regional glazing 

tradition in the city of Groningen? 

 

For most late medieval monastic sites in the Netherlands, the excavated window glass is poorly 

understood in the absence of any surviving window panels and/or publications on 

archaeological window glass from other nearby sites. The present study can illustrate the 

potential of the archaeological perspective within the study of medieval window glass. A final 

sub-question of this research: 

7. What is the potential of archaeological pre-modern window glass in terms of: 

a. Understanding the appearance of the glazing of a site? 

b. Regional knowledge of glazing and painting styles? 

c. The production process of the glass? 
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Chapter 2. Literature review 

 
This chapter will provide historical background on medieval window glass as well as the 

material characteristics and the production process of window glass. Both are important to 

understand the archaeologically recovered glass from Yesse in its full context.  

2.1 Window glass: a medium of spiritual transcendence and power 
To be able to interpret the results of the study of archaeologically recovered glass, it is necessary 

to understand the role of windows in a medieval monastery and the political and religious 

implications they carried. This will be discussed in this paragraph. Stained glass is a unique 

form of visual art because of its translucent character which enables the ‘passing through’ of 

light (Batus 2019, 113). During the Late Middle Ages, stained glass windows express a 

narrative, to be observed from both in- and outside (Jordan 2019, 189). They were part of a 

visual representation in which religious, educational, social, political, historical, judicial and 

economic aspects were linked with each other. These windows conveyed many different 

messages through their decorations (or lack of it) with which it made sense to use their 

properties to their full advantage (Damen 2005, 141; van Bueren & Dikken 2016, 209).  

 

2.1.1 Window glass & politics 

The imagery of medieval stained glass in monasteries in the Netherlands was strongly 

influenced by religious and commemorative motives. The monastery adhered to an 

iconographic program full of biblical scenery and religious symbolism (Damen 2005, 164). But 

these were not the only influence on the appearance of the panel. Donors (wealthy individuals 

who provided the monastery with either financial or material donations) would often be 

approached by the institution during construction or remodelling and these donors would 

want to present themselves in that role of great importance, accompanied by their coat of arms 

and occasionally their motto (van Bueren & Dikken 2016, 207-208; Brown 2019, 11). Stained 

glass before the 17th century A.D. was predominantly commissioned by secular sovereigns, 

bishops and other ecclesiastical officials, members of the nobility burghers, town councils and 

possibly guilds and fraternities (van Bueren & Dikken 2016, 213). The donations of window 

glass are an interesting case of asymmetric reciprocity. The sovereign makes a financial 

donation to the institution for the eruption of a tangible stained glass panel (material) in 

exchange for salvation and respect which are intangible spiritual goods (Damen 2005, 141). 

Stained glass panels were an ideal medium for a ruler to establish his political position and 

power to a wider public (Damen 2005, 141; Jordan 2019, 193).  

 

2.1.2. Window glass in Cistercian context 

The design of window glass in religious space is full of symbolism, often with great religious 

meaning. Also, the location of the windows carried meaning: the choir in the church was the 

most preferable place with the highest religious significance (Jordan 2019, 192). The Cistercian 

order had specific characteristics in the design of the panels. The order was established in 1098 

A.D. in Clairvaux as a response to the Benedictine order losing its sober ideals (Leroux-Dhuys 

1998/2007, 11). To the Cistercians, colour and decoration were a distraction from the devotion 

to God. These reformative ideas had an impact on the appearance of the window glass of the 

cloisters. A statute dating to 1134, reaffirmed in 1152 and 1254 held proscriptions against 

figural representation and colour in the window glass within Cistercian buildings, something 

that had been common in previous non-Cistercian monasteries (Zakin 1974, 17; Hayward 1973, 
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94). This statute is considered the reason for the appearance of the typical Cistercian 

‘blankglazing’ style in the 12th and 13th centuries (Lillich 2019, 283). 

  Cistercian blankglazing 

Early Cistercian (until 1250) windows are 

characterized through ‘blankglazing’: white or 

colourless glass panes fitted in geometric lead 

strapwork (Leroux-Dhuys 1998/2007, 88; fig. 2.1). 

The reason for this colourless glass is often 

explained as being simply economically beneficial. 

This view, however, has been rejected by scholars 

arguing that the colourless style has a more 

religious and symbolic reason (Lillich 1993, 234; 

Reuterswärd 1982a, 92). Halfway through the 13th 

century, there is a new aesthetic caused by the shift 

in theological underpinnings of the metaphysical 

concept of God as Light (Lillich 2019, 285). 

Brightness, or light in contrast with darkness is the 

best, albeit generic, image of spiritual life. The 

presence of windows in cloisters was a symbol of 

the presence of Christ. Abstract symbols were 

often used in medieval imagery, to convey a 

religious message. Researchers have suggested 

that early geometric, blank glazed Cistercian 

window panes contained numerous religious 

symbols, portraying or referring to: light, 

whiteness, the number three (the Trinity), the 

circle (the Godhead), flowers like the lily, the 

tetragram, the compass rosette, Solomon’s knot, 

the tree of life and to divine measures (Lillich 1993, 

233; Reuterswärd 1985b, 148; Zakin 1974, 20). 

Furthermore, the writings of Saint Bernard (1120-

1153 A.D.) have been used as references for the 

style and motives used in the 12th to 14th centuries. 

glazing programmes (Zakin 1974, 19; Lillich 1993 

235). The origin of these geometric patterns can be 

related to the French Romanesque architecture which was enhanced with the same symbols 

(Lillich 1993, 244-245).  

  Use of paint – conventionalized painting designs 

From the second half of the 13th century, windows with a painted vegetative pattern became 

the norm within Cistercian glazing programmes, with a crosshatch pattern on the background 

of the colourless windows (Lillich 2019, 283; Lillich 1993, 241; fig. 2.2). These designs remain 

flat and the painting technique applied is grisaille à contourner, creating contours with thick 

lines (Lillich 2019, 284; Machado et al., 2019, 72). An interesting interpretation for the use of 

this crosshatch pattern in early window glass design has been proposed by Prof. Dr. emeritus 

Figure 2.1. Reconstruction of a 12 to 14th 
century Cistercian window in the 
blankglazing style (Source: Atelier Julie 
Bonnafous). 
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Henk Kauffman. Interested in the 

development of transparent glass in 

secular buildings he observed the use 

of oilcloths in windows often 

preceding the glass panels. This 

oilcloth has a crosshatch pattern 

embedded in the fabric. Kauffman 

argues this crosshatch pattern was 

painted onto early glass window 

panels to mimic the known oilcloths 

(personal communication H. 

Kauffman, April 4, 2022).  

In medieval stained glass 

studies, grisaille is often used to refer 

to ornamental nonfigurative window 

design expressed in either the 

strapwork or painted depictions 

(Metropolitan museum of art; Zakin 

1974; Lillich 1993; Hayward 1973). In 

the present study, the term grisaille is 

used for the underpainting commonly 

applied on stained glass. The lily or 

‘fleur-de-lis’ is a common image 

(either painted on the glass or shaped 

in strapwork) on 13th-century 

Cistercian window glass, together with a leaf pattern varying between different tree species, 

such as the vine leaf or oak tree leaves (fig. 2.2). The outer edge of panes in a window glass 

panel often contained a decorative repetitive pattern. The conventionalized window designs 

had a strong uniform character within the Cistercian order during the 13th and 14th centuries 

throughout northwest Europe with limited regional influence (Janse 1991, 51).  

  Figural glazing 

The 14th century A.D. is characterized by a ‘degeneration’ of Cistercian ideals, also represented 

by the introduction of figurative painted glazing (Lillich 1993, 243). During the 14th century, 

the first figural representations entered the Cistercian window, long present in non-Cistercian 

glazing (Lillich 2019, 283). The paint applied on the glass was a combination of grisaille à 

contourner to create outlines and contours, and grisaille à modeler, a thin watery layer to 

create shadows and control light intensities (Machado et al., 2019, 72).  

 

2.2 Window glass production techniques in the Middle Ages  

In this paragraph, the Chaîne opératoire of medieval window glass is discussed. Every 

production step is reflected in the material through either the chemical composition and/or 

morphological and stylistic traits observed on the glass fragments. It is therefore of interest to 

understand each production step and its influence on the end product.  

2.2.1 Raw materials and production of glass sheets 

The primary production (production of the glass sheets) in the Middle Ages was located in the 

forested regions in Central Europe and northern France, where the raw materials were 

abundant (quartz, lime and plant-ash). For the production of wood-ash glass, there needed to 

Figure 2.2. Vegetative pattern on stained glass panel 
from Cathedral of Saint-Gervais-et-Saint-Protrais, Sées, 
France, 1270-1280 A.D. (Source: Hayward et al., 2003, 
226). 
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be an abundance of wood for fuel and flux supply. It has been estimated that between 1250 and 

1500 A.D approximately 40.000 tonnes of glass were produced in Europe, each ton of glass 

requiring 250 tonnes of wood (Adlington 2019 et al., 1-3; Wedepohl & Simon 2010, 90). The 

medieval glass-maker had no control over the exact chemical composition of the glass since 

the whole-plant ash (to the medieval glassblower) is of unknown and varying composition. The 

glassmaker did have some control over the degree of oxidation of the materials during the 

melting process influencing the quality of the glass sheets (Brown 2019, 10). The success of a 

glass batch was largely dependent on traditions and the experience and knowledge of the 

glassmaker (Stern & Weber 2009, 111). 

  Broad- and crown glass 

During the Middle Ages, there are two different glass-blowing techniques for the production of 

a glass sheet. The broad- and the crown glass technique, each leaving particular production 

marks (Dungworth 2012, 11; Martlew 2008, 62; table 2.1). The quality of crown glass is 

generally considered to be higher, however, which technique is applied is dependent on the 

tradition and knowledge of the glazier in the primary workshop (Philippe, 20013, 108-109; 

Dungworth 2012, 11; van Ruyven-Zeman 2017, 25). It is known that northern France during 

the 16th and 17th centuries were known for their high-quality crown glass (Philippe 2013, 106; 

van Ruyven-Zeman 2011, 25).  

For both techniques, glass was gathered in the furnace on the end of a glass-blowing 

pipe and blown into a bubble. For broad glass, this molten glass was blown and shaped into a 

cylinder with closed ends (Martlew 2008, 62). On the opposite end of the blowing iron, broad 

glass was transferred to an iron rod carrying a small amount of molten glass allowing 

attachment. After the blowing iron was cut off, the opposite of the cylinder had an opening 

smaller than the side of the blowing iron, the glassmaker would extend the diameter by 

reheating. While reheating the glass cylinder, the glass would be cut across its length and folded 

open to create a square glass sheet. The sheet would then be placed in a kiln allowing it to sag 

until it became a substantially flat pane (Martlew 2008, 62; Melis 2020, 138). When broad 

glass is cut open, pliers could be used on both sides to help create a flat shape. These pliers will 

leave pinches on the glass (Melis 2020, 138). When folded outwards the glass sheet would be 

Figure 2.3. Diderot’s schematic diagram of the production of broad glass. This diagram 
does not show the constant reheating of the cylinder to allow cutting and the flattening 
process. Source: Barthes et al., 1964, 98. 
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flattened with preferably a block of pear wood. This flattening process can leave marks and 

scars on the lower surface from contact with the floor. The other side may bear marks created 

by the wooden flattening tools that were used to assist in flattening the cylindrical shape in the 

kiln (Martlew 2008, 62-63; personal communication H. van de Water, December 4th 2021). 

Because the glass is slowly cooled down in the kiln, the elongated bubbles (created by forming 

a cylinder) regain their original spherical shape. The time and temperature will eventually 

determine the stretch ratio of the bubbles between 4:1 and 2:1 (Martlew 2008, 63).  

With the crown glass technique, the glass would be blown into a bubble and opened at 

the far end of the blowing iron. After reheating, the glass would be spun at high speed forcing 

the glass to move outwards into a circular sheet of approximate 1 meter (fig. 2.4). When the 

glass sheet would not remain flat during this process, a wooden block would be fitted on each 

side of the glass while hurling, forcing a straight position. This correction will leave a mark on 

the complete perimeter of the glass sheet, much like an imprint on pottery during the moulding 

on the turntable (personal communication, H. van de Water, December 15, 2021). Because of 

the concentric force, circular marks can be observed on the glass panes. Bubbles in the glass 

are usually more elongated than in broad glass since the cooling of the glass happened rather 

rapid, fixating bubbles with a ratio up to 1:10 (Martlew 2008, 63).  

 

Indications for the production of crown glass in certain regions in Europe are documented in 

historic sources describing the quality and types of window glass traded to the Netherlands. 

Documents from the 16th century A.D. reveal the import of both clear and coloured glass in the 

Netherlands. In 1533 the guild of Amsterdam worked with three types of glass: hessels glas 

from Germany, bourgons glas and frans glas from France (van Ruyven-Zeman 2017, 25). The 

frans glas, generally understood as crown glass produced in Normandy was considered to be 

the highest quality. Second would be the bourgon glass originating from a major producer in 

southern Lorraine using the broad glass technique. Hessels glas was the cheapest option, at 

the expense of the quality of the glass originating from Germany (van Ruyven-Zeman 2017, 

25).  

Figure 2.4. Diderot’s schematic overview of the production of crown-glass. Source: Barthes 
et al., 1964, 97.  
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2.2.2 The glazier 

The glass sheets, the end product of the first production stage would be transported throughout 

Europe. For the Ore Mountains (Central Europe) it was impossible to trade products via the 

waterways. Because of the limited infrastructure during the Middle Ages and the fragile 

characteristic of glass, these sheets would be transported by foot, and where the roads and/or 

waterways would allow it by wagon or ship (Haggrén 2015, 329).  

The glass sheets were bought by regional glaziers, who painted and cut the glass in the 

desired designs. The design of the monastic window glass is one of the most intriguing parts of 

a window glass since it requires a negotiation between the patrons/institutions and the 

craftsmen (Brown 2019, 11). Surviving documents on the design and installation of medieval 

window glass consist of design sketches (Brown 2019, 11) and contracts between the patrons 

and the glazier/craftsman (Damen 2005, 146). These documents vary greatly and represent 

different stages in the process revealing the specific wishes of patrons depending on their 

interests and budget (Brown 2019, 12). The glass-painter (glasschilder or glasschrijver in 

Dutch) would be the artist in this process painting the image on the glass and firing it in a kiln 

(van Ruyven-Zeman 2017, 20; Bogtman 1944, 27). Theophilus Presbyter (1070-1125 A.D.), a 

German monk who wrote the Schedula diversarum atrium, ‘list of various arts’, explains how 

the glazier would draw out the full-size window design on a whitened table (with chalk) and 

charcoal (Brown 2019, 14). The glass would then be cut by overlaying a transparent glass sheet 

on the table with the design. The shapes would be roughly cut with a heavy, hot, iron and then 

shaped in more detail with a grozing iron (Bogtman 1944, 15-16; Brown 2019, 15). These panes 

would be painted with the desired design on the interior side of the pane (personal 

communication H. van de Water, December 4, 2021). The exterior side of the panes was 

sometimes painted to create different shades. In other cases, remnants of paint on the exterior 

side mirror the depiction mirrored on the interior side. The paint on the exterior side was 

applied by the glazier enabling him to remove the pane from the design table and paint the 

interior design against natural light (Brown 2019, 17).  

