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			Bastian Asmus 

		

		
			Introduction

			Theophilus Presbyter

			Theophilus Presbyter has left us a treatise, the schedula diversarum artium, which documents the state of the art of the 12th century with a hitherto unprecedented level of detail. Instructions for various crafts such as painting, glassmaking, goldsmithing, blacksmithing, organ building and metal casting are covered. 

			According to Dines (2014), Theophilus is not the famous goldsmith Roger of Helmarshausen as Ilg (1874) and later Freise (1981) suggested. Rather, several authors and copyists are responsible for collating, if not also authoring, the schedula. In the first of the three books Dines identified linguistic links to Lombardy by one of two of these authors: an author called Lumbardicus. The instructions in the first book of the schedula are of Byzantine origin (Dines 2014, 7), but Lombardy or Salerno being rather likely places of origin for these texts. A second author called himself Northungus and is possibly identical with Northungus of St. Michael in Hildesheim: a famous physician and encyclopaedist with a strong interest in the medical works of Salerno. He would be the author or collator of the third book, dealing with all the metal trades (Dines 2014, 8).

			Regardless of the authorship, the schedula was undeniably authored by one or more highly experienced artisans. This could be exemplified for one of the most controversially discussed chapters, the copper smelting chapter (Hawthorne and Smith 1979, 139). It has been shown that the confusion and misunderstanding lie with the modern translators rather than the original authors (Asmus 2012).

			 

			The largest chapter of the schedula describes the bell-making process in great detail (Dodwell 1961; Hawthorne and Smith 1979; Theobald 1984; Brepohl 1999). This paper reports the main findings of a series of seven experiments to cast bells which closely follow the rules of Theophilus, while also considering the archaeological finds of early Christian bell making. It aims to document these experiments in a manner that future experimentation can continue, rather than repeat research already carried out on aspects of applied archaeometallurgy.

			Medieval bells

			Medieval bells differ from modern bells in several aspects. First, the bell’s shape or profiles show no major differences in wall thickness, and display only a relatively small sound bow (Fig 1). The uniform wall thickness leads to the typical harsh sound with dissonant partials (Ruf 1991, 159). Second, these early bells also differ fundamentally in their manufacturing process. A modern bell is cast in what is nowadays called the traditional bell-founding process: a moulding process with drag and cope and a bell model made of clay, produced by means of a strickle board. In Theophilus’ times, the lost wax method was used. A model was made from wax or tallow. The mould was made in one piece, and it could not be opened to extract the model. It had to be liquefied and drained off.

			 

			It is currently unknown when bells found entrance to Christian liturgy. It is, however, reasonable to assume that this ritual was taken over from pre-Christian religions of the Mediterranean. From early medieval times onwards, the use of hand bells made from beaten iron and cast bronze has had an influence on the adoption of their larger counterparts from high medieval times onwards (Bourke 2020). Another very early bell, the dal figàr from San Zeno in Verona (Padovani and Patria 2014), constitutes a bell that links the octagonal shape of early medieval handbells with the much larger cast bells following the 9th century. The Canino bell, dating back to the 9th century, was considered the oldest surviving church bell (Rossi 1890), but based on its inscriptions and decorations, this was recently challenged (Piazza 2004). If the Canino bell turns out to be younger than previously thought, the dal figàr might indeed be the oldest surviving cast bronze church bell (Fig 2). 

			Bell-founding experiments: aims

			The bell-founding experiments have several aims. On the one hand, we wanted to know to which degree Theophilus’ instructions could be followed and to whom the treatise was addressed. In the 9th century, on the other hand, bells were among the largest cast objects. They are hollow cast and for their production several technological problems had to be overcome. The mastering of this technology enabled the development of the field of metallurgy in two directions:

			First, the ability to cast monumental objects, since it was necessary to liquefy large quantities of molten metal and to handle them in such a coordinated to way that successful casts were produced.

			Second, the casting of hollow objects such as the Braunschweig lion, which represents a considerable technical casting challenge. Some technological difficulties had to be overcome in order to cast these objects. It is put forward for discussion here, that the technological and logistic experience of casting bells formed the basis for the monumental castings that occurred in central Europe from the 9th century onwards. For instance, the Carolingian Wolf doors at the Aachen cathedral or the 11th-century Christ’s column and Bernward doors are just a few of these monumental cast objects. With regard to the development of the technology for the casting of monumental works, a first small attempt was made to retrace this development experimentally by investigating Theophilus bell-making instructions.

			 

			We know how the lost wax method works, we know how to cast bells, and we believe that Theophilus describes bell founding accurately, for it is his most extensive chapter. We know the sound of early bells, because there are a few of those still around, for example an 11th-century bell in Bad Hersfeld. We also know how a bell from the 9th century sounds (Waurick and Böhme 1992), because Drescher (1984) designed several reconstructions of the Haithabu bell, which were cast in a bell foundry in Germany. Those reconstructions were executed in the traditional bell-casting method, ie not by lost wax, and the foundry’s furnace was used to melt the metal, because the aspects addressed in Drescher’s experiment are different to those addressed here.

			 

			It is the technique of the bell-founding process, as described by Theophilus that is of interest here, rather than the bell. In recent years, the archaeological sciences saw the introduction of a concept that draws attention not only to the supposed meaning of an object, but to explore first (Dodwell 1961, 74):

			‘What exactly are these specialised metalworking skills that archaeologists are referring to and how can they be empirically demonstrated in the archaeological material?’

			The archaeology of skill (Kuijpers 2017) or craft science (Almevik et al. 2022) seeks to gain a deeper insight into the craft processes, the transmission of craft knowledge, and how this might be used to add another facet to the interpretational framework of material culture. It is used here as a tool to further our understanding of past metal trades by research through craft. In this respect this paper puts forward the emic view of a proficient bronze foundry man combined with an archaeologist’s view of medieval bell casting.

			 

			It could be shown that even in the very controversial chapter on copper smelting (Theobald 1933; Dodwell 1961; Hawthorne and Smith 1979; Brepohl 1999) Theophilus possessed considerable expertise, and that the source of confusion was to be sought at our end, rather than his (Asmus 2012; 2014). The description of the bell founding is exquisite and much more detailed than the copper smelting chapter. For a practical application, however, certain questions had to be addressed, such as the reconstruction of the moulding material, which previously found too little attention in the literature. Theophilus’ description of the composition and the properties of the moulding loam are very short. Another related set of questions is how exactly the moulding loam was applied to the model, and if there were different loam qualities involved.

			 

			In addition to the bell mould, it was also important to test how well the substantial amount of up to 80kg of bronze could be melted, how casting was done in practice, and how the organisation and practice of casting changed during the series of experiments. For this purpose, altogether five individual natural draught furnaces as Theophilus described in chapter 62, were reconstructed (Fig 3) and put to use.

			 

			Research questions

			The goal of the experimentation is a fully functioning process. The following questions are of particular importance:

			
					Is it possible to cast a bell following Theophilus description?

					What prior experience is required, and to whom is the schedula addressed?

					Are the raw materials sufficiently described?

					What is the nature of the moulding material?

					How well has the mould to be fired?

					What is not described?

					How complex is the procedure?

					How could the relatively large amount of metal be handled? 

			

			 

			The following chapters of Theophilus’ treatise formed the base for the archaeometallurgical field experiments: Chapter 85 de campanis fundendis: Casting bells, Chapter 65 de compositione vasorum: Making the crucibles, Chapter 64 de fornace: The furnace; Chapter 61 de thuribulo fusili: The cast censer, Chapter 22 de vasculis liquefaciendum aurum et argentum: Crucibles for melting gold and silver. 

			 

			Moulding material and their properties

			Modern foundry technology specifies four qualities of an adequate moulding material. For good casting results the moulding material should possess the following properties: refractoriness, flowability or plasticity for good surface reproduction, permeability and collapsibility so the cast may be retrieved without damaging it. 

			 

			

			In medieval times the composition of any moulding loam depended strongly on the availability of raw materials, as well as on the experience of the metal founder in selecting which materials were used. This resulted in a large variability in the moulding materials. In general, it can be said that raw materials can be divided into binders and temper, whereby at least one binder and one refractory constituent were necessary. In some cases, this may not have been obvious to the founders, for example where clays or loams with a suitable composition were available from natural deposits. To produce moulding material with the required properties it can be made from these ingredients: binding clay, fired and crushed clay, or some other mineral temper, straw, rice husks, chaff, horse manure or cow dung, or other fibrous organic materials, such as for example animal hair. 

			 

			Binder

			Up to the 15th century AD, clay minerals used to play the part of the binding agents, and they still play a major role today in the casting industry. Founders experimented with a wider variety of binders and refractory materials from the 16th century onwards, although it is of little concern for the experiments on early bell founding (Cennini and Thompson 1954; Biringuccio 1990). Clay minerals are refractory binders and contribute towards the flowability of the moulding material. Rich, that is pure clay is a bad moulding material choice because it shrinks during the drying process up to 22% by volume (Salmang and Scholze 2007, 629). Upon drying, rich clays that enclose a solid body such as a wax model develop cracks. Temper is added to counteract this (Fig 4).

			 

			Tempering

			We can differentiate between mineral and organic temper. Mineral temper should have the following properties: it should be refractory, temperature shock resistant and should not shrink. Quartz sand is an abundantly used temper, and so is chamot, ie fired and ground clay from old pottery or recycled moulds.

			 

			Organic temper burns during firing and leaves a more porous fabric behind. This facilitates permeability. Typical organic tempers are straw, animal hair or fur, wool or dung. Another equally important property is that organic temper increases the mould material’s green strength, ie its tensile strength in a wet state. The high fibre content in organic temper creates mould material with characteristics similar to reinforced composite materials, ie it can be made leaner and has yet sufficient plastic properties to act as suitable moulding material. To enhance gas permeability further the firing temperature can be used. High firing temperatures result in vitrified fabrics which are less permeable.

			 

			Drying process

			The drying process of clay happens in three stages. In the first stage (Fig 5, I), the loss of water and the shrinkage is proportional. In the second stage, pores are beginning to develop and the clay body still shrinks through the loss of water. The second stage ends when all free water in between the clay minerals is lost. As a result, the clay minerals touch each other. Macroscopically this is recognised as the leather hard state. All further water loss in the third stage results solely in the development of pores, with no further shrinkage.

			 

			Shrinkage of pure clays is inevitable, but the shrinkage of moulding loam can be mitigated by tempering. Temper particles fulfil two functions: First, they minimise shrinkage. Temper does not swell in water, consequently there is no volume reduction during drying. With enough temper the resulting loam may not shrink at all. Second, the temper facilitates drying because of the added capillaries in the temper which are not influenced by the swelling of clay minerals. Thus, lean mould materials with a high mineral temper component may dry faster than rich mould materials. 

			 

			Moulding materials in the historical record

			Theophilus does not provide detailed instructions for the moulding material in his bell-founding chapter. However, he refers to it as well-kneaded clay, a term he uses in three other chapters related to refractory clays and metallurgical activities (Dodwell 1961, 151): 

			‘...argillam fortiter maceratam...’