Glass painters were subjected to guild regulations dependent on the period and region. 

The earliest date of such a guild for practitioners of stained glass in the Netherlands dates to 

1367 in Dordrecht (van Ruyven-Zeman 2017, 21). The craft of stained glass was often grouped 

with other crafts in a guild. For the province of Groningen between 1416 and 1585, glass 

painters and painters were grouped with saddlers and ironworkers in a guild. Glass-painters 

operating in convents will have been exempted from this guild membership (van Ruyven-

Zeman 2017, 21-22).  

 

 Crown glass Broad glass 

Thickness (1) uniform  not uniform 

Shape edge glass plate (1, 2) curved straight  

Flattening marks (1, 2) circular strokes pip marks / scratches / 

undulation 

Bullion (1, 3)  present absent  

Plier marks (3) absent  present  

1. Martlew 2008, 62-63 

2. H. van de Water, personal communication, December 4, 2021 

3. Melis 2020, 137-138  

Table 2.1. Morphological traits and production marks of crown- and broad glass. 
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2.3 Primary production of glass sheets 
Glassmaking requires three key components: formers, fluxes and stabilizers. Silica (SiO2) is 

the most common former of glass, determining the structure of glass. (Henderson 2013, 2-3; 

Shortland & Rehren 2019, 347). Since the melting temperature of quartz is very high (around 

1700 °C) a flux is added to lower the melting temperature, A flux, alkali-metals (primarily 

sodium and potassium) breaks the crystallinity lowering the melting point and stability of the 

glass. Glass consisting of only silica and flux have poor durability, a stabilizer is added (usually 

calcium) to improve the durability. (Henderson 2013, 2-3; Shortland & Rehren 2019, 348). 

Whereas the flux used in the glass melt is a deliberate decision in glass making. The network 

stabiliser, (usually calcium) can be a natural component in either the silica source or the flux, 

but can also be added separately (Wedepohl & Simon 2010, 90; Shortland & Rehren 2019, 

348). Aside from these three main components to produce glass, various materials can be 

added to influence the colour and appearance of the glass, categorized into colourants, 

decolourants and/or opacifiers can be added. These are often heavy metals such as lead, tin or 

antimony or oxides of transition metals such as copper, cobalt, or manganese (Shortland & 

Rehren 2019, 348).  

 

2.3.1 Raw materials and technology: the different glass types 

The chemical composition of glass can vary greatly depending on which raw materials are used 

for each of these components. The main component is the silica (in the form of sand or vein 

quartz). Each component (former, flux and network stabiliser) include small amounts of other 

elements unintentionally included in the glass melt affecting the chemical composition and the 

appearance of the glass. These ‘trace elements’ can be used to provenance the raw material 

used in the glass (Adlington et al., 2019).  

The last two components, the flux and the stabilizer are relevant to the technological 

shifts within the ‘forest and plant ash-period’ dating from the 9th to the 19th centuries A.D. 

(Schalm et al., 2007, 664; Henderson 2003, 104). The relevant period for the present study 

starts in the 13th century A.D. with the establishment of the monastery of Yesse in 1215 and 

ends with its dissolution in 1594 (Mulder et al.,2020, 106). During this period of nearly four 

centuries, window glass production in Europe endured several technological shifts on regional 

and continental levels reflected in the chemical composition of the glass (fig. 2.5).  

Wood-ash and HLLK glass 

For the material from Yesse, a division between the wood-ash glass and High Lime Low 

Potassium1 (HLLK) glass is most important. In the production of wood-ash glass, wood-ashes 

(high in potassium) are added to the glass mixture as a flux. Wood-ash is in some sources 

interchangeably used with ‘potash’. Potash is a refined extract from wood-ash reflected in the 

chemical composition of the glass with high levels of potassium but low levels of manganese, 

phosphorus and other elements present in ashes (Cívolá & Woitsch 2012, 372; Stern & Gerber 

2009, 110; Stern & Gerber 2004, 137). 

The second category of glass, HLLK glass, is defined in the present study as plant or 

forest ash with the addition of excess lime (calcium) and/or the addition of a second flux 

(NaCl). Glass produced with the addition of excess lime is called ‘high lime’ glass and glass 

produced with the addition of a second flux ‘mixed-alkali’ glass respectively (Wedepohl & 

Simon 2010, 91). High lime and mixed-alkali glasses are both subcategories of the HLLK glass 

type. High lime glass has a high CaO:K2O ratio (the exact ratios vary within publication on the 

topic) but no added sodium. For Central Europe, this transition from wood-ash to HLLK glass 

 
1 In literature commonly referred to as High Lime Low Alkali (HLLA).  
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can be traced to the 14th century connected to forest administrations. The decreasing 

availability of high potassium wood (trunks and logs) was compensated by using twigs and 

bark relatively high in calcium or using an alternative lime and flux (NaCl) source (Wedepohl 

& Simon 2010, 90). A study on the pre-industrial glass in Belgium grouped this ‘high lime’ 

category with the ‘mixed-alkali’ as High Lime Low Alkali (HLLA) glass which is introduced in 

the 15th century A.D. Since the HH-XRF (used for the bulk of the material in the present study) 

does not detect the sodium levels, in this study, the term HLLK is used for both mixed-alkali 

glass and ‘high lime’ glass. 

Wood-ash and HLLK glass are thus characterized by different relative compositions and 

technologies. In wood-ash glass potassium is used as a flux and calcium as a network stabiliser, 

both components are added to the mixture in the form of plant-ash. HLLK glass is 

characterized by either a mixture of fluxing agents (NaCl and K2O) and/or the relative 

abundance of calcium in relation to potassium. This transition from wood-ash glass to HLLK 

glass in Europe takes place during the 14th and 15th centuries, with regional variations (fig. 2.5). 

The effect of this technological transition on the chemical composition of the glass can be 

recognized through one or more of the following characteristics: 

1. Silica concentrations increase slightly; 

2. Potassium concentrations drop; 

3. Lime (calcium) contents increase; 

4. Ratio CaO:K2O increases; 

5. Introduction of NaCl as a fluxing agent. 

 (Wedepohl & Simon 2010; Adlington et al., 2019, 3; Schalm et al., 2007, 666; van der Snickt 

et al., 2016, 91).  

 

 

Provenance 

Starting in the 11th century there is a massive demand for window glass throughout Europe 

related to the glazing of churches, monasteries and cathedrals (Henderson 2013, 102). The 

Middle Ages marks a technological shift where potassium from forest-and plant ash is used as 

a fluxing agent instead of sodium, widely available in Central and Western Europe (Adlington 

2019 et al., 3; Henderson 2013, 102; Wedepohl & Simon 2010, 89). Due to the numerous 

production sites spread throughout Central and Northwest Europe in the Middle Ages, the 

Figure 2.5. Regional difference in the glass-types wood-ash and HLLK in Europe. Blue: Central 
Europe (Wedepohl & Simon 2010), red: England (Dungworth 2012), black: Belgium (Schalm et al., 
2007). 
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chemical compositions of wood-ashes vary greatly (Adlington 2019 et al., 2; Henderson 2013, 

104). The factors include the substratum upon which the plant or tree grew, the plant species, 

the harvest season, and which part of the plant was used (Adlington et al., 2019, 1; Henderson 

2013, 48). Despite the complexity of the fluxing agent, regional patterns in the chemical 

composition of the wood-ash for European glass between the 13th and 15th centuries A.D. have 

been established (Adlington et al., 2019; fig. 2.6). One of the indicators is the magnesium levels 

of the glass, relative to the calcium concentration. Glass produced with wood-ash from 

northern France and England is characterized by relatively High Magnesium and Low Calcium 

(lime) levels (LLHM). Forest-ash from Central Europe and the Rhineland on the other hand 

have relative High Calcium and Low Magnesium levels (HLLM); (Adlington et al., 2019, 3). 

 

Another indicator for regional patterning is the concentration of phosphate in the glass 

(Adlington et al., 2019). All forest-ash glass types have a phosphate level higher than 0.3% 

(Dungworth 2012, 17). The phosphate levels for Northwest France, England and the Rhenish 

Figure 2.6. Map showing the regional distribution of LLHM and HLLM glasses in Europe. The 
threshold is established only for the purposes of the above illustration and is not intended as a 
boundary for defining a compositional typology. (Source: Adlington et al., 2019, fig. 2).  
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region are often greater than 2% (Rhenish and England less than 4% and France up to 6%) 

while the phosphate levels for Central Europe are typically lower than 2% (Adlington et al., 

2019, 3).  

 

 2.3.2 Coloured glass 

Coloured glass is glass that is coloured with the addition of certain raw materials during the 

production of glass sheets. In the 12th century, there is already a wide variety of colours 

incorporated with the production of wood-ash glass. Sometimes these colours were obtained 

unintentionally, depending on the specific gaseous atmosphere in the furnace, but these 

specific atmospheres were also used as an advantage (Henderson 2013, 66).  

Blue window glass in the Middle Ages could be obtained in several ways with the 

colourants copper and/or cobalt. Before the 13th century A.D., the recycling of roman tesserae 

was common in absence of a known cobalt mine (Cívolá et al., 2021, 5; Bidegaray & Pollard 

2018, 793). Theophilus describes the use of blue tesserae found in mosaic work in ‘ancient 

pagan buildings’ added to colourless glass for the production of blue window glass, the ‘French’ 

were most skilled in the production of these costly blue glass sheets (Freestone 2015, 37; 

Bidegaray & Pollard 2018). The recycling and trade of roman tesserae for medieval glass 

production in Europe is evident from written sources as well as the archaeological record. The 

discovery of hundreds of tesserae from the village Wierum (21km north of the city of 

Groningen) attests to the trade of roman blue tesserae to the northern Netherlands (Crocco et 

al., 2021, 1). The glass tesserae were of a lead-rich or lead-free soda-lime-silica glass with low 

magnesia and low potassium concentrations (Crocco et al., 2021, 10). The presence of high 

antimony and/or manganese levels is compatible with 1st to 4th century AD glass (Crocco 2021 

et al., 2). The turquoise-coloured tesserae, used to obtain blue-green coloured glass, are 

characterized by elevated levels of copper and antimony in absence of lead oxide (Crocco 2018, 

13). Blue window glass from the Paderborn Cathedral is coloured with the addition of blue 

roman glass. The chemical composition of the glass indicated the use of soda-glass (uncommon 

in the Middle Ages) and elevated levels of antimony (Lobbedey et al., 2009, 127). From the 13th 

century onwards cobalt ores in Central Europe were exploited for the colouring of blue glass 

(Cívolá et al., 2021, 1; Bidegaray & Pollard 2018, 793).  

During the Middle Ages, there was no known method to obtain translucent red glass. 

To allow the passage of light in stained glass panels, a thin layer of red glass would be melted 

with a colourless base, referred to as ‘flashed’ red (Kunicki-Goldfinger et al., 2014, 91). Two 

Figure 2.7. Cross-section on flashed red glass. Left: Type A with a striated structure, thickness 
2.8mm. Right: Type B with a single layer of red glass, thickness 2.7mm (Source: Kunicki-Goldfinger 
et al., 2014, fig. 2 & fig. 4). 
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structural categories are identified representing different chronological ages. From the 12th to 

14th centuries red glass sheets have a typical complex microstructure of multiple coloured 

layers altered with colourless glass, referred to as Type A. From the 14th century onwards, 

sheets are composed of a thick single or double layer of red glass (Kunicki-Goldfinger et al., 

2014, 102; fig. 2.7).  

The use of silver stain was introduced in the 14th century in northwest Europe as a way 

to achieve a permanent yellow colour on the glass (Caviness 1996, 43; Jembrih-Simbürger et 

al., 2002, 321). A clay mixture with silver compounds would be placed on the exterior side of 

the glass and heated in a kiln. During heating, the silver compound reacts with the alkali ions 

in the glass which results in an increasing migration of silver ions into the glass resulting in a 

yellow to orange stain (Jembrih-Simbürger et al., 2002, 321).  

 

2.3.3 Fire paint 

Fire paint is applied regionally, by the glazier who buys the glass sheets. The use of fire paint 

on glass sheets in Europe became common during the 12th century A.D. Theophilus describes 

a finely ground mixture of burnt copper fillings and a flux of green and blue glasses, the 

proportion is one-third copper and two-thirds glass resulting in a brown or black paint 

(Theophilus in Brown 2019, 16). The fire paint thus consists of metal oxides like iron (Fe2O3) 

and copper (CuO) mixed with a base glass, which was made of a lead-silica glass regardless of 

the chronology and provenance (Machado et al., 2019, 72; 85; fig. 2.8). Theophilus further 

advises wine or urine as a binder for the glass paint. After painting the glass would be ‘fired’ 

securing the painted details on the surface. This was a very precise process with only limited 

control on the temperature and ventilation of the kiln, with a real risk of breaking the glass or 

not securing paint (Brown 2019, 18).  