			The Latin term maceratam is ambiguous and it needs to be discussed as this could also relate to a fermentation process that is often reported from bell foundries (Mödlinger et al. 2024, 9) or in the 16th century literature (eg Biringuccio 1990). While maceratam may imply this notion, the texts do not sufficiently support this interpretation. This is evident in the chapter on the censer (see below).

			 

			He knows of tempering with mineral temper as shown in chapter 22, De vasculis ad liquefaciendum aurum et argentum, ie the chapter dealing with the manufacture of crucibles for melting gold and silver (Dodwell 1961, 74):

			‘...get some white clay and grind it very finely. Take some old crucibles, in which gold or silver has already been melted, and break them up one by one. If you have not got these, take some small shards of white earthenware pot and put them on a fire until they are red-hot. If they do not crack, allow them to cool and grind them one by one. Then add two parts of the ground clay to a third of the fired shards, mix with lukewarm water and knead vigorously. With this form large and small crucibles in which to melt gold and silver.’

			 

			The instructions are clear and straightforward. Theophilus uses old, crushed, and ground crucibles to temper the pure clay in preparation for the crucible manufacture (Fig 6). To prevent contamination, he uses only crucibles that were used for the same materials. He even tells us what to do if there are no old crucibles around. The procedure to use old crucibles as temper for new crucibles has been widely in use from the 11th century to the 20th century in the production of crucibles for the dinanderie in the Meuse region (Asmus 2016a).

			 

			In chapter 61 De thuribulo fusili: the cast censer, he describes the lost wax method in great detail and it is in many respects similar to that of bell casting. He expressly mentions an organic temper that is mixed into the moulding material (Dodwell 1961, 113):

			‘Take some clay, mixed with dung and well kneaded, and have it dried in the sun. When it is dry, grind it and carefully sift it, then, after sifting, mix it with water and knead it vigorously.’

			Again, well kneaded clay is mixed with something else. This time it is dung. Theobald (1984, 114) translates this with horse manure, but dung or manure seems to be a more accurate translation. For the reconstruction both, horse and ox dung were used successfully. Theophilus mixes dung with well kneaded clay, not with fresh white or grey clay or earth. A fermentation of the loam is improbable because it had to be dried in the sun after mixing. 

			 

			Chapter 65 de compositione vasorum, deals with the making of larger crucibles for the use with copper alloys (Hawthorne and Smith 1979, 142):

			‘Take fragments of old crucibles that have previously been used for melting copper and brass and crush them into tiny pieces on a stone. Then take clay from which earthenware pots are made - there are two kinds of this, one white, the other gray: the white is good for colouring gold, the other for making these crucibles.

			Take any small pot and fill it twice with the raw clay and three times with the burnt clay so that there are two parts of raw and three of burnt. Put them together in a large pot and pour warm water over them; then knead vigorously with hammers and with your hands until the mixture becomes completely tenacious.’

			 

			A mixture of 2:3 of pure clay and temper is used to manufacture crucibles for copper alloys. This mixture is just plastic enough to form the crucibles. Theophilus refers to pure clay that is used as raw material as raw white or grey clay or earth; terram rather than argillam. In a moulding context, he uses the expression of well or vigorously kneaded clay: argillam fortiter maceratam. In the three chapters above, he explains the tempering of pure clays with fired clays for the manufacture of crucibles, and the tempering with dung for the production of moulds. It is beyond doubt that Theophilus experienced the effects of tempering with mineral and organic temper. It is very likely he would use this knowledge when preparing moulding material for bell moulds, even if he does not specifically say so in the bell founding chapter.

			 

			Moulding material in the archaeological record

			A comparison of archaeological finds and findings of bell casting and Theophilus’ account can bring to light the degree to which the written record tallies with the material one. Theoretical reconstructions were undertaken by Drescher (1984; 1992; 1995); this paper, however, investigates the practical aspects of early bell founding. Of pivotal interest for a field experiment is the moulding material. To that end, the following section presents a selection of archaeological bell founding mould material from the 10th to the 14th century.

			 

			The composition of the moulding material of the 10th-century bell of St. Oswald, UK is described as very sandy clay, poorly fired and very friable (Bayley et al. 1993, 238). This is clay with a low concentration of binding clay and a high proportion of temper, possibly in the form naturally present in the clay. Similar moulding material is also known from workshops’ casting cauldrons (Fig 7), such as moulding material from Dinant and Namur, Belgium (Asmus 2016a). Unfortunately, there are no archaeometric analyses of the mould fragments of St. Oswald, and for the time being it must remain open as to whether this material was tempered with organic matter as well.

			Drescher characterises the moulding material of the 11th-century bells from Mainz as organically tempered loam that was applied in many thin layers, with the layers becoming increasingly coarser (Drescher 1995, 184). He describes the first layer as a particular fine material. The material was fired to produce a hard mould. At the 13th century bell foundry at the Elisabeth church in Marburg mould fragments were composed of a fine organically tempered loam (Theiß 2015, 22). By the turn of 13th and 14th centuries, the moulding material is being manufactured from a fine clay with a vegetable filler (Bayley and Richards 1993, 186). The bell mould debris from St. Peter from Barton-upon-Humber in Lincolnshire from the 12th/13th or 14th/15th century is described in more detail (Dungworth and MacLean 2004, 4):

			

			‘The bell mould [...] have a porous, low-density fabric which would have contained a high proportion of finely divided organic matter prior to firing, possibly added in the form of animal dung. Any fragments of organic temper have been removed by the firing of the mould […]. None of these fragments contain any noticeable mineral temper in contrast to the fired clay and hearth lining which contained much mineral temper.’