The colour of the paint is determined by the type and amount of the metal oxides. Based 

on the written documentation on fire paint, the same colouring agents were used until the 19th 

century (Machado et al., 2019, 82). The base glass is commonly high in lead since it lowers the 

melting temperature of the paint mixture. Archaeologically recovered copper-based blue-green 

glass with a high lead content could be the same blue-green glass described by Theophilus for 

the production of fire paint (Machado et al., 2019, 84) 

2.3.4 Influence of weathering  

The type and degree of deterioration of archaeological glass depend on (1) the composition of 

the glass, (2) the production process, (3) the duration and location of the window in situ and 

Figure 2.8. Schematic representation of a cross-section of fire paint before and after firing (Source: 
Machado et al., 2019, fig. 1).  
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(4) the burial conditions (Huisman et al., 2009, 139; Koob 2006, 14). In an acidic (pH > 9) the 

glass structure will dissolve when in contact with water. Glass is stable between pH3 and pH 

9, since the Dutch soils fall within those ranges, leaching of the glass is the foremost 

degradation mechanism (Kars & Smit 2003, 17). Altering dry-damp-wet burial conditions are 

common in the Netherlands and will result in de-alkalization, commonly referred to as 

leaching of the material. Water extracts the negatively charged alkali from the glass to form a 

sodium or potassium hydroxide solution. This extraction causes an imbalance in the glass 

network, causing hydronium ions (H3O+) from the water to exchange positively charged 

protons for the alkali ions leaching from the glass network (Davison & Newton 2003, 175; Kars 

& Smit 2003, 17). This de-alkalization results in leached surfaces, known as the ‘gel-layer’ 

(Davison & Newton 2003, 174; Huisman et al., 2009; Kars & Smit 2003, 17). This process is 

more prevalent in potassium glass (thus medieval window glass) than in soda glass since 

potassium ions are larger than sodium ions. The replacement of ions (potassium for protons) 

causes shrinkage since the leached potassium ions allow a greater number of water molecules 

to enter the glass network. During excavation further shrinkage occurs when the silica-rich gel-

layer loses water causing de-hydration (Davison & Newton 2003, 175; Koob 2006, 13). Glass 

deteriorates from the surface inwards. The chemical composition of the leached gel-layer will 

thus differ from the original composition. Most excavated medieval window glass consists of a 

core and gel-layer (fig. 2.9).  

  Weathering expression on the window glass of Yesse 

The deterioration of the archaeologically recovered window glass from Yesse has been 

investigated in a separate study (Wieske 2022). Upon macroscopic documentation, the 

deterioration of the glass was categorized in nine weathering expressions: (1) black opaque gel-

layer, (2) iridescence, (3) depositions of iron minerals, (4) flaking off of top layer, (5) dulling, 

(6) craquelure, (7) surface concretion, (8) pitting, (9) micro-organisms (Wieske 2022). This 

study revealed that the degree of weathering is influenced by both the glass type (wood-ash or 

HLLK) and the burial conditions of the glass. Wood-ash glass in particular is susceptible to the 

‘browning phenomenon’ (Ferrand et al., 2015; Wouters 2012, 8) and is more severely 

weathered than the HLLK glass. The manganese stains, responsible for the browning of glass’ 

were only observed on the wood-ash samples with the SEM-EDS. 

For the material from Yesse, the two glass types wood-ash and HLLK reveal distinct weathering 

expressions which can be observed upon macroscopic analysis. Wood-ash glass is often 

Figure 2.9. Microscopic picture of the cross-section of a weathered fragment, find 367GL.1, 

thickness 2.5mm.  
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characterized by a thick apparent gel-layer (expression 1) whereas HLLK glass has a thin gel-

layer, often of orange to brown colour (expression 4). Surface concretion (expression 7) was 

only observed on wood-ash glass fragments originating from feature 1 in trench 35. Since this 

is not common on wood-ash fragments originating from other contexts, the burial condition of 

feature 1, trench 35 appears to have an influence on the exact chemical composition of the gel-

layer and the observed weathering expressions (Wieske 2022). 

 



 

17 
 

Chapter 3. Material and Methods 

 

3.1 Material  

3.1.1 The nunnery of Yesse 

The majority of the studied glass finds originates from the medieval nunnery Yesse, which 

functioned between 1215 and 1594 A.D. in the current village of Essen, just south of the city 

Groningen (Mulder et al., 2020, 106; fig. 3.1). Following the earliest historical source of the 

nunnery of Yesse (Dialogus Miraculorum) by Caesarius von Heisterbach, Yesse is mentioned 

in a Chapter dated to March 1221 – March 1222 A.D. This chapter states the ‘recent’ 

establishment of the Cistercian monastery Jesse (Flikkema 2012, 4).  

As was common during the High Middle Ages (1000-1250 A.D.) the foundation of Yesse 

was likely initiated by members of the elite from the city of Groningen (Groenendijk & 

Thiemann 2016, 13). The estimated 20 to 40 nuns who lived simultaneously at the nunnery 

would be members of the middle and upper social classes from the provinces of Drenthe and 

Groningen (van Moolenbroek 1985, 186). Following the Cistercian reform, monasteries 

reached back to the Benedictine ideal of isolation and contemplation. Because of this 

reformative nature, Cistercian monasteries are characterized by a certain standardization in 

the spatial layout and architecture which reflects a sober, contemplative, lifestyle.  

Figure 3.1. Reconstruction of the cloister of the nunnery Yesse based on geophysical imaging and 
excavation results. Light red and dark green: location of excavation trenches. This image excludes 
three trenches (trench 24, 30 and 31) in the western part of the monastic grounds. Image: S. 
Arnoldussen.  
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Unfortunately, these architectural aspects were rarely mentioned in manuscripts since it was 

considered the material embodiment of spiritual life (Jetten 1986, 6; van der Ploeg 2008, 158). 

During the centuries following the protestant Reformation (among which the Siege of 

Groningen in 1594 A.D. played an important role in the region) nearly all monastic buildings 

in the northern Netherlands were destroyed and mined for building material. The nunnery of 

Yesse was completely destructed in the centuries following the Siege of Groningen.  

The nunnery was already known from scarce textual sources, and archaeological 

excavations between 2010 and 2022 uncovered the remains of the medieval Cistercian 

nunnery. The first archaeological excavations were conducted by the company RAAP, 

combined with a geophysical survey in 2016, a reconstruction of the layout of the cloister was 

established (van Hoof, 2012; Jonkman 2016). From 2017 onwards, the Groninger Institute of 

Archaeology conducts field school excavations in the months of May and June.  

 

3.1.2 Material selection  

Field school excavations in the years 2017, 2018, 2019, and 2021 resulted in the recovery of 

1892 medieval window glass sherds stored in 303 findbags with a unique findcode (table 3.1). 

Each findcode represents a specific feature and/or a specific moment when the material was 

collected. The majority of the fragments (n=1213) were recovered through sieving excavated 

soil with a mesh size of 1cm. 280 fragments were recovered during the documentation of 

features or excavation levels. For the remaining fragments, the recovery method is either 

unknown or by surveying the soil debris. 

203 of the 303 findbags were included in this research. The remaining 100 findbags 

were deselected for this research because (a), the findcode did not include any pre-industrial 

window glass, or, (b,) the findcode did not include any fragments with diagnostic features (e.g. 

production marks, colour or decoration) and the findcode is not related to any specific context. 

The glass fragments from the 203 findbags comprised of 1702 fragments, of which 1104 are 

selected for this study. The contents of each findbag were photographed in their totality. 598 

fragments were deselected for further analysis after this overview photograph. For findcodes 

with 100+ count, the sherds were grouped in three categories on visual appearance: 1. (semi-) 

transparent and thin (0.5-2mm); 2. transparent thick (2.1-5mm); 3. thick opaque. Of each 

category between 30 and 60% were deselected for further analysis due to the time constraints 

of this study in combination with the limited merit of including all finds for further analysis. 

The remaining 1104 sherds are individually recorded on macroscopic properties.  

 

 

 

 Findcodes Total number of finds/measurements  

Total window glass finds 303 1892 

Selection 203 1104  

Finds provided with HH-

XRF 
- 1065 

Number of HH-XRF 

measurements 
- 1242 

SEM-EDS - 12 

Micro-XRF - 13 

2D-XRF scan - 7 

Table 3.1. Find selection from Yesse and number of selected finds for HH-XRF, SEM-EDS and Micro-

XRF analyses.  
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Appearance and storage condition 

1086 of the 1104 glass sherds are recorded as colourless. Most of the colourless fragments have 

an orange-brown to black colour due to weathering. When the unweathered fragments were 

observed, the colourless fragments had a light blue or light green hue. 18 fragments are 

coloured. Two fragments are of a flashed red glass, 16 fragments have a blue to blue-green 

colour. The blue and blue-green coloured fragments vary greatly in type and degree of 

weathering. 189 of the 1104 recorded sherds contain remnants of (multiple layers) of paint. 

These appear primarily in two colours, white (n=98) and red/purple (n=77). Other recorded 

colours are grey/black (n=17), pink (n=11) and orange (n=6).  

Since all glass is excavated in moist or wet conditions, the aim was to store the glass in 

wet conditions (a sealed findbag with water). However, during the macroscopic examination, 

it appeared that several finds were either stored in dry conditions or the water evaporated in 

storage. A selection (98 finds, deriving from 85 findnumbers) of the glass finds from the 

excavation campaigns in 2017-2019 has been conserved, i.e., mechanically and chemically (5% 

formic acid in aqua dest. under current 7,3 V; ethanol) cleaned and impregnation with 10% 

Polaroid B72 in 15% acetone (LCM 2020, 1). For the present study a further 22 finds have been 

preserved, to ensure stability this time in a 20% polaroid B72, 15% acetone solution.  

  

3.1.3 Window glass from Martinikerkhof and Kattendiep 

Two archaeological sites in the city of Groningen (Martinikerkhof and Kattendiep, fig. 3.2) are 

included in the present study for comparative purposes. 22 glass sherds from Martinikerkhof 

and 4 from Kattendiep are studied. These 26 sherds are documented and analysed in an 

identical manner to the material of Yesse. The total number or weight of excavated window 

glass at these sites is unknown, in absence of a digital inventory of the finds.  

Martinikerkhof 

Martinikerkhof is located in the city centre of Groningen adjacent to the Martinikerk, the oldest 

church in the city. The location yields some of the oldest signs of habitation, dating back to the 

roman age (Schoneveld 1990, 237). Remains of a 13th century A.D. ‘Steenhuis’ (stone house), a 

typical stronghold in this region indicated the importance of this region (Schoneveld 1990, 

250). The stained glass originates from the Martinikerk, a church that first erupted in stone 

around 1000 A.D and rebuilt in brick in 1220 A.D.  

The selection from Martinikerkhof is first of all motivated by the overall morphological 

similarities to the material of Yesse. Secondly, attention was paid to including different window 

styles (solely based on visual inspection), to create an understanding of the variety of glass 

present on a regional level. The majority of the material was badly weathered and stored in dry 

condition. Most of the fragments were not conserved, as a result, the material was very fragile.  

  Kattendiep  

During excavations in the city centre of Groningen in 1986 and 1987, the remains of a glass 

furnace were found dating to the 17th century A.D. (Kortekaas 1988, 10). Material from 

Kattendiep is included to understand the glass supply in Groningen following the monastic 

age. Advances in painting and glass melting techniques include a wider variety of stains and 

colours.  

Glass production in the Netherlands during the late 17th and early 18th centuries A.D. is 

characterized by failures, often only existing for a few years (Henkes & Stam 1988, 195). The 

few sherds included from Kattendiep are considered the first locally produced glass (van 

Gangelen 1988, 175). The glass production in the northern Netherlands in the 16th century was 

still under supervision by Italian craftsmen with their soda-glass. However, slowly the Dutch, 
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German and English took over the supervision and by the end of the 17th century, the French 

had a great influence (Henkes & Stam 1988, 195). 

Because of the amount of glass and the type of glass found at the site, it is believed that 

this glass workshop recycled glass for their glass production and the window glass remains are 

considered imported ‘raw material’ for recycling purposes (Henkes & Stam 1988, 196; 

Schoneveld & van Wijhe 1988, 232). It is thus believed that the window glass was not originally 

produced in Groningen, but in the Rhineland or Central Europe before ending in the local 

recycling production in Groningen.  

 

3.2 Methods 
The study aims to understand the variety and quantity of the window glass found at the 

monastery in relation to the spatial layout of the monastery, the chemical composition and the 

morphologically recognizable traits of the archaeologically recovered fragments. Different 

methods and techniques were applied to gain insight into the production, appearance, and 

meaning of the window glass.  

3.2.1 Inventory 

The total number of archaeological trenches between 2010 and 2021 is 40. These vary in size 

from 0.5 by 1 meter to 4 by 40 meters. Since only the material from the archaeological 

campaigns between 2017 and 2021 are included in this research, the recovered material from 

trench 1 to 10 (van Hoof 2012) is not discussed. The majority of the window glass is recovered 

from trench 35 (n=798), trench 33 (n=507) and trench 20 (n=222). 

 

Figure 3.2 Map of Groningen with the three sites presented in this research. A: Yesse, B: Kattendiep, 

C: Martinikerkhof (After: Google n.d.) 
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3.2.2 Macroscopic properties 

The first phase was to acquire a detailed inventory of the material. Although there is a field 

database that provides the category, weight, and count per findcode, the data proved to be 

flawed, incomplete and not detailed enough for the present study.  

The selected 1104 fragments were recorded on their macroscopic properties (fig. 3.3) to 

allow detailed analyses at a later stage. In the window glass of Yesse, nine deterioration 

expressions are distinguished based on the visual examination of the glass. One sherd can show 

various deterioration expressions. The expressions are described as: (1) black opaque gel-layer, 

(2) iridescence, (3) depositions of iron minerals, (4) flaking off of top layer, (5) dulling, (6) 

craquelure, (7) surface concretion, (8) pitting, (9) micro-organisms (Wieske 2022).  

 

All findnumbers selected were photographed in their totality. The fragments selected for this 

research are additionally photographed individually or in groups of three to five (numbered 

from left to right).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 Analyses of the chemical composition  

HH-XRF  

To investigate the chemical composition of the glass, the majority of the glass fragments 

(n=1065) were analysed with an HH-XRF (Hand Held Xray fluorescence) measuring the 

surface of the glass fragments (appendix 1). 39 finds were unfit for XRF measurements because 

of a size under 8mm, the fragile state of the find or severe surface concretion rendering an XRF 

measurements useless. The aim was to obtain of each selected glass fragment a measurement 

of the unpainted and if present painted, stained, or, flashed, surface. Of the painted or flashed 

fragments, two or more (depending on the colour and type of decoration) measurements were 

taken, each indicating the measurement spot. Since almost all glass fragments show a degree 

of deterioration, the measurement spot is ascribed to a deterioration state (0 = no visual 

deterioration, 1 = visual deterioration, and 2 = hardly any visual deterioration). If a certain 

 

Name file: Yesse_3787BYZGL.1(1). 

 

 

 

Properties:  

Weight: 3,72 g. 

Thickness: 2,5mm 

Diagnostics: paint (white) 

Colour: green 

Opacity: yes 

Picture: yes 

Weathering: 3 

Conservation: wet 

Remarks: painted on both 

sides.  

 

Figure 3.3. Example of macroscopic recording of a glass fragment.  
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weathering expression fell within the measurement area, this number of the weathering 

expression was also recorded.  

The chemical composition of the glass was obtained with a Thermo Scientific Niton 

XL3t energy-dispersive hand-held XRF analyser, equipped with a silicon drift detector and a 

beam of 8mm. Analyses were performed in its portable test stand following the procedure 

described in Huisman et al. (2017). ‘Cu/Zn-mining mode’ was used on the analyser, with a 

measuring time of 110 seconds, using 4 sequential settings: Main (V to Ag including L-lines for 

Pb) at 50 kV, 40 mA, Low (K to Ti) at 20 kV 100 mA, High (Cd- Ba) at 50 kV, 40 mA, and Light 

(Mg to Cl) at 8 kV 200 mA. The detection limit is automatically determined with each 

measurement as three times the standard deviation of the background. Analyses below this 

detection limit were automatically set to “0”. For details on calibration see Huisman et al. 

(2017).   

Micro-XRF 2D scan 

A two-dimensional elemental map of 7 painted fragments was acquired using the Bruker 

CRONO micro-XRF analyser at RCE in Amsterdam (appendix 2). This analyser has the ability 

to create an elemental map of the measured surface by detecting the XRF signals at each spot 

(resolution up to 0.5mm). The acquisition mode was ‘Mapping’ at 50 kV and 200 mA.  

SEM-EDS  

To better understand the micro-texture and structure of the glass, 12 fragments were prepared 

for SEM-EDS analyses at the Faculty of Science (FSE) of the University of Groningen (appendix 

3). Measurements are performed with a JEOL 6300 scanning electron microscope (SEM). The 

measurements were taken with a Low Vacuum Detector under Low Vacuum Mode, Working 

distance between 4.8 and 5.9mm, 14 kV and a spot size 4.0. With this technique, a sample is 

irradiated with electrons with a finely focussed electron beam (JEOL n.d.) resulting in the 

emission of secondary electrons, backscattering of high energy primary electrons and creation 

of element-specific X-rays.  

Sample preparation SEM-EDS 

The fragments selected for SEM-EDS sampling were submerged in an ethanol solution 

(percentage) five times for half a day to extract all the water from the glass. Subsequently, the 

sherds were submerged in a polaroid B-72/ethanol solution. Respectively in a 5%, 10% and 

20% B-72 in ethanol solution. The conserved sherds are stable and free of water.  

Of 12 sherds one side (cross-section) was sanded and polished on a grinding wheel 

using the following grinding and polishing discs: diamond grind 200; diamond grind 500; 

Corundum 600 and felt with cerium oxide (CeO2) as a polishing agent.  
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Chapter 4. Results 
 

4.1 Spatial spread 
Window glass is found throughout the monastic site of Yesse. 81 % of the window glass was 

recovered from trench 20, 33 or 35 (fig. 4.1). The quantity of window glass found is influenced 

by the methodology applied for each trench. For trenches 33 and 35, wet sieving was applied 

instead of dry sieving increasing the speed at which material could be recovered. For trench 20 

and 35, the majority of the glass finds originate from one feature in the trench. After initial 

excavation, the debris of the feature was sieved to obtain as many context-related finds as 

possible, resulting in a high number of finds.  

 Trench 20 

Trench 20 was excavated in 2019 to better understand the layout and uses of the eastern 

corridor of the cloister. The trench was 40 by 2 meters, several north-south oriented linear 

features confirmed the location of the eastern corridor of the cloister (Arnoldussen 2019b, 2). 

During this fieldwork campaign, the excavated soil from the trench was continuously sieved 

(dry 1cm) with the aim to retrieve as many archaeological finds from the soil as possible. 46 

finds were documented within their archaeological context of which 40 were from feature 16. 

Feature 16 is a robber-trench, a wall-line filled with monastic rubble. After the discovery of a 

relatively high number of stained glass, the filling was systematically sieved. 

Trench 33 & trench 35 

In 2021, the area north of the cloister was investigated (fig. 4.1) with a set of trenches (trench 

32-36). Based on a radar survey and an earlier excavated trench (2010), there was reason to 

believe the remains of monastic buildings were present at this location. 

Trench 33 covered the largest area (29 by 2 meters, plus two extensions north to the 

trench of approximately 8 by 3 meters (Arnoldussen 2021b, 2). The complex stratigraphy 

Figure 4.1. Spatial spread of the window glass recovered at Yesse.  
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revealed different building phases in this area. Feature 14, a linear ditch filled with rubble and 

organic soil contained large quantities of window glass. For this reason, the soil debris of 

features 10, 14 and 15 (features 10 and 15 are suspected to belong to the feature 14) was sieved 

(wet 1cm) continuously during the fieldwork campaign. Since the soil from these features was 

retrieved after initial excavation, it was impossible to separate the soil from adjacent features. 

A total of 514 glass finds are recorded for trench 33, of which 437 are ascribed to either a 

specific context or retrieved from the sieve (including 10 and 14 and 15). 

Trench 35 is located just north of trench 33. The trench (12 by 2 meters) contained a 

3.5 meters wide parallel feature with a north-south orientation (Arnoldussen 2021a, 1) Most of 

the material origins from feature 1 of trench 35 (n=795). The nature of this feature is a ditch 

with two types of fill. The first was a dark humic soil type, a natural debris of the ditch when it 

was in use. On top of this was a rubble and material rich fill. Most of the glass finds were 

recovered from this secondary fill. Because of the high concentration of finds, the soil of this 

feature was sieved with water (1cm). Of the total 800 glass finds ascribed to trench 35, 791 can 

be ascribed to feature 1. 

 

4.2 Morphological traits  
During the macroscopic documentation, the morphological traits were recorded for each 

sherd. These include thickness, colour, production marks, shape and the presence of fire paint.  

The thickness of the window glass varies greatly from 0.3 to 5.2mm with an average of 2.33mm. 

Figure 4.3 shows the spatial distribution in relation to the thickness divided into five different 

classes. The majority of the window glass from Yesse is recorded as colourless. In total 18 

sherds have been recorded to have a different colour, 16 are green-blue to blue (fig. 4.5), and 

the remaining two are red glass fragments (fig. 4.4). It should be noted that due to the severe 

weathering on most fragments, some of the coloured fragments might not be recognized during 

inventory (fig. 4.3). The red fragments are on first inspection hard to distinguish from ‘painted’ 

red fragments. Some blue coloured glasses are extremely weathered, resulting in a brown to 

black colour visually very similar to the colourless weathered fragments.  

Figure 4.2. Thickness of the window glass at Yesse in relation to the spatial spread of the 
glass.  
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  Production marks 

Production marks of both crown and broad glass have been recorded (table 2.1). On 64 

fragments the edge of a glass sheet has been observed, both in a straight (broad) and curved 

(crown) shape. Find 3839BYZGL.2 reveals a curved edge, find 3787BYZGL.30 is illustrative of 

a straight glass edge (fig. 4.6C/E). Due to the small size of the sherds, it was often not possible 

to determine the shape (curved or straight) of the edge. Find 509GL.1 and 3787GL.57 reveal 

concentric marks on the glass fragments. Pip-marks and scratches related to the production 

process have been observed on the fragments of Yesse. No bullions and no pontil or plier marks 

have been recorded for the material of Yesse. Some of the production marks were only 

recognized at the end or after the inventory and macroscopic documentation. Therefore the 

exact number of sherds with pip-marks and scratches has not been recovered.  

  Production flaws  

Incisions or cracks on the sherds have been observed on 16 of the fragments. These incisions 

do not always fully cross the surface. Furthermore, an orange stain has been observed on find 

678GL.1 (fig. 5.3). 

Figure 4.5. Blue and blue-green coloured 

window glass fragments from Yesse. Finds from 

top left to right bottom.: 3905GL.111, 

3297BYZGL.12, 3905GL.124, 2877BYZGL.5. 

Figure 4.4. Cross-section of a fragment 

with ‘flashed’ red. Find: 3905BYZGL.4. 

thickness 2.1 to 4.1 mm. 

Figure. 4.3. Examples of the degree of discolouration in the glass fragments due to weathering. 
Left, 2961GL.3, middle, 3200GL.26, right, 3026GL.1.  
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Shape of the glass panes 

On 64 fragments an edge of the glass plate has been recognized. On a further 492 sherds, one 

or more grozed edges are documented. Of three fragments all sides are modified with a grozing 

iron, retaining the original shape of the pane (fig. 4.7). There are several finds with two or three 

Figure 4.7. Glass panes in their original shape. Finds f.l.t.r: 1995GL.1, 3208GL.20, 3500GL.1. 

Figure 4.6. Crown (A-D) and broad (E-F) marks in the collection of Yesse. A/B: concentric marks 
(509GL.1 & 3787GL.57). C: curved edge glass sheet (3839BYZGL.2). D: elongated bubble typical for 
crown glass (3093BYZGL.1). E: straight edge glass sheet (3787BYZGL.30). F. scratches by flattening 
tools used for broad glass (3515GL.1). 
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defined edges indicating a rectangular (fig. 4.8), rounded (A-D in fig.4.9), triangular (E, F, G) 

or diamond shape (H, I).  

 

 

 

Figure 4.8. Glass panes in their original shape. Finds f.l.t.r: 1995GL.1, 3208GL.20, 

3500GL.1 

Figure 4.9. Glass fragments with grozed edges indicating an original shape. Defined edges are 

indicated with grey arrows. A: 3297GL.33, B: 2930GL.1, C: 3345GL.2, D: 1448GL.1, E: 

2374GL.3, F: 2999GL.1, G: 367GL.1, H: 507GL.1, I: 119GL.1. 
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Fire Paint  

All paint is applied on the exterior side of the glass. In a few cases, paint is applied on both the 

exterior and interior side of the window pane. Although the material is very fragmented and 

weathered, certain patterns can be recognized in the fire paint 

 On 11 sherds a definite foliate pattern has been observed. 10 reveal fragments of a leaf 

shape (see fig 4.10), one is a more general foliage (1800GL.1) pattern on a border pane (fig. 

5.4). Another common trait observed on the painted fragments is the crosshatch pattern. This 

pattern has been observed on 12 fragments, of which ten are in white paint and two in red (fig. 

5.18). Another interesting pattern is a letter-like decoration observed on nine sherds (fig. 4.11).  

 

 

In the material of Yesse, Five sherds 

reveal a pattern and shape in line 

with panes situated at the edge of the 

panel (fig. 5.3). The border panes 

were originally situated around the 

perimeter of the panel. 

A figural depiction has been 

observed on several fragments. Find 

3483BYZGL.1 has a feather-like 

painting, and  find 3787BZYGL.18 

depicts part of a seven-pointed star 

or rosette (fig. 5.6). On two sherds, a 

column shape is recognized in the 

painting. For find 2073GL.5, this 

became apparent with the 2D-XRF 

scan (fig. 4.12)  
Figure 4.11. Glass sherds with a letter like depiction. 

From top left to bottom right: 2877BYZGL.1, 

3905BYZGL.21, 3297BYZGL.11, 3297BYZGL.10, 

3905BYZGL.15. 

Figure 4.10. Sherds with a leaf pattern. From top left to middle bottom: 3905BYZGL.13, 

3905BYZGL.20, 3905BYZGL.1, 3905BYZGL.11, 3519GL.1, 3905BYZGL.2, 3787BYZGL.14. 
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4.3 Chemical composition of the glass 
The results of the HH-XRF, Micro-XRF 2D scan and the SEM-EDS are available in the 

supplementary data, appendix 1, 2, and 3 respectively. For the material of Yesse, 1035 HH-

XRF measurements are taken on the colourless surface, the remaining 276 measurements are 

on coloured glass (total 18, blue=16, red=2), on plaster/putty remains or lead stain (16), or on 

paint remains (189).  

To determine the glass-types present, the elements potassium (K2O), calcium (CaO), 

rubidium (Rb2O), strontium (SrO), phosphor (P2O5), silicon (SiO2), sodium (Na2O), chloride 

(NaCl), manganese (MnO) and antimony (Sb) were studied. The provenance has been 

determined with analyses of calcium (CaO), magnesium (MgO) and phosphor (P2O5). To 

understand the coloured and painted fragments analysis focussed on cobalt (Co), copper (Cu), 

antimony (Sb), lead (Pb), and silver (Ag).  

 

4.3.1 Colourless glass 

The CaO:K2O ratio of the unweathered measurements (n=109) on colourless glass varies 

between 1.9 and 16 (fig 4.13). Two glass types have been recognized in the material of Yesse. 

The division of the two glass types is most evident in the relation between the trace elements 

Rubidium and Strontium: one group with a high SrO:Rb2O ratio the other with a low SrO:Rb2O 

ratio. The phosphor levels of the unweathered measurements vary between 0.07 wt% and 16.7 

wt%, the majority (106 out of 109) falls within the range of 0.3 wt% and 8.5 wt% For an 

overview of the elemental composition of all finds, appendix 1 can be reviewed.  

Figure 4.12. Figurative painting depicting a column. Left: collection Annemiek Bos, middle: 

2073GL.5, right: 2D XRF scan on the element lead (Pb).  
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4.3.2 Blue and red glass 

The blue and green-blue fragments (n=16) vary greatly in chemical composition with elevated 

concentrations of either cobalt, copper or lead or a combination of two of these elements. The 

two red glass fragments (3905BYZGL.4 & 3905BYZGL.121) have a built-up of a relatively thick 

layer of colourless glass with a thin opaque red layer on one surface. Both fragments contain 

elevated levels of copper.  

 

4.3.3 Paint 

Both the white and red/purple coloured paints contain high levels of lead, iron and copper, 

although the relative amount of lead in the white paint is much higher (table 4.1; fig 5.13). On 

most of the painted sherds, a single layer of paint is recognized. On a few sherds, multiple 

layers of paint were observed revealing a different painting technique.  

 

 

 

Figure 4.13. Chemical composition of the window glass from Yesse based on the main elements 

potassium and calcium and the trace elements rubidium and strontium. A: relation between CaO 

and K2O and in the two glass types recognized through high potassium levels (blue) and low 

potassium levels (yellow). The numbers in the graph indicate the CaO;K2O ratio. B: relation between 

the trace elements Rb2O and SrO.  

Compound White paint Reddish paint 

Pb min. 626 ppm 105 ppm

Pb max. 342145 ppm 48824 ppm

Cu min. below detection limit below detection limit

Cu max. 31809 ppm 9730 ppm

Fe2O3  min. 0.24 (wt%) 1.25 (wt%)

Fe2O3  max. 5.9 (wt%) 22.2 (wt%)

Table 4.1. Abundance of fire paint related elements. The concentration of each compound is 

influenced by the composition of the base glass, the density of the applied paint and the weathering 

degree resulting in a wide range of each element available in the glass.  
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4.4 Regional scale: Martinikerkhof and Kattendiep 
18 sherds from Martinikerkhof are colourless, sometimes with a hint of blue or green, others 

brown due to weathering. Four sherds are coloured, two blue and two red. The thickness of the 

sherds varies between 1.5 and 3mm with an average of 2.4mm. The shape of the panes varies, 

rectangular edges, as well as round and odd edges, have been observed. 18 of the 22 sherds 

contain one or multiple layers of paint. A variety of colours is present: white (n=5), pink (n=6), 

red/purple (n=4), brown/grey (n=5).  