			 

			There is no macroscopically noticeable mineral temper in the above bell mould, but there may be ‘not noticeable’ mineral temper nonetheless. If the grain size was small there might have been a large amount of temper in that bell mould clay. It might not even have been noticeable to the bell founders, but surely this was no pure clay. This would also partly explain – next to the low firing temperature – the low-density fabric.

			 

			The excavation at the monastery Allerheiligen in Switzerland did unearth a bell casting pit and mould fragments dated to the first quarter of the 12th century (Bänteli et al. 1999, 87). The author was allowed to examine the bell mould material preliminarily (Fig 8). The mould consists of numerous layers of 6 to 10mm thickness. Made from fine clay, the material fabric is soft, very fine and shows only very little variation in its grain size distribution. Traces of fine organic temper are discernible. It does appear it was not fired at high temperatures. On the contrary, it appears rather dried. The layers further removed from the wax surface show occasionally well rounded, but small pebbles, not larger than 8 to 12mm in diameter.

			 

			Up to now descriptions of archaeologically retrieved moulding materials that go beyond the characterisation as fine, organically tempered clays, are missing. Archaeometric analyses are generally missing completely. However, the following conclusions with regards to the differences between moulding materials can be drawn.

			 

			While the moulding material of St. Oswald is described as soft and weakly burned, the moulding material of Mainz was fired to a hard consistency. The moulding material of St. Oswald shows no organic temper, whereas the moulding material of Marburg and Mainz are classified as organically tempered clay. The Allerheiligen bell mould shows only traces of organic temper, is fired rather weakly and consists of many succeeding layers, like the ones from Marburg (Theiß 2015, 23) and Mainz (Drescher 1995, 184). All archaeologically retrieved bell moulds deviate in one way or another from the instructions provided by Theophilus (Brepohl 1999). From a craft perspective, this is hardly surprising because the craftsman is, as a rule, forced to work with the raw materials available to him and is accustomed to modify instructions so they yield the desired result.

			The bell casting experiments 2015–2023

			Table 1 provides an overview of the bell casting experiments, their main aims and results.

			 

			Moulding material in the experiment

			The way the moulding material for the casting experiments was made is described below: a combination of these results with practical experience gained from many years of medieval casting reconstructions, as well as published experiments (Asmus 2010; 2016b; Best et al. 2019). One of the serious challenges of craft research is that most of the experience or skill gained in years of working in a craft is notoriously difficult to introduce into the scientific framework. The following moulding material mixtures were prepared over the years: mixtures for the core and for the cope, a fine mixture for the last layer on the core, and a fine mixture to apply as a first layer on the wax model. 

			 

			

			All mixing ratios were measured volumetrically by using a wooden vessel and are presented in table 1. For the core material, a mixture of fresh white sieved fat clay from the Westerwald was mixed with ground fired clay, cow dung, horse manure, and straw. 

			Three parts of fired clay were mixed with two parts of fresh clay and one part of cow dung. Water was added to this mixture and kneaded until completely plastic. Straw was added during kneading until the clay just started to lose its plasticity.

			 

			During the preparation of the moulding loam, it is imperative to monitor its properties constantly. If need should arise, it is good practice to deviate slightly from strict recipes. It is more important to ensure material qualities such as, for example, a good plasticity which prevents the moulding clay sagging downwards in a vertical part of the mould.

			 

			An initial slip layer of very fine clay or slurry is regularly purported to be a necessary prerequisite for good surface reproduction (eg Auenmüller et al. 2019). This is, however, only partly true. While fine clay particles are indeed responsible for good surface reproduction, this does not necessitate covering the wax model with an additional slip layer.

			 

			The application of a fine and very thin slip layer certainly will result in good surface reproduction, and it contributes towards quality of surface reproduction. Even more so when large objects such as bells or cannons are being moulded, but it is neither a mandatory step nor any sort of standard operational procedure. It can be omitted. The clay component of the moulding material is responsible for the quality of the surface reproduction. Clay is sufficiently refractory and possesses the finest grain fraction in the material. This clay part is taking on two roles: that of the binder and that of the material responsible for the fine surface reproduction. For optimal surface reproduction, it is essential to ensure that the clay component makes contact with the wax model. Figure 9 shows this schematically. The fine binding clay can be easily transported to the interface between the wax and loam. By adding a drop of water during the application of the moulding loam to the wax model, a fine slurry is produced at this interface. Applying the moulding loam in a circular motion, all parts of the wax model are covered without faults. By adding the water to the wax model, the moulding loam is not in danger of becoming too wet. Applying the moulding loam by this method produces extraordinarily fine surfaces without the need of applying an extra slip layer as can be seen in Figure 10.

			 

			The lathe

			Theophilus explains how to set up a very simple lathe, in order to turn the model of the bell horizontally. Graphical interpretations may be found in Theobald (1984), Drescher (1984) and Brepohl (1999). The spindle has a quadratic cross-section and tapers from one end to the other, facilitating its removal after completing the lathe work. The spindle ends in a roughly one inch thick, round cylindrical shaft, that functions as a bearing. The other end is also cylindrical, but larger in diameter to accommodate the turning handle. Theophilus does not mention a strickle board. The cores and models are shaped by iron chisel-type implements only.

			 

			

			The core

			The core is the part of the mould that shapes the inside of the bell. It is constructed on a lathe by building up layers of moulding loam (Fig 11, top). Each layer has to dry thoroughly before the next one. Each drying step may require several days, depending on the ambient weather and temperature conditions. Theophilus writes (Hawthorne and Smith 1979, 168):

			‘After doing this take the spindle and surround it with well kneaded clay, two fingers thick at first, and when that has been carefully dried, put another layer on it and keep on going so until the core is filled out as much as you want it to be. Take care that never put on more clay until the layer beneath is perfectly dry.’

			 

			The experiment of 2015 showed that this instruction had to be followed very closely: A first core cracked horizontally because of the moisture contents of the loam. Drescher’s reconstruction shows a fire beneath the core, although this is not mentioned by Theophilus. He follows here the interpretation of Theobald (1984, 406), who compared the bell-founding chapter with the bell-founding instructions left by the Renaissance 
author Biringuccio in his treatise (Biringuccio 1990, 263). Since Theobald’s argument seemed convincing and had been successfully applied by the author in casting smaller objects, the first core was also dried using a small fire beneath it.

			 

			A second core was produced and air-dried over several weeks before the wax model was applied. It was built up from several layers of moulding loam, with each layer air-dried before the next was applied. Before the application, the dried loam layer had to be moistened superficially to facilitate the bonding of the fresh moulding loam. As a last step, a layer of 1:1 clay to cow dung was applied to produce a smooth finishing layer.

			 

			Drying the core with a fire has the benefit of speeding up the core-making process, but it also has disadvantages. Although the clay may feel completely dry on the surface after several hours of firing, it remains moist underneath. This supposedly quick drying method led to a capillary break, which hindered further water transport to the surface and, consequently, slowed down the drying process. However, this does not disprove Theobald’s hypothesis or Biringuccio’s instructions. The issue may be resolved by allowing longer drying times and/or applying thinner loam layers, both of which improve drying results. At this point, it is worth questioning whether our focus on optimising process duration was a concern for 9th to 12th-century bell-founders, and whether longer drying times where an issue at all. As a result, the cores from 2015 onwards were left to dry naturally (Fig 11, bottom).

			 

			

			The bell model

			Theophilus writes (Hawthorne and Smith 1979, 169):

			‘After this, take some tallow, cut it up finely into a pot and knead it with your hands. Then nail two flat smooth pieces of wood, of the thickness that you want, onto a flat smooth board put the tallow in between them, thin it out and even it with a wooden roller as you did the wax above, after putting water beneath to prevent it sticking.’

			Theophilus refers to his chapter on the cast censer, where wax is rolled into sheets, similar to how tallow is made into sheets in the bell-founding chapter. This technique evidently works well for both tallow and wax. The experiments took place during the hottest months of the year, and the tallow prepared for the experiment could not be used because it was too soft to work with at temperatures around 32 °C. As a substitute, beeswax was used. It was warmed to the working temperature near the fire and rolled into sheets using Theophilus’ tool (Fig 12, top). The thickness of the wooden strips determines the wall thickness of the bell. In the experiment for the Canino bell the strips were 6.5mm thick, for the Hachen bell 12mm, for the Graitschen bell 15mm and for the Bürgli bell 2.6mm (Kramer and Jenisch 2022). In consecutive experiments, several attempts were made to use tallow, but all failed for the same reason, the tallow available was too soft to be worked in the summer temperatures.

			 

			Theophilus instructs further (Hawthorne and Smith 1979, 169):

			‘Next lift it up and rapidly lay it on the core, and join it on around with a hot iron. Thin out another piece of tallow again in the same way, lay it on next to the former piece, and go on doing so until you have entirely covered the core. Make the rim of the bell as thick as you want. When the tallow is completely cold, turn it with sharp tools.’

			 

			The wax sheets were applied firmly to the loam core in their warm state (Fig 12, bottom). With a hot iron the wax sheets were joined. The working of the wax with the hot iron tool went very well, as it did not remove material, but melted and spread it locally. The final shape was given to the bell by turning it with a sharp iron tool. A perfectly round core is crucial; otherwise, the bell will have uneven wall thickness. 

			 

			Theophilus instructs (Hawthorne and Smith 1979, 169):

			‘Then put on it sifted and carefully mixed clay and, when it is dry, you add another layer on top. When this is also completely dry, turn the mould on its side and, extract the spindle by hammering gently. Lift the mould up again, and fill up the upper part of the hole with soft clay, and press into it along the axis a bent piece of iron for the clapper to hang on, with its ends projecting outside. When this clay is dry, level it off to the rest of the core and cover it with tallow so that the ends of the bent iron are deeply embedded in it. After this shape the neck and the canons and a vent and gate on the top and cover it all with clay.’

			 

			A model made from tallow is so delicate it would be damaged if it was taken from the lathe without a thick protective layer of moulding loam. The bee’s wax model could be taken directly from the lathe and placed vertically on two work trestles. The spindle was removed by slightly tapping on its top end. The hanger for the clapper, a U-shaped piece of steel, was fastened in the wax model (Fig 13, left). The thickness of the bell in the area of the clapper hanger was tripled, to allow enough bronze to solidify on top and bottom of the hanger. At last, the bell’s canons and crown were modelled onto the wax model (Fig 13, right). The crown also acts as the down-flue of the mould (Fig 14). All bells in medieval times were cast from their top, through the crown, without an additional gating system.