All four selected sherds from Kattendiep are colourless with a hint of green or blue. The 

thickness is between 1.4 and 2mm with an average of 1.75. On one find (K74.1) a rectangular 

shape can be reconstructed, for the other three finds the shape remains undefined in the 

absence of definite edges. All four finds contain one or multiple layers of paint. Contours and 

inscriptions are painted in dark red-brown paint. The painting style of K74.3 and K74.4 is very 

detailed including a variety of colours (blue, pink, yellow, purple, orange and black).  

The division of two glass types observed in the material of Yesse has also been observed 

in the material of Martinikerkhof (fig. 5.23). The material from Kattendiep coincides with the 

same chemical ranges, but not evidently two groups have been observed.  
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Chapter 5. Discussion 
 

5.1 Spatial analysis  
The large quantities of glass in trench 33 and trench 35, as opposed to the trenches in and near 

the cloister (fig. 5.1; fig. 5.26), is remarkable considering the cloister and chapel would be the 

primary places for glazing. This number of finds north of the cloister can partly be explained 

by the different methods applied for sieving (wet instead of dry), which speed up the process 

and increase the visibility of the finds. However, features in trench 33 and 35 were sieved 

because of their high density in material (including pottery, bone and glass). The number of 

finds recovered is thus a combination of applied methodology and the type of feature. Since 

the window glass from trench 33 and 35 included painted and coloured fragments, it can be 

expected that these windows belonged to the cloister (Hayward 1973, 94) and were, after 

construction work, dumped in a former ditch north of the cloister.  

5.2 Morphological traits & glazing styles at Yesse 

5.2.1 Thickness and production marks 

When studying the thickness of the glass, it can be concluded that the classes in thickness are 

not evenly distributed throughout the monastic site. Trench 20 and trench 33 follow the 

expected relative presence of the different classes, however, the material from trench 35 

mirrors the expected thickness as opposed to the total average. (fig. 4.2). The material 

recovered from trench 35 is relatively thick (2.78mm) considering the overall average of 

2.33mm. This contrast in thickness becomes even starker when the average thickness of the 

glass finds from the trenches near the cloister (1.90mm) are compared to the finds north of the 

cloister (2.52mm). The thickness of pre-industrial glass is not uniform. With broad glass, it 

varies greatly within the glass sheet and for both broad and crown glass it can vary between the 

glass sheets (Martlew 2008, 62; personal communication H. van de Water, December 4, 2021). 

Figure 5.1. Spatial spread of the window glass finds in Yesse. The brown square is an indication of 

the location of the cloister and the chapel. 
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It is therefore hard to determine the type or age of glass finds based on the thickness alone. 

What is evident from the material of Yesse is the pattern in the relation between the thickness 

of the glass, the chemical composition and the spatial spread of the material discussed further 

in chapter 5.3.  

Production marks of both crown and broad glass have been recorded on the material of 

Yesse. Based on the material from Yesse it cannot be concluded whether crown/broad glass 

can be related to a certain thickness. What appears to be the case is that the thickness relates 

to the knowledge, traditions and techniques applied within a glass workshop  

Production flaws 

Find 3905BYZGL.1 offers an interesting insight into the glaziers work cutting and painting the 

glass sheets in the required designs. Paint has been observed on both sides following the same 

pattern, very prominent on the interior side and hardly visible on the exterior side. The latter 

is applied on the exterior side of the pane, after removing the glass pane from the design table 

with the desired design on it. The design would be sketched on the exterior of the glass and 

then held against the sunlight before applying the paint on the interior side. The paint on the 

exterior side would be removed before firing, sometimes remains would be left behind leaving 

a permanent imprint after the firing process (Brown 2019, 17; fig. 5.2). 

 

Find 678GL.1 contains an orange stain on the exterior side of the glass fragment, covered partly 

by a colourless glass layer (fig. 5.3). The origin of this stain can be related to the production 

process of the glass since the glass has taken this shape during the cooling phase of the glass. 

The colour would suggest a sort of oxidation, however, elemental mapping of the fragment 

revealed that the stain is of the same composition as the surrounding colourless glass.  

Figure 5.2. Find 3905BYZGL.1 with paint on the interior and exterior side. 
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One interpretation of this stain is that it is a production mistake. During the cooling down of 

the broad glass in a kiln, something fell on the glass and was removed taking part of the surface 

glass layer.  

Several fragments have incisions in the glass. Upon macroscopic documentation, it was unclear 

whether these incisions were related to the weathering of the glass or to the production of the 

glass. Find 2885GL.4 had two incisions which are studied in more detail (fig. 5.4). To one of 

the incisions, air bubbles had surfaced to the bottom, which could only happen if the glass was 

Figure 5.3. Production mark on 678GL.1, depressed orange stain on glass fragment. A: 

macroscopic picture of the exterior and interior side of the glass fragment. B: microscopic picture 

of the polished cross-section. Its shape suggest that the glass was cooled down in this shape, 

thickness 1.8mm (left), 1.3 (right). 

Figure 5.4. Production mark on find 2885GL.1. A: macroscopic picture, B: close up on one of the 

incision revealing surfaced bubbles on the edge of the incision. C: microscopic picture of the 

polished cross- section, thickness 1.2 (left) to 3mm (right) 



 

35 
 

hot. One interpretation proposed by J. von Dömming (personal communication, December 4, 

2021) was that these incisions were cut deliberately in the glass and then filled with paint to 

create a depiction on the glass. If this is the case, remains of fire paint can be expected in the 

filling of these incisions. The results of the SEM-EDS revealed that there were no elevated 

levels of copper, lead or iron that could be related to paint remains. Copper and lead were below 

the detection limit. The dark lines in the fillings were measured on two spots revealing high 

levels of iron (9.7 and 2.9 wt%) and manganese (3.3 and 7.1 wt%; fig 5.4B, for full report see 

appendix 3) which can be related to weathering and the influence of the soil composition. 

Another explanation is that these incisions were caused during the cooling and flattening of 

the glass sheet in the kiln. 

 

5.2.2 Glazing styles in the monastery of Yesse 

Blankglazing        Ca. 1215 – 1300 

Before 1250 A.D., the blankglazing style is the only known style within the Cistercian 

architecture. Although the majority of the glass sherds from Yesse are colourless without 

painting, it is hard to ascribe these colourless sherds to a certain window design. The sherds 

with a recognizable shape of the pane (fig. 4.8) could belong to these early 13th century A.D. 

windows in Yesse coherent with a blankglazing style. The building materials used for this first 

monastic phase and the extent and role of glazing remain to a large extent unknown. If this 

first monastic phase was enhanced with glass windows, there is reason to believe that the 

window would adhere to the blankglazing style typical for 13th-century Cistercian window 

design.  

  Introduction of paint: conventionalized patterns  Ca. 1250-1400 

Starting around 1250 A.D., painted window glass in Cistercian context is characterized by a 

thick contour paint (grisaille à contourner) creating a one on one contrast between the painted 

and unpainted segments of the glass. Shade was created by the presence or absence of a 

crosshatch pattern. This crosshatch pattern disappears during the following figural glazing 

style when a different painting technique was applied to create shade (grisaille à modeler). 

Leaf patterns painted on the windows were also characteristic of this style. Within the 

collection of Yesse, four leaf patterns can be recognized, two varieties of vine leaves and two 

varieties of an oak tree were observed (fig. 4.10). Five sherds2 have a similar leaf shape and 

were recovered from the same archaeological feature (feature 1, trench 35), suggesting that 

they once belonged to the same window.  

Although not exclusively represented by this window style, the outer panes of a panel 

often contain a conventionalized repetitive pattern. Five sherds from Yesse belong to such an 

outer pane (fig. 5.5). A foliate pattern is expressed in one of the border motives. From the 13th 

century A.D., monastic glaziers took manuscripts as ‘approved’ decorative painting designs. A 

find at Yesse (1800GL.1) expresses such a conventionalized foliage pattern, which can also be 

observed in the Great Bible of Clairvaux dating between 1125 and 1150 (Hayward 1973, 96; fig. 

5.6). While the origin of these patterns can be sought in manuscripts, their symbolism 

resonates on a deeper spiritual level. The ‘tree of life’ and the ‘lily’/fleur de lis (often observed 

in window glass designs) serve as paradisal devices (Reuterswärd 1985b, 148). It is reasonable 

to argue that the conventionalized foliage patterns observed in the glass fragments from Yesse 

glass convey a Christological connotation (Reuterswärd 1985b, 148). The imagery of medieval 

mosaics offers comparative patterns. A section of the floor mosaic at Sorde (north of Paris) is 

 
2 Find 3905BYZGL.1, -2, -13, -19 &-20 
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covered completely by vines, a clear reference to Christ (Reuterswärd 1985a, 102), with striking 

similarities with the vine leaf-patterned window glass in Cistercian monasteries. 

 

Stylistic shift, loss of Cistercian character   Ca. 1350-1594 

The introduction of figures and colour in the windows of Yesse could have taken place take 

place as early as the late 13th century A.D. following the main chronology of Cistercian glass 

styles. However, a figural representation this early in Yesse is unlikely considering the 

composition of the figural glass sherds which is compatible with glass dating from the 14th 

century and onwards. The implications of the chemical composition of the glass will be further 

discussed in chapter 5.3. The window dating to this later monastic phase can be recognized 

through one or more morphological, technological, political, and stylistic changes of the 14th 

century: (1) the use of silver stain, (2) multiple paint layers, (3) indications for donors, (4) 

remains of a figural depiction, and (5) the use of coloured glass.  

 Silver stain 

Silver stain had not been visually recognized on the material from Yesse. Elevated levels of 

silver in the XRF measurements do suggest the use of silver stain. This will be discussed in 

5.4.2 

  Multiple paint layers 

The use of multiple paint layers is hard to recognize on archaeological material. Some 

fragments reveal several layers of paint, a combination of both grisailles à contourner and 

grisailles à modeler (Machado et al., 2019, 72; fig. 5.7). This layering is often very detailed 

creating depth in the depiction (although mostly lost due to loss of transparency). Instead of a 

crosshatch pattern common in the conventionalized glazing style, different colours and 

painting techniques are used to create shade. 

Figure 5.5 (left). Presence of border motives in relation to trace elements rubidium and 
strontium. Top left to bottom right: 1800GL.1, 1995GL.1, 3073GL.1, 3787BYZGL.6, 
3297BYZGL.1. 
Figure 5.6 (right). Foliate motive as observed on find 1800GL.1 in Yesse (right) in comparison 
to a foliate motive on the letter A from the Great Bible of Clairvaux dating to the second quarter 
of the 12th century A.D. (After: Hayward 1973, fig. 1). 
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Letter-like depictions  

The sherds with a letter like depiction (fig. 4.11) could be explained through the potential role 

of donors whose names would often be painted 

on the panel. To what extent donors played a 

role in the glazing of Yesse is unknown. There 

are no surviving documents describing such a 

transaction for the nunnery of Yesse. Such a 

transaction is known for the St. Pieterskerk in 

Reimerswaal (the Netherlands). On November 

30th 1494 A.D., Filip I of Castile donated 120 

pounds for the construction of three important 

panels in the choir of the church (Damen 2005, 

140). What does remain in Yesse is the number 

of sherds that reveal a letter-like depiction (fig. 

4.11). Another scenario is that these letter 

fragments are not from the donors’ name but 

the remains of a biblical scripture pre-dating 

the figural period common outside the 

Cistercian order in the 12th and 13th centuries 

(Wentzel 1954, 17). This is, however, 

uncommon for the Cistercian glazing style.  

 

  Role of figural depiction  

Several sherds reveal figurative depictions on the glass (fig. 5.8). This group consists of painted 

sherd with a deliberate shape in depiction which cannot be evidently grouped in the organic or 

geometric style. There appears to be a pattern in the relatively thin (<2.5mm) sherds with 

red/purple paint and figurative painting. 

The two flashed red fragments from Yesse (3905BYZGL.4 & 3905GL.121) fall within 

the type B category where the colourless glass is covered by one or two relatively thick red 

layers. This type contrasts with type A, which consists of many thin red layers altered with 

colourless layers (Kunicki-Goldfinger et al., 2014, 91). Type B is introduced during the late 14th 

century, which is coherent with the introduction of figural depiction in Cistercian glazing. The 

Figure 5.8. Glass fragments with remnants of 

a figural depiction. Top left to bottom right: 

3905BYZGL.11, 3787BYZGL.18, 

3483BYZGL.1, 3905BYZGL.6.ZGL.1. 

Figure 5.7. A fragment (2073GL.6) on which multiple layers of paint can be recognized.  
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blue to blue-green coloured fragments vary greatly in overall appearance as well as chemical 

composition (5.3). It is expected that these sherds were part of a post 14th-century panel.  

 

5.3 Chemical composition of the glass 

 5.3.1 Chronology  

Colourless glass 

The majority of the material can be categorised as either wood-ash or HLLK glass, both sub-

categories of ‘forest and plant-ash’ glass common between the 9th and 19th centuries (Schalm 

et al., 2007, 664). In the present study wood-ash is defined for glass with a CaO:K2O between 

1.5 and 3, elevated levels of phosphor (P2O5 > 0.5 wt%) and the absence of chloride. HLLK glass 

is defined as glass with a CaO:K2O between 4 and 13 with elevated levels of phosphor (P2O5 > 

0.5 wt%; fig. 5.9). For the HLLK glass, mixed-alkali glass is recognized in the presence of 

chloride levels with the HH-XRF (Cl > 0.2 wt%) and the presence of sodium with the SEM-

EDS  analysis (Na2O > 5 wt%). Most measurements with the HH-XRF were taken on the 

weathered surface of the glass of which the chemical composition is significantly different from 

the unaltered core (Wieske 2022). The main minerals K2O and CaO were severely leached from 

the surface limiting the glass type analysis to the ‘unweathered’ measurements. Based on the 

unweathered measurements a wide variety in the CaO:K2O ratio can be observed ranging 

between 1.9 and 16.  