			 

			

			The size of the bell Theophilus

			Although Theophilus advises making the bell’s thickness and size according to one’s own preference, he does mention one absolute measurement. This occurs in the section on firing the bell mould (see above) and allows us to estimate the size of the bell he had in mind. The space between the stones supporting the bell during firing is reported to be one and a half feet wide and one foot high. Assuming a medieval foot measures 30cm, with a base thickness of 10cm for both the cope and core, the mould would rest evenly on the supporting stones, giving the sound bow a diameter of 65cm (45cm + 20cm). With only around 20 surviving early bells, all with significantly different profiles, three existing bell profiles were scaled to 65cm to estimate the bell’s mass. 

			Several profiles were used to establish plausible upper and lower mass limits (Lullus profile: 284kg; 

			Graitschen profile: 233kg; Hachen profile: 207kg). Using 3D software, the Hachen (Best et al. 2019),

			as well as the Graitschen (Mende 2013) bell profiles were scaled up, and the Lullus bell profile

			(Liebeskind 1905) was scaled down (Fig 15).

			 

			The order of magnitude for the bell described by Theophilus is highly instructive. It goes beyond mere considerations of the bell’s dimensions and mass, carrying significant implications, particularly regarding the masses expected to successfully melt within a single furnace (Dodwell 1961, 153):

			‘In the meantime, take an iron crucible with a round bottom, which is of use only for this work and which has two iron handles on each side (or two or three crucibles if the bell is going to be big) and coat them inside and out with well kneaded clay, a first, a second and a third time until the layer is two fingers thick.’

			This indicates that for larger metal quantities more furnaces needed to be made. Further, the masses approximated above indicate the quantities these furnaces were able to melt. 

			 

			The cope

			Theophilus advises (Hawthorne and Smith 1979, 169):

			‘When the clay has dried all over for the third time, bind the mould with iron hoops, so close together that there is not more than a hand’s width between any two hoops, and apply two layers of clay over them all.’

			 

			The copes of the moulds were made of up to four layers. The first layer differed in composition in the experiments until 2018, it did not do so in the experiments afterwards, because there was no observed benefit. The fine layers were made from one part each of cow dung, fine silica sand and binding clay, as the moulding loam contained large straw. The other three layers consisted of the same moulding loam from which the core was made. The cope also possesses two channels at the bottom side of the sound ring, which are used to remove the molten wax from the mould cavity during the initial stages of the mould firing (Fig 14, right). These two channels have to be completely sealed before the firing of the mould at higher temperatures. Between the third and fourth layer of moulding loam, three to seven iron rings were fastened to the mould and subsequently covered with a loam layer. Theophilus instructs to place the rings one palmo, ie on hand’s width apart. In the author’s experiments on smaller bells, one ring was placed at the height of the sound ring, another at the shoulder, and one ring in between those two. For larger bells, the number of rings was increased, with a space between the rings not exceeding one hand width. These rings, especially the lower one, assist in resisting the so-called metallostatic pressure which presses upon the mould walls during casting. It is calculated here for the mould of the Canino bell, with the density of the metal ρ, the height of the liquid metal column h and gravitational acceleration g:
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			From the calculation it becomes apparent that the mould has to withstand a pressure of 5hPa or 0.5bar, which a mould within a well-compacted dam pit should also withstand without iron rings. But they also fulfil another purpose. During firing they keep the mould together and impede the formation of cracks. Archaeologically, iron rings are known from larger bells only (Drescher 1995), which suggests Theophilus is reporting on the casting of a significantly larger bell.

			 

			Firing of the mould

			A section is dedicated to lowering the bell mould into the firing pit or dam pit. The mould is placed on top of the sand-filled firing pit, and the sand is gradually removed from beneath it, causing the mould to descend. Theophilus describes making a large bell that cannot be moved by hand. This was not relevant for our experiments, as the mould could be lifted into the pit by two to four people (Fig 16). In this pit, the bell was first fired and then cast. Theophilus describes the pit as follows (Hawthorne and Smith 1979, 170):

			‘Then dig a pit in the place where you want to set the mould for baking, of a depth corresponding to the height of the mold [and of appropriate] width. Now build a strong base with stones and clay, like a foundation, a foot high, on which the mould will stand. In a straight line running through the centre of this base there should remain a space like an alley, a foot and a half wide, where a fire is to burn beneath the mould.’

			 

			With regards to the firing bases, the smaller dimensions of the bell moulds made some adjustments necessary. Accordingly, the flue underneath the various bells only had a width between 15 -25cm. This provided sufficient structural support for the mould during baking. A small fire was lit to start the liquefaction of the wax within the mould and to be able to drain it from there. Later, the fire was increased so as to melt the wax in the upper parts of the mould as well. Depending on the size of the bell moulds about 18 to 24 hours were needed to remove all wax from the moulds and a more vigorous firing of the mould could commence. Theophilus describes this step very accurately, which shows first-hand knowledge of the involved processes (Hawthorne and Smith 1979, 170):

			

			‘When the tallow has been completely drained out, stop up both the drainage holes with the proper amount of beaten clay without damaging the rim of the bell, and put more wood round the mould so that the fire may be kept in for the whole day and the following night.’

			 

			The instruction divides the firing process of the mould clearly into two consecutive stages. In a first stage the tallow, in our case the wax, had to be melted out. After that the holes, ie the drainage channels, had to be stoppered. Only then could the firing of the moulds begin. Theophilus writes of 24 hours of firing. In our experiments, the firing or baking took another 44–48 hours, which resulted in a total of some three days for melting the wax and firing the mould. The longer firing period can be explained by the severe weather conditions in the first experimentations. In the experiments conducted during 2015 and 2016, prevailing rainy weather necessitated longer drying periods as a precautionary measure to guard against moisture in the casting moulds. Moisture in moulds can lead to severe reaction with the molten metal and result in bodily harm to the experimenters. For safety reasons this drying protocol was used in all later experiments, even when the weather was fairer. During the last hours of the mould firing, the melting furnace was started so that the melt could be cast in a warm mould.

			 

			The melting furnaces

			The first experiment was designed to test the validity of the bell moulding process and it was therefore decided to use a furnace design that was described by Theophilus, but not in the bell-founding chapter. The reason for this was two-fold, first the furnace description and operation in the bell-founding chapter is somewhat difficult to interpret, and second, it was thought more important for the experiment to be able to cast a bell at all. Rather than to follow every last detail of the bell-founding chapter, it was decided to utilise the other Theophilus furnace design, described in his chapter de fornace. 

			 

			The forced air furnace described in the bell chapter is for larger metal amounts and was tested unsuccessfully in second experiment in October 2016. It is a shaft type furnace, which possesses a tap hole for tapping the liquid metal directly into the mould. A section in Theophilus’ description of the furnace, where several layers of oaken split discs had to be introduced into the red-hot furnace, was particularly difficult to interpret. In 2018 two furnaces were built, due to the fact that all experiments were carried out in different locations. Experiment 3 in 2018 focused solely on refining the moulding technology, and a modern gas furnace was used to melt the bronze.

			 

			Table 1 presents amongst other information the furnaces used for the experiments: In experiment 1, 2b, 4, 5, 6a and 7 the furnaces as described in the 64th chapter, de fornace (Fig 3) were used, with which construction and operation the author has more than 15 years of practical experience. It is a furnace made from loam, which sits on four stones somewhat elevated from the ground. The sole of the furnace is perforated and crucibles and fuel are placed into the furnace. The furnace operates with natural draft (Asmus 2009) (Fig 17). The furnace holds three crucibles each of 15kg, later 20kg capacity.

			 

			The furnace operates with natural draught and does not require any bellows. Its mode of operation produces a high-pressure zone immediately above the furnace flue, leaving a low-pressure zone below the furnace. The ambient air pressure pushes air into the furnace through the perforated sole (Asmus 2009).

			 

			This furnace design proved to be very effective. In the first experiment, in 2015, the furnace melted 44kg of bronze within 4 hours. It used 36kg of charcoal. To work properly, this furnace needs to be pre-heated, which was done with wood and without crucibles for approximately 3–4 hours.

			

			For occupational health and safety reasons, as well as for process reliability, graphite crucibles were chosen over clay crucibles, such as for example the Hessian ware, which is not nowadays of the same quality as in Renaissance times.

			 

			Archaeologically, crucibles with a capacity of 12kg are evident in the 12th-century foundry of Bonn Schwarzrheindorf (Janssen 1987). The 15kg crucibles used in the experiments are only slightly larger than those that so far can be proven to have been available in the 12th century.

			The metal

			The alloy that was used is specified by Theophilus in two places. One is the copper smelting chapter de cupro, the other is the bell founding chapter. In both chapters, Theophilus recommends an alloy composed of four parts of copper and one part tin (Theobald 1984). 

			 

			In 2015, the utilised bronze is a 20wt% tin bronze CuSn20, where the charge consisted of CuSn12 and CuSn14, which was alloyed with tin to the specified tin concentration of 20%. In 2016 and 2018, copper was alloyed with tin metal. In 2022, copper, 12% tin bronze, and tin were alloyed to the specified composition. In 2023, recycled CuSn20 from the 2016 bell experiment was used. To do so, metal was heated to approximately 1050°C and alloyed with the appropriate amounts of tin.

			 

			Tin bronzes do not possess a melting point, but a melting interval, between the solidus and liquidus temperature. At the solidus temperature, the metal begins to liquefy andit is fully molten at the liquidus temperature. A 20wt% tin bronze has a solidus temperature of 820°C and a liquidus temperature of 890°C. The melt was superheated by approximately 160°C to a casting temperature of 1050°C. Before casting, any remaining charcoal or dross was removed.

			 

			Another remark may be made here. It is not necessary to know the temperature of the metal before casting. In modern times, the temperature is used as a proxy value for the liquidity of the metal, or its capacity to fill the mould satisfactorily. Because temperatures can be measured today with ease, there is a distinct distortion in the perception of the casting trade. The metal founders do not need to know the temperatures, they rather gauge the correct casting moment by the way the metal bath behaves. The author usually stamps his foot next to the furnace. If he can see tiny ripples on the metal bath, he knows it is ready for casting and the metal liquid enough to fill the mould. This is independent of the chemical composition of most copper alloys and was used successfully with brass, bronze, and red brass, both leaded and unleaded. There are of course also other clues, such as the colour of the melt, that are used in conjunction with the fluidity test, but are usually based on the metal founders personal experience.

			 

			The casting

			Casting was carried out with two founders and two assistants, casting the metal from three succeeding crucibles (Fig 18). One assistant removed charcoal and dross from the molten metal and placed the crucibles from the furnace into the casting tool. The second assistant’s job was to prevent dross, metal oxides or charcoal still present on the melt from entering into the mould. Theophilus has made keen observations when he warns about the logistics and staff management during this critical stage of the process (Dodwell 1961, 154):

			‘The work at this point does not require indolent workmen but quick, keen ones for fear the mould be broken by carelessness of any kind, or someone gets in the way of, or hurts, another or makes him lose his temper, which is to be guarded against at all costs.’

			With regards to the cooling of the bell he instructs (Dodwell 1961, 156):

			‘When the metal has solidified in the funnel, have the earth promptly thrown out from between the mould and the pit and let the outside of the mould become fairly cool.’