Since deterioration severely affected the main elements of the glass, the concentrations of trace 

minerals of the flux (Rb2O, trace amount of potassium) and the network stabiliser (SrO, trace 

element for calcium) were studied to distinguish the wood-ash from the HLLK glass including 

the weathered measurements. The HLLK glass is categorized through relative low Rb2O levels 

(between 50-250 ppm) and the unweathered wood-ash glass by relative high Rb2O levels 

(between 400 and 700 ppm) compatible with the relatively high levels of potassium. As 

potassium is leached from most weathered surfaces, the concentration of rubidium is also 

affected but to a lesser extent (fig. 5.10). An interesting observation is that the measurements 

on unweathered glass fragments (or unweathered spots on fragments) fall largely within the 

HLLK glass. This indicates that wood-ash glass is more prone to deterioration than the HLLK 

Figure 5.9. A: relation between K2O and CaO in wood-ash glass (blue) and HLLK glass (yellow). B: 

glass type categorisation based on the levels of phosphor and the CaO:K2O ratio (After: Stern & 

Weber 2009, 113).  
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type, related to the relatively high levels of potassium present in wood-ash glass (Wieske 2022; 

Davison & Newton 2003, 175).  

 

When the thickness of the glass is analysed in relation to the levels of Rb2O and Sro, it becomes 

apparent that the thinner sherds are predominantly of the HLLK glass type and the thicker 

sherds of the wood-ash glass type (fig. 5.10B). This pattern is illustrative of the two main glass 

types observed in Yesse, however, the thickness of a glass sherd should not be the sole indicator 

of the origin or age of the fragment. It is unremarkable that glass dating to an early monastic 

phase is relatively thick as opposed to the glass from a late monastic phase centuries later. It 

can be argued that glass would be produced in a different place and at a different time with 

different knowledge, traditions and techniques at hand, resulting in on average thinner sherds. 

  Wood-ash glass 

There are nine unweathered HH-XRF measurements on wood-ash fragments offering insight 

into the unaltered composition of this glass type (fig. 5.12). None of these fragments is 

unweathered, the thick gel-layer fell off exposing the unaltered core allowing a measurement 

of the core of the glass (fig. 5.11). This early window glass is particularly prone to weathering, 

as most measurements were taken on weathered gel-layers the Rb2O and SrO concentrations 

dropped significantly. However, these nine 

unweathered wood-ash glass measurements 

reappear as a separate group throughout different 

elements (fig. 5.12). They reveal the original high 

levels of potassium characteristic for wood-ash 

glass, and the absence of chloride (trace element 

sodium) related to mixed-alkali (HLLK) glass. 

 

 

Figure 5.11. Example of loss of gel-layer on wood-

ash glass leaving an exposed core. On the right 

bottom corner is a small remainder of the gel-layer. 

Find: 1158GL.1 

Figure 5.10. Relation between the elements Rb2O and SrO in the HH-XRF measurements on the 

material of Yesse. A: different degree of weathering. B: thickness of the glass fragments.  
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HLLK glass 

Since the HH-XRF does not measure sodium concentrations, chloride is used as an indicator 

for the presence of sodium chloride (NaCl) in the glass. For the present study, sherds are 

categorized as mixed-alkali when the unweathered measurements reveal a chloride level 

greater than 0.2 wt% (fig. 5.12C). The presence of chloride indicates the addition of a second 

flux (NaCl). The compounds K2O and Cl have a negative relation in HLLK glass: glass richer in 

NaCl tends to be lower in K2O. This suggests that the relative amounts of starting materials 

rich in sodium and rich in potassium were not chosen independently (Schalm et al., 2007, 667).  

 

Comparing the wood-ash glass from Yesse with the mixed-alkali glass, four of the five chemical 

indicators for the transition from wood-ash to HLLK (in this case represented by mixed-alkali) 

are valid: the silica concentrations increase slightly (B), potassium levels drop (A/B), there is 

an increase in the CaO:K2O ratio (fig. 5.12B), and there is an introduction of NaCl as a fluxing 

agent (Fig. 5.12C).  

Figure 5.12. Chemical composition of the window glass from Yesse 

with the mixed-alkali and wood-ash glass types highlighted in 

different elemental relations.  
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SEM-EDS analysis3  

Of 12 sherds the polished cross-section is 

studied with the SEM-EDS to gain insight 

into the chemical composition of the 

unaltered core including lighter elements not 

detected by the HH-XRF (in particular 

sodium). Five of the samples can be 

categorized as wood-ash (Na2O levels < 0,8 

wt% and an absence of Cl). Five fragments are 

identified as mixed-alkali with SEM-EDS 

analysis glass by the abundance of sodium 

(5.9-10.2 wt% Na2O) and chloride (0.2 -0.5 

wt% Cl). Two sherds (3073GL.1 and 

3905BYZGL.17) have an extremely low 

CaO:K2O ratio (0.82 and 0.97) and relative 

high phosphate levels (8.2 and 2.7 wt% P2O5) 

compatible with a wood-ash glass type. 

However, both sherds reveal the presence of 

both Na2O (1.35 and 0.54 wt%) and Cl (0.2 

and 0.1 wt%) which would suggest the use of 

both potassium and sodium as a flux.  

Both red flashed fragments (3905BYZGL.5 

and 3905GL.121) were analysed with the SEM-EDS, confirming elevated levels (1.1 and 0.6 

wt% respectively) of copper in the flashed red layer on the glass.  

Strikingly the levels of K2O are significantly higher than the unweathered HH-XRF 

measurements (fig. 5.13). This significant difference in the abundance of potassium can be 

explained through the different data acquiring settings on the XRF and the SEM-EDS. Both 

the XRF and the SEM-EDS do not measure every element and thus a true 100% is never 

achieved in either method. The XRF does not calculate back to 100% leaving a balance 

percentage of what is not measured, while the EDS estimates the value of the unknown 

elements resulting in 100% total. The results of the two methods can therefore not be 

quantitatively compared with each other.  

Blue glass 

The high level of phosphor indicates that all blue fragments are of the ‘forest-glass’ type (P2O5 

> 2.6 to 7.5 wt%). It should however be noted that even though the weathering degree is less 

severe than with most colourless glass fragments, the phosphor levels are all measured on the 

surface of the glass and can therefore be biased as opposed to the phosphor levels in the core 

of the glass. As well as the chemical composition, the colour and weathering degree of the blue 

fragments vary greatly, indicating a wide variety of glass types. In 13 of the 16 fragments 

elevated levels of copper and/or cobalt have been observed. Four of the blue sherds are 

identified as recycled Roman glass (3905GL.111, 3905GL.112, 3905GL.113 and 

3297BYZGL.12), showing great similarity in chemical composition and appearance (fig. 5.14). 

Potassium levels (K2O) vary between 0.36 and 3.77%. The combination of low potassium levels 

and the presence of chloride > 0.4 wt% indicate the use of natron as a flux, common in Roman 

glass. The presence of high antimony is compatible with the recycling of 1st to 4th century AD 

 
3 Analysis of the effect of weathering on the chemical composition is presented in a separate study 

(Wieske 2022).  

 

Figure 5.13. Results on the SEM-EDS in 

relation to the established HLLK and wood-

ash glass types.  
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roman glass (Crocco 2018, 155). The elevated levels of lead measured in the blue recycled 

roman glass fragments has also been observed in the roman tesserae found in a nearby early 

medieval site Wierum. The antimony levels of the blue window glass are relatively low (0.1 wt% 

- 0.3 wt%) compared to the turquoise-coloured tesserae from Wierum (0.6-5.5 wt%; Crocco et 

al., 2021, 13), however, as described by Theophilus, the blue tesserae would be mixed with 

colourless glass diluting the level of antimony present in the blue glass sheets (Brown 2019, 

16). One other find contains relatively high antimony levels. Find 549GL.1, a waster glass 

fragment that contains both the presence of chloride (0.14 wt%) and potassium (2.23 wt%) 

compatible with a mixed-alkali glass.  

Figure 5.14. A: Scatterplot on colourants copper (Cu) and cobalt (Co) used in red and blue 

window glass. B: relation between antimony  (Sb) and lead (Pb) in the blue window glass as 

a means to discover possible roman recycled glass. 
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The blue sherds with elevated levels of cobalt (fig. 5.14A) can either originate in the 

recycling of cobalt blue roman glass or, in the cobalt sources from Central Europe discovered 

in the 13th century A.D. (Bidegaray & Pollard 2018, 784; Cívolá et al., 2021, 1). The main 

difference in chemical composition between these two cobalt-blue glasses is the composition 

of the base glass. Whereas roman glass is of the type silica-lime-natron, medieval glass can be 

a silica-lime-potassium glass type. However, with the introduction of mixed-alkali glasses, 

natron would be added to the medieval glass mixture, making blue fragments with elevated 

levels of both sodium and potassium hard to identify as recycled roman or medieval mixe-alkali 

glass.  

Fire paint 

Since the majority of the paint mixture is glass (Machado et al., 2019, 82), the chemical 

composition of the fire paint represents the type of glass available when the paint was applied. 

An analysis of the relation between Rb2O and SrO in the paint reveals a pattern of white as a 

common colour in the wood-ash glass and red/purple in HLLK glass4 (fig. 5.15). Both the white 

and red/purple paint contain high levels of either lead (Pb), iron (FeO2) and copper (CuO) or 

a combination of the metals (fig. 5.15).  

 

Theophilus describes the use of ground green or blue glass in addition to the metals. This glass 

was desirable for the fire paint because of its high lead levels lowering the melting temperature 

of the paint. Blue glass around the time of Theophilus (12th century) would be obtained by 

adding blue roman tesserae to the glass mixture. An interesting consideration is whether there 

is a relation between elevated lead levels on the grisaille à contourner paint, predominantly 

present on the wood-ash glass, and the elevated levels of lead in the blue-green coloured glass 

fragments with a Roman origin (fig. 5.14B). This observed pattern could be linked to the use of 

 
4 This relation is likely biased by the composition of the glass and the resolution of the HH-XRF. A 
measurement of a painted section often included spots of unpainted glass in the 8mm resolution.  

Figure 5.15. Chemical composition of the fire paint. Left: relative amount of lead and iron in the 

white (green) and red and purple (red) paint. Only painted measurements are included in this 

graph. Right: the painted fragments in relation to the two types of glass. 
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blue roman recycled glass for the production of fire paint during the 12th to 13 centuries (fig. 

5.16).  

 

Find 3905BYZGL.17 was analysed with the SEM-EDS to understand the microstructure and 

impact of the fire paint on the composition of the base glass (fig. 5.17). The gel-layer located 

directly underneath the fire paint is visually different from the gel-layer located closer to the 

core. The gel-layer is both measured adjacent to the fire paint and near the core of the glass 

(full report in appendix 3). The gel-layer near the fire paint reveal elevated levels of lead, copper 

and iron, compatible with the elements present in fire paint. The chemical composition of the 

glass adjacent to the fire paint is affected by the fire paint as these elements penetrated the 

surface of the base glass during the firing of the paint.  

 Find 3905BYZGL.3 revealed a decorative line pattern but no paint remains were 

detected. The lines would stop approximately o.5mm before the grozed edge of the sherds 

where it was originally fitted in a lead came, the elemental map revealed high levels of lead on 

this edge. Elemental mapping showed that the lines were relatively high in lead but showed a 

lower signal in manganese and iron (fig. 5.18). Based on the 2D XRF elemental map, it can be 

concluded that the lines do have a different composition than the surrounding glass related to 

a thinly applied or eroded paint layer.  

 

Figure 5.16. Left: Micro-XRF 2D scan of find 2073GL.6 showing levels of copper, lead and iron. 

Right: scatterplot of lead and antimony in painted fragments of Yesse.  



 

45 
 

 

 

 

5.3.2 Provenance 

 

Figure 5.17. Microstructure of fire paint find 3905BYZGL.17. A: macroscopic picture, B: 

SEM image of the microstructure of the cross-section, C: Microscopic picture of the polished 

cross-section, thickness 3.5mm. The arced square in C indicates the location of the SEM. 

image.  

Figure 5.18. Elemental (Mn, Fe, Pb) 2D-XRF scan of find 3905BYZGL.3.  
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When the magnesium levels of the window glass from Yesse are compared with the 36 sources 

included in the Adlington et al., 2019 study, the relatively low magnesium levels indicate an 

origin of the forest-ash in either the Rhineland or Central Europe (fig. 5.19) This comparison 

is unfortunately applicable on just 50 of the total 1065 measurements. Only 440 of the 1065 

measurements of Yesse have a MgO result exceeding the detection limit5. More importantly, 

the weathering causes leaching of both the CaO and the MgO values leaving only unweathered 

sherds with a valid MgO concentration fit for analysis.  

These 50 sherds do however represent both wood-ash and HLLK glass thus covering 

several chronological periods in the monastery where the glass was imported from Central 

Europe and/or the Rhineland. The glass from Yesse has an extremely low MgO:CaO ratio 

(compared to the 36 sites in Adlington et al., 2019) up to 0.1 (fig. 5.19). 

For the unweathered glass fragments of Yesse (n=104), the phosphate levels vary between 

0.0704 and 8,268 wt%, and no patterning in line with the regional provenance can be 

established based on this analysis.  

 
5 Detection limits are determined automatically during measurement and are defined as 3 times the 
standard deviation of the background (Huisman et al., 2017). 

Figure 5.19. Regional distribution of medieval window glass between the 13th and the 15th centuries 

for the NW France, Rhineland and Central Europe (Adlington et al., 2019, 5). Bottom right the 

XRF results in Yesse. Grey (all measurement), yellow (unweathered measurement above the MgO 

detection limit.  
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5.4 Typochronology of the glazing of Yesse 
Analyses of the chemical composition and the morphological characteristics of the glass 

resulted in a typochronology of the glazing styles at Yesse, coherent with the known 

northwestern European Cistercian glazing between the 12th to the 17th century. Based on the 

chemical composition the colourless glass is divided into wood-ash glass and HLLK glass 

representing different chronological phases in the Middle ages. In this paragraph, the relation 

between recognized morphological and iconographic traits and the different types of glasses 

(i.e. wood-ash during the early monastic phase and HLLK glass during the late monastic phase) 

will be presented.  

5.4.1 Wood-ash: blankglazing & conventionalized glazing style (1215 – ca. 1400) 

The glazing of Yesse during the 13th to the 15th century can be ascribed as a combination of 

blankglazing and conventional painted patterns of primarily a wood-ash glass type. The 

windows are colourless and the glass is relatively thick (fig. 5.8b) as opposed to the later HLLK 

glass. If present, the fire paint is white and depicts conventionalized vegetative patterns on a 

crosshatch background. The wood-ash glass type is more prone to weathering and thus often 

appears in the field as brown to black, 

with a thick apparent gel-layer.  

The earliest style of glazing 

expected in Yesse is the ‘Blankglazing’ 

style. When studying the chemical 

composition of the glass, most 

rectangular shaped sherds (fig. 4.7) 

sherds can be ascribed to the wood-ash 

glass type, expected for the 

blankglazing style of the 12th and 13th 

centuries (fig. 5.20). A few sherds 

reveal SrO and Rb2O levels coherent 

with an HLLK composition. The use of 

rectangular-shaped panes is, however, 

common throughout the Middle and 

modern Ages. It is therefore not 

possible to exclusively ascribe these 

rectangular panes to a window within 

the blankglazing style.  

 

A foliate pattern on window glass has been observed on wood-ash and HLLK glass. Different 

styles can be recognized on the sherds. The eight sherds with a distinct vine leaf pattern are 

compatible with wood-ash glass (fig. 5.21), however, due to the severe weathering, the 

rubidium and chloride levels are altered, restricting a definite grouping of the glass. However, 

these eight sherds have the same context, weathering expression and paint style all compatible 

with a wood-ash glass style. This could be indicative that these sherds originate from the same 

glazing campaign during an early monastic phase in the 13th or 14th century.  

Another foliate pattern in the collection of Yesse is a border motive related to Bernardine texts 

(fig. 5.6). The chemical composition is indicative of wood-ash glass compatible with a relatively 

early date (red spot in fig. 5.21).  

Figure 5.20. Scatterplot of the rectangular shaped 

panes indicative for a blankglazing style.  
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All fragments with a crosshatch pattern are compatible with the wood-ash glass type (fig. 5.22). 

The chemical composition thus confirms its early monastic date. Find 3519GL.1 illustrates the 

use of the crosshatch to emphasize the vine leaf design, which would let more light through 

when light passed the window. The combination of a crosshatch pattern, a depiction of a vine 

leaf and a chemical composition compatible with wood-ash glass confirms the presence of a 

conventionalized glazing style at Yesse between the 13th and 15th century.  

 

Figure 5.21. Scatterplot of rubidium and strontium in relation to the sherds with a 

foliate pattern.  

Figure 5.22. Presence of crosshatch pattern within the wood-ash glass type. Top: 3515GL.1, 

Middle: 2914GL.1, Bottom: 3905BYZGL.17. 
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The sherds with a recognizable border motive (fig. 5.5) are combination of both wood-ash and 

HLLK glass. Based on the relation between Rb2O and SrO two sherds belong to the HLLK glass 

type and four to the wood-ash glass type. It should be noted that all sherds have concentrations 

of rubidium and strontium fitting for both groups (fig. 5.23). Find 3073GL.1 (bottom left fig. 

5.5) is further analysed with the micro-XRF and SEM-EDS. The EDS analysis revealed the 

presence of both Na2O (1.35 wt%), Cl (0.2 wt%) and K2O (25 wt%). The use of both Na2O and 

K2O in the glass means that this is a mixed-alkali glass type, falling within the HLLK glass type. 

Contradicting is the ratio CaO:K2O (0.82) that would suggest a wood-ash glass. The origin of 

this glass fragment is inconclusive.  

 

5.4.2 HLLK: figural and multi-layered painting styles (Ca. 1400 – 1594) 

With the transition in religious ideals within the Cistercian order, starting in the 14th century, 

the material culture, and thus the glazing of the monastery of Yesse transitioned as well. This 

transition is recognized in the appearance and the chemical composition of the glass. The use 

of colour and figures in window glass characterizes this shift on a European level. For Yesse 

this transition coincides with the technological transition in glassmaking, shifting towards the 

production and trade of HLLK glass. In appearance, the HLLK glass is relatively thin and less 

prone to weathering, with a thin orange/brown gel-layer. The change in glazing style is 

recognized through the use of grisailles à modeler creating shades, multiple paint layers and 

the incorporation of coloured glass (predominantly brown/red/purple) in the fire paint. 

Furthermore, the use of silver-stain and figural depiction on the window glass are indicative of 

post 14th century date.  

Figural depiction  

The shift to a figural depiction on window glass pre-dates the shift towards HLLK glass on a 

European level, especially in Germanic-speaking regions (Lillich 1993, 237; Wedepohl & Simon 

2010). Therefore, figural representation in wood-ash as well as HLLK glass can be expected. 

For the material of Yesse, the sherds with a figural depiction are compatible with the HLLK 

Figure 5.23. Chemical composition of glass fragments with iconographic elements. 
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composition (fig. 5.23) which indicates an introduction of figures as early as the late 14th 

century (fig. 2.5).  

Silver stain 

When the relation between silver (Ag) and lead (Pb) is studied, there are two groups of sherds 

with increased silver concentrations (fig. 5.24). Three finds can be related to the presence of 

silver stain. One of these finds is from Yesse, one from Martinikerkhof and one from 

Kattendiep. The silver stain on the latter two sherds is also visually recognizable (fig. 5.24). 

Since the silver stain on the sherds from Yesse is not observed during macroscopic 

documentation, no HH-XRF measurements were deliberately taken on the silver stain. Silver 

stain is applied on the opposite surface from where the fire paint is applied. After the 

recognition of potential silver stain on the material from Yesse, the sherds were examined in 

more detail, but no silver stain has been evidently recognized.  

 

Colour 

The four roman recycled copper-lead-antimony fragments all derive from the same context. 

These fragments are expected to predate the exploitation of new cobalt mines starting in the 

13th century. A date this early does not fit the Cistercian glazing style of that time, when the use 

of figures and colour was prohibited. It is however possible that these blue glass 

fragments/glass sheets were still in use during the 15th century, belonging to a later glazing 

style. Another possibility is that these blue fragments were included in the conventionalized 

glazing style, somewhat deviating from the prohibition of colour in windows. Both flashed red 

fragments are of a mixed-alkali glass type compatible with a later glazing style at Yesse. 

The role of donors in Yesse 

Interestingly the sherds with a letter-like are compatible with the wood-ash glass type, which 

contradicts the expected age of these fragments if they are related to post 13th-century 

Figure 5.24. The relation of lead and silver. Two elevated levels of silver can be detected. One is 
related to the blue lead glass, the other group to the presence of silver stain (in the absence of lead). 
Right top. Silver stain on a sherd from Kattendiep (K74.3) and bottom Martinikerk (M200.1).  
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donations. Several scenarios could be the case: first of all, the change from wood-ash to HLLK 

glass is transitional, the wood-ash glass was still produced in the 14th century A.D. alongside a 

‘high lime’ glass type (Wedepohl & Simon 2010, 91) This would, however, imply that during 

this period the monastery (or the glazier responsible for the design) had several ‘glass-

suppliers’ or that the transition to HLLK glass is of a later age. In the scenario that the letters 

originate from biblical references, a wood-ash glass type is not out of the ordinary. Biblical 

references are not uncommon in 13th century A.D. stained glass panels, however, they are 

nearly always accompanied by a figural representation of that reference which contradicts the 

restriction posed by the Cistercians in the 13th century (Wentzel 1954, 30-33).  

 

5.4.3 Spatial spread of wood-ash and HLLK glass 

The finds from trench 20 are predominantly of the HLLK glass type, however, because of the 

weathering of some finds they cannot be classified as definite HLLK or wood-ash. The 

morphological traits of the finds are confirming this tendency toward HLLK glass. Feature 5, 

a highly organic dump with a large quantity and variety of finds dating to the 14th and 15th 

centuries is also sieved in its entirety (wet 1cm), 6 glass finds were retrieved (Arnoldussen 

2019a, 4). One glass find (which is not severely weathered) can be classified as wood-ash, the 

other finds are badly weathered affecting the classification of either wood-ash or HLLK.  

Figure 5.25. Representation of wood-ash and HLLK glass in the three trenches with relatively 
high number of window glass.  
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The material from trench 33 and 35 is from both the HLLK and the wood-ash glass type. This 

material is likely dumped in the ditch after it was out of use. The rubble rich material is likely 

to originate from construction work on the cloister during the 15th or 16th century. The 

archaeological excavations at the monastery revealed multiple building phases, the presence 

of construction debris throughout the site is to be expected (Mulder et al., 2020, 109). 

Compared to other trenches, wood-ash is more abundant than HLLK in trench 35 (fig. 4.25). 

If this dump is a rubble debris of construction work where windows were replaced, the glass 

likely belonged to a (set) of window(s) that glazed the cloister at the moment of destruction. 

The fact that this includes both wood-ash and HLLK glass is unsurprising if the moment of 

destruction is after ca. 1350 A.D. The material found in trench 33 is in appearance and 

composition similar to the material from trench 35. The material from trench 33 may have 

been dumped at approximately the same time as the material from trench 35. The feature from 

which most glass originates in trench 33 has been disturbed in later ages (18th century A.D. 

building phase), changing the burial condition and location of the glass (Arnoldussen 2021a, 

10). 

The window glass found at the trenches crossing the cloister and chapel (trench 15, 16, 

17, 18, 20 and 37) contains both wood-ash and HLLK glass. In comparison to trench 33 and 35 

(located north of the cloister), there is a relatively high number of HLLK sherds as opposed to 

wood-ash sherds (fig. 5.26). The material surrounding these trenches is likely to date to the 

later glazing phases of the monastery. After the dissolution of the monastery in the late 16th 

and early 17th centuries, building material (including glass) would be sold where possible 

(Vermeer 1999, 197). The monastic rubble resulting from this demolishment would be left on 

the monastic grounds, which explains the higher number of HLLK glass as opposed to the 

earlier wood-ash glass type at the former location of the cloister. 

 

5.5 the glazing of Yesse on a regional scale 

5.5.1 Martinikerkhof 
The selected finds from Martinikerkhof contain both wood-ash and HLLK glass (fig. 5.27). 

Because of the small number of finds included (n=22) it cannot be concluded whether there is 

Figure 5.26. Spatial spread of the two main glass types in Yesse. The finds within the cloister are 
primarily of the HLLK glass type, while the finds north of the cloister (trench 33 & 35) are of both 
the wood-ash and HLLK glass type.  



 

53 
 

any significant difference in composition with the material of Yesse. Aside from the chemical 

composition, the morphological traits of Martinikerkhof reveal great similarities with that of 

Yesse. 

An interesting find from Martinikerkhof can be placed in a geometric pattern common 

within the blankglazing style (M89.1; fig. 5.28). Based on the trace element analysis (Rb2O and 

SrO) and the absence of chloride, this pane is categorized as wood-ash glass coherent with an 

early blankglazing style. Martinikerk did not belong to the Cistercian order, this find can be 

considered an example of how Cistercian glazing influenced different religious and secular 

window designs (Lillich 2019, 283).  

 

Within the finds of Martinikerkhof, the vine leaf pattern was also recognized (fig. 5.29). The 

glass appeared to have a different painting style than the material from Yesse. It is less 

weathered and painted in a light pink colour. The crosshatch pattern was scratched out of the 

underlying paint instead of painted on the glass and the shape of the leaf was also different. 

Figure 5.27. The relation between trace elements Rb2O and SrO (left) and K2O and Cl (right) of the 

fragments of Martinikerkhof and Kattendiep.  

Figure 5.28. Geometric blankglazing design (pattern of a window from La Bénisson-Dieu) and the 

potential blankglazing pane from Martinikerk (M.89.1). 
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When analysing at the chemical composition, it appears to be of the HLLK and wood-ash glass 

type. The chloride level of M155.10 is relatively high (0.5wt%) indicating the HLLK glass type. 

However, M155.11 has a low chloride level (0.04wt%) indicating a wood-ash glass type. Both 

measurements are on weathered surfaces. Since it is unknown if the two finds have different 

find contexts it is hard to determine whether they are of different glass types. The painting style 

on the glass is very similar indicating that they originate from the same panel. Perhaps the 

difference in chemical composition can be explained by repairs after the initial installation of 

the panel. 

Interlaced pattern 

An interesting find within the HLLK multi-layered glass category from Yesse is  find 

2073GL.12. Of the collection of Yesse, this is one of the largest recovered pieces of painted 

glass. It is relatively thin (1.8mm), marks on the surface indicate the use of broad glass, and 

although weathered, the painting still emphasizes an interlaced pattern. The collection of 

Martinikerkhof contains a glass fragment with a very similar interlacing pattern (fig. 5.30). The 

interlaced pattern, expressed in the strapwork in blankglazing in the 12th and 13th centuries, 

still has significant value in the 14th or 15th century A.D. or later, when it was painted on these 

HLLK glass fragments. These two sherds show remarkable similarities. Their chemical 

composition is very similar, both HLLK glass with almost identical Rb2O and SrO values. There 

is a slight difference in the pattern and paint use implying either a different glazier or a 

different time of production. On the fragment from Martinikerkhof, a silver stain was observed 

Figure 5.29. Leaf pattern design as observed on material from Martinikerkhof. Left: 
M.155.11, right: M.155.10. 

Figure 5.30. Interlaced pattern as observed in a fragment from Yesse (left, 2073GL.12) and 
Martinikerkhof (right, M200.1). 
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and reflected in the HH-XRF results in relatively high levels of silver (254 ppm). Silver stain 

was not observed in the fragment from Yesse during the HH-XRF measurements, but the 

measurement was on a place where silver stain was likely not applied. Upon later visual 

inspection, there are marks visible following the horizontal patterning of the paint (on the 

location where in the Martinikerkhof sherd, silver stain was applied), whether these marks are 

caused by a silver stain remains unclear. To be sure of the presence or absence of silver-stain 

on this fragment, XRF measurements on the complete length of the fragments should be taken.  

  

5.5.2 Kattendiep 
The number of sherds included from Kattendiep is too small to draw any conclusions based on 

the XRF measurements. The appearance of the glass is different from the material from Yesse 

and Martinikerkhof. Interestingly, the four included sherds represent two glass types based on 

the trace elements Rb2O and SrO and the presence or absence of chloride. Two sherds (K74.3 

and K74.4) can be categorized as wood-ash with high rubidium levels and an absence of 

chloride (fig. 5.27). The two other sherds are of a mixed-alkali type with a high level of chloride 

(K74.1 and K74.2). The similar chemical composition of the glass can be explained through the 

recycling of glass in the 17th century. Glass debris would be imported or gathered and melted 

into new glass objects. Considering the large amount of tableware glass found at the site of 

Kattendiep, it can be argued that the window glass present at the workshop was used as raw 

material for the production of tableware glass. This explains the similar composition of 17th-

century glass to that of medieval glass with high levels of potassium.  

  

5.5.3 Usquert 
In the village of Usquert, approximately 25 km north of Yesse, similar fragments of stained 

glass have been found dating to the 13th century A.D. (Janse 1991, 53; van Ruyven-Zeman 2017, 

100; fig. 5.31). The vine leaf pattern is very similar to the fragment from Yesse, which is an 

indication of a similar age. Find 3519GL.1 is of the wood-ash glass type, compatible with a 

dating in the 13th or 14th century. The appearance of a vine leaf patterned fragments in Yesse, 

Martinikerkhof and Usquert indicates a regional presence of the conventionalized glazing style 

within and outside the Cistercian order in Groningen.  

Figure 5.31. Grisailles à contourner painting techniques on medieval window glass fragments. Find 
3519GL.1 (right) with a distinct leaf pattern also observed during excavations in Usquert (left). 
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5.6 Potential of archaeological window glass 

5.6.1 HH-XRF for trace element analysis 

The window glass of Yesse can be divided into two main compositional categories, the wood-

ash and the HLLK glass type best recognized in the compositional variation of trace elements 

rubidium (Rb2O) and strontium (SrO). When potassium leaches from the glass, the 

concentration of rubidium also drops but to a less extreme extent. This ‘limited’ alteration in 

rubidium allows a differentiation between wood-ash (high in plant-ash and thus high in 

rubidium) and the HLLK glass (lower level of plant-ash thus a lower level of rubidium). This 

division is possible for a large amount of the archaeological window glass in Yesse. However, 

since the deterioration causes alterations in the glass for both HLLK and wood-ash glass, 

severely weathered glass tends to have a composition low in strontium and low in rubidium for 

both wood-ash and HLLK glass (fig. 5.32). These two glass types are in this situation not 

distinguishable from each other based on the trace elements strontium and rubidium limiting 

the possibilities of this method when only a small number of fragments is studied.  

 

With this method, it is thus possible to determine if these two glass types are present in an 

archaeological dataset (assuming similar burial conditions as in Yesse). Its applicability to 

determine the glass types for a single, or a small number, of sherd(s) is restricted to the 

weathering degree of those sherds. This method is furthermore unfit to quantify the relative 

numbers of wood-ash fragments as opposed to HLLK fragments. Since the HLLK glass is less 

prone to weathering, combined with the similar deterioration effects on the chemical 

composition (decreased levels of both strontium and rubidium), the relative amount of each 

type is based on only the unweathered measurements is biased.  

Another restriction of the HH-XRF is the inability to measure sodium. Since the 

presence of sodium (in the compound NaCl) is crucial to determine whether the glass is of a 

mixed-alkali type or a ‘high lime’ type (Wedepohl & Simon 2010, 91), this differentiation could 

not be established in the majority of the material of Yesse. The results of SEM-EDS analysis on 

12 fragments revealed exclusively mixed-alkali glass (presence of both sodium and chloride) 

Figure 5.32. The effect of leaching on both HLLK glass and wood-ash from the 

material from Yesse.  
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for the HLLK samples. 5 of the 12 SEM-EDS samples are of the mixed-alkali type, whether 

these 5 samples are representative of the entire HLLK glass type, is debatable. It is therefore 

not possible to determine if the HLLK glass in Yesse is exclusively mixed-alkali glass or a 

combination of both mixed-alkali and ‘high lime’ glass. 

When the chloride of the HH-XRF measurements is plotted to potentially recognize 

mixed-alkali from ‘high-lime’ alkali glasses, only the unweathered measurements are fit for 

analysis. The mixed-alkali glass type is defined for fragments with a chloride level greater than 

0.2 wt%. The unweathered measurements with a chloride level up to 0.2 wt% are likely also of 

the mixed-alkali glass type, but because the chloride level is greatly affected by weathering 

(increased as well as decreased levels), weathered measurements cannot be included in the 

recognition of mixed-alkali glass. 

What is interesting is that there are no unweathered measurements with the presence 

of chloride with a K2O concentration of less than 2 wt% (fig. 5.12C). The group without chloride 

includes the unweathered wood-ash glass, with a high K2O level (dark blue in fig. 5.12C). 

Interestingly there is a third group of unweathered sherds that are very low in potassium (< 

2wt% K2O) and have very low chloride levels. This would mean the absence of NaCl as a flux 

and the low potassium levels would suggest another type of flux is used. If these are the ‘high 

lime’ glass as described in Wedepohl & Simon (2010), you would expect high calcium levels, 

which is not the case. It is so far unknown to which glass types these fragments belong. The 

high phosphor levels (> 0.3 wt%) and presence of potassium exclude the possibility of 

industrial glass.  

 

5.6.2. In field recognition 

The present study shows a distinction between wood-ash and HLLK glass both in the chemical 

composition of the glass as well as the morphological features of the glass. The latter allows a 

better in field understanding of the window glass during the excavation campaigns. For the 

material of Yesse, an indication of the type of window glass can be based on the macroscopic 

properties of the glass (table 5.1). Glass remains unsuitable to date specific features since glass 

types are transitional, regionally influenced, and of a broad chronological range. The presence 

of glass in features can indicate a dating of that feature based on the morphological traits 

present on the glass. Most of the indicators for HLLK or wood-ash glass should, however, never 

be used as a sole indicator. For example, the thickness of glass varies greatly within a glass 

sheet between 1 to 5mm, unrelated to the chronology of the glass.  

 Wood-ash glass HLLK glass 

Weathering degree More prone to weather Less prone to extreme 

weathering  

Common weathering 

expressions (see chapter 3.2.2) 

1, 7, 8 2, 4 

Type of gel-layer Thick gel-crust, which 

crumbles off 

Thin gel-layer, flakes off 

Thickness Relatively thick Relatively thin 

Paint style Thick contour paint 

(grisaille à contourner) 

More finely decorated / multi-

layered (grisaille à 

contourner & grisaille à 

modeler) 

Paint colour White Purple / red/ brown  

Table 5.1. Typical morphological traits of wood-ash glass and HLLK glass in the collection of Yesse.  
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Conclusion 
 

Nearly 1900 archaeologically recovered window glass fragments from the former nunnery of 

Yesse can be categorized into two main glass types, representing the different glazing styles 

between the 13th and the 16th century A.D at Yesse. The variety in appearance can be explained 

through the variation in the chemical composition (and thus chronology), the different glazing 

styles to which the fragments belong, and the effect of deterioration on the glass. The quantity 

of glass finds is explained through the applied methodology (constant sieving of spoil during 

the excavation campaigns) and the location of the finds. Two find concentrations have been 

observed, one north of the cloister and one in the eastern corridor of the cloister. The 

concentration of finds north of the cloister (trench 33 & 35) is likely the result of a dump of 

construction debris in the 15th or 16th century. This concentration does not reflect the last 

glazing campaign. The presence of painted finds with a vegetative- and/or crosshatch pattern 

is compatible with the 13 to 15th century conventionalized glazing style. The majority of the 

material from the eastern corridor is compatible with a glazing style during a later monastic 

phase between the 15th and 17th centuries. The material from this location likely ended up in 

the soil during the turbulent 16th century and the demolition of the monastery in the following 

centuries.  

 

Patterns in the morphology of the window glass fragments have been observed considering 

thickness, colour, weathering degree, production marks, shape, and fire paint relating to the 

chronology and the glazing style of the windows in Yesse. The present study shows that the 

monastery of Yesse complies with the northwest European Cistercian glazing tradition 

enforced by a statute issued in 1134 A.D. (at the latest renewed in 1251 A.D.), prohibiting the 

use of colour and figures in window glass. It is reasonable to argue that the first glazing in the 

first half of the 13th century is according to the blankglazing style. However, due to the 

fragmented state of the material, it is not possible to make a conclusive statement. Painting 

styles in line with conventional patterns (introduced around 1250 A.D.) are present in the 

collection of Yesse. Most expressive are the glass fragments with a vine leaf pattern with a 

crosshatch background. During the 14th to 16th centuries, the unique Cistercian glazing 

tradition subsided, and figures and colours became the norm in Cistercian window designs 

identical to glazing styles in other religious orders from this age. This ‘figural’ style is 

represented in the collection of Yesse with the use of multiple paint layers, silver stain, figural 

depiction and the use of coloured glass.  

The role of donors in the glazing of the monastery remains unknown because of the 

absence of documents on these transactions and the fragmented state of the material. Based 

on archaeological material there is no evidence for the role of donors in window glass design. 

However, surviving documents on these transactions from other institutions suggest that this 

has likely played a role in the glazing at Yesse. 

 

Chemical analysis (HH-XRF; 2D XRF scan; SEM-EDS) exposed the presence of wood-ash and 

HLLK glass. From 1215 until approximately 1400, wood-ash glass was the common glass type 

used for windows, followed by the HLLK glass type introduced in the 14th or 15th century until 

the dissolution of the monastery in 1594 A.D. These two glass types can be recognized in the 

HH-XRF results of 1065 measurements, and more specifically, in the relation between the 

trace elements rubidium (Rb2O) and strontium (SrO). These trace elements reflect the relative 

presence of potassium (flux) and calcium (network stabiliser), which shifts with the transition 

in glassmaking from wood-ash to HLLK glass. SEM-EDS analysis provided 12 samples with 
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accurate levels of sodium. Of the five included HLLK samples, all are identified as mixed-alkali 

glasses (Na2O >2wt%). Whether the HLLK glass from Yesse consists of only mixed-alkali or a 

combination of both mixed-alkali and ‘high-lime’ glass remains inconclusive. As well as the 

difference in chemical composition, these two glass types differ significantly in morphological 

traits when looking at the material from Yesse. These include the relative thickness of the glass, 

degree and type of weathering, and the type and style of the painted segments. Wood-ash glass 

is relatively thick and badly weathered with a thick apparent gel-layer, whereas HLLK glass is 

relatively thin and less severely weathered with a thin, flaking gel-layer. The different styles of 

window designs (blankglazing, conventionalized vegetative painting style, figural style) 

coincide with the chronology established with the chemical analysis of the glass. The 

rectangular-shaped panes (possibly originating from a window in the blankglazing style) and 

the fragments with a crosshatch and/or leaf pattern are almost exclusively of a wood-ash glass 

type compatible with a relatively early date. Fragments with a figural depiction and/or the use 

of multiple paint layers are of an HLLK glass type compatible with a later monastic phase.  

 

The window glass from Yesse reveals iconographic and compositional similarities with 

material from Martinikerkhof. The influence of Cistercian blankglazing is reflected in a pane 

from Martinikerkhof. Moreover, a vine leaf pattern with a crosshatch background and a 

strikingly similar interlaced painted pattern has been recognized on the material from 

Martinikerkhof. The four sherds from Kattendiep are visually different from the material from 

Yesse and Martinikerkhof, reflecting a 17th century highly decorative glazing style. Interestingly 

the chemical composition is similar to the wood-ash glass from Yesse, which can be explained 

through the use of recycled glass 

 

Archaeologically recovered medieval window glass remains an underappreciated material 

category. This study illustrated the potential of weathered pre-modern window glass from an 

archaeological context. For the monastery of Yesse and the late medieval Netherlands in 

general, window glass is one of the most important sources of medieval imagery. Despite the 

fragmented and weathered state chemical and stylistic analyses offer crucial insight into the 

appearance and origin of medieval window glass. Due to the fragile tendency of medieval glass, 

proper macroscopic documentation (including high-quality pictures) is key to ensure the 

possibility of later research. For the monastery of Yesse, the research into the archaeologically 

recovered window glass confirmed that from 1215 A.D until approximately 1400 A.D. a 

Cistercian identity was expressed in the material culture through the glazing of the monastery. 

This implicates a sense of belonging on a spiritual level affecting those who lived and worked 

in this nunnery. Archaeological medieval window glass at religious sites can thus increase 

insight into medieval imagery and the religious identity - and the expression of that identity - 

of that site. 
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Glossary  
 

Blankglazing: white or colourless glass panels with geometric strapwork. 

 

Find: a single glass fragment 

 

Findcode: number given to the find or collection of finds during excavation related to a 

certain context or moment of documentation.  

 

Flashed glass: colourless glass with a relatively thin layer of coloured glass on one side of the 

fragment.  

 

Flux: a substance that lowers the melting temperature of another substance.  

 

Gel-layer: weathered surface layers altered in chemical composition.  

 

Glass-former: a compound that forms the basic building material for glass, usually silica 

(SiO2).  

 

Glazier: craftsmen in the secondary production stage of window glass cutting and painting 

the panel in the desired design. 

 

Grisaille: fire paint on stained glass 

 

Grisaille à contourner: grisaille paint technique to create contour with thick lines. 

 

Grisaille à modeler: grisaille paint technique to create shadows with a watery thin layer. 

 

High lime glass: glass produced with an excess amount of lime (CaO). 

 

HLLK: High Lime Low Potassium. Plant- or forest ash with the addition of excess lime 

(calcium) and/or the addition of a second flux (NaCl). This glass type is commonly named High 

Lime Low Alkali (HLLA) but since it also includes mixed-alkali glass (high in alkali), the term 

HLLK is used in this study.  

 

Mixed-alkali glass: contain both potash (potassium) and soda (sodium) in the manufacture 

of glass. In this study defined when the chlorine level (to detect NaCl) is greater than 0.2wt%. 

 

Network stabiliser: a substance that is added to the glass melt to make the glass strong and 

water-resistant.  

 

Pane: a single sheet of glass in a window or door. 

 

Panel: glass pieces joined by lead cames. Panels are usually 80cm in dimension, a size that 

can be handled comfortably and of which the weight is easily born on the iron bars of an 

armature that fills the window opening.  

 

Potash glass: glass produced from a refined extract from wood-ash.  
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Quarry: a small square- or diamond-shaped pane.  

 

Robber trench: a linear cut or slot created as a result of removing partly or wholly buried 

building materials and architectural features for reuse elsewhere. The plans of many 

substantial Roman and medieval buildings are now represented archaeologically only by their 

robber trenches.  

 

Silver stain: a decorative yellow coloured stain on glass created by silver compounds 

penetrating the glass.  

 

Trace element: a chemical element present only in minimal amounts within raw materials 

of glass.  

 

Window: an opening in a wall fitted with glass in a frame. 

 

Wood-ash glass: glass produced from sand and ‘whole’ wood-ash. 

 

 

 

 

 



 

 

Appendix 1: HH-XRF results 
 

Excel document ‘Appendix1._HH-XRF_results_KloosterYesse’ 



 

 

Appendix 2: Micro-XRF-2d scan report 
 

PDF document ‘Appendix2._XRF2Dscan_KloosterYesse’ 



 

 

Appendix 3: SEM-EDS reports 
 

Zip File ‘Appendix3._SEM-EDS_reports_KloosterYesse’ 

 

 

 



 

 

Appendix 4: Field- and macroscopic documentation 
 

Excel document ‘Appendix4._Field_and_macroscopic_documentation_KloosterYesse’ 

 

 

 

 



 

 

Appendix 5: Projection radiography exploration stained glass 
 

PDF document ‘Appendix5._Projection_radiography_exploration_stained_glass’ 

 
 