			 

			Then the mould is lifted by filling up sand underneath the mould. In the case of the experiments, the mould could be lifted out of the mould by two to four men. This instruction shows once more that he was a keen observer of all metallurgical matters (Dodwell 1961, 157):

			‘This done, it is laid completely on its side and the inside clay is quickly dug out with hatchets and other sharp tools, fitted with long wooden handles, for, if this were allowed to get cool inside, it would swell from the dampness of the earth and the bell would undoubtedly be cracked.’

			 

			The second part of this section is even more interesting, as it shows that these bells could develop cracks when left to cool in their moulds. This is a strong difference to the casting of bells nowadays, where bells are left alone until cold, before they are removed from the mould. The reason for this lies in the different shape of the profile. Early bells possess a rather thin wall that may easily crack when left on the core, due to the shrinkage of the metal. Theophilus noticed the cracks and attributed them to core expansion, though we now know they result from metal shrinkage. Despite his incorrect explanation, he still successfully solved the problem.

			Conclusions and future work

			These experiments to reintroduce the early bell foundry process as described for Theophilus’ time worked very well. Even with the mishaps during the casting it shows that the whole process is described very meticulously and can be easily followed by a skilled crafts person. Many practical aspects of the process could be explained. As a result, the following points can be made. The experiments propose a fully working method to cast early bells, which has since resulted in two church bells being used on a daily basis. The materials for a working moulding loam could be reconstructed and were tested successfully in several casting experiments. The moulds did not develop cracks during melting wax, firing or casting. The moulds can be easily fired in the casting or dam pit and the moulds withstand the metallostatic pressure without problems. The surface quality is very good.

			 

			There is no technical problem casting from three or presumably more crucibles. If there are problems, they arise more likely from the coordination of the team that retrieves the crucibles and pours the metal. If the team is well coordinated with the task, there were no cold fusions.

			The process described by Theophilus was sufficiently accurate that an experienced foundry-man could follow his instructions, provided he is sufficiently experienced with the utilised materials. It can be surmised that in Theophilus’ times this must have been true for many metal workers. The description of the moulding material is rather short, so that a craftsperson without experience in mould making had to have their own experiences before successful large-scale castings could be performed. 

			 

			Future work is planned on the furnace design described in the bell founding chapter. This furnace is capable of melting larger amounts of metal. Mastery of this furnace type was a pre-requisite of being able to produce the monumental castings in the high medieval period. It is planned to reconstruct these in preparation for the casting of larger medieval objects, such as doors or larger bells.
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			ABSTRACT:  This paper presents key results from experimental work on traditional bronze casting, focusing on early to high medieval bells, roughly between the 8th and 12th century AD. It demonstrates that combining craft, historical sources, and modern science can effectively revive lost technologies. The reconstruction is based on Theophilus Presbyter’s Schedula Diversarum Artium, dated to the early 12th century, whose precise instructions were critical, though several field-scale experiments were required to refine the process.

			These experiments are part of broader research into medieval large-scale casting methods in central Europe. The paper argues that more than experimental archaeology or traditional craft is needed to understand and recreate lost technologies. Researchers must invest significant time mastering materials, tools, and techniques to grasp craft processes fully. Brief experimental engagements fail to capture the depth of these traditions. This approach bridges archaeology and hands-on practice, challenging conventions in both traditional craft and mainstream academia.
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			Figure 1: Schematic profile view of modern and early cast bells. The uniform thickness of the early bells is responsible for their typical harsh chime.
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			Figure 2: La figar, a very early bell from San Zeno, Verona, Italy. This is quite possibly older than the Canino bell. The bell weight is 27kg, its height 395mm.
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			Figure 3: Reconstruction of a Theophilus furnace of chapter 64, de fornace. Casting of the Bürgli bell in 2023. Photo: Isabel Krichel-Bonstein.
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			Figure 4: The top row shows mould material with a mineral temper component in excess of 50% by volume. During the drying process, water is removed from the clay fabric, which is in turn shrinking and developing pores. The temper acts as structural framework and thus prevents the mould from shrinking: it keeps the dimension of the green mould. The lower row shows the behaviour of clay minerals during the drying process.
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			Figure 5: Bourry diagram which shows the relation between water loss, pore development and volume shrinkage of pure clay during the drying process (after Salmang and Scholze 2007, 629).

		

		
			
				[image: ]
			
		

		
			Figure 6: Cross section of an unused 15th century crucible from Dinant, Belgium. XPL, section width: 2.6 mm. Clearly visible are the temper inclusions (white and dark) and the yellowish clay fabric. The temper inclusions possess a glass layer obtained during the previous use as a crucible.
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			Figure 7: Section width: 260 µm. Typical mould fabric of a cauldron mould from Dinant under high magnification. This is at the boundary between the lute and the mould. Clay with red iron oxides is situated around the quartz grains.
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			Figure 8: Fragment of a bell cope from Allerheiligen monastery, Schaffhausen, Switzerland (top left and right). The fine organic temper can be made out in the close-up at the bottom left. The thickness of the individual layers is just below 1cm (bottom right).

		

		
			Table 1: Overview of the key parameters and outcomes of the bell-casting experiments 2015–2023.
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							process works; mould loam rather rich

						
					

					
							
							secondary layers coarser

						
							
							2 + 3 + 1

						
					

					
							
							last layer core

						
							
							1 + 0 + 1

						
					

					
							
							2a

						
							
							2016

						
							
							Caníno

						
							
							8th or 10th(?)

						
							
							Theophilus shaft furnace; 
leaner moulding loam

						
							
							first layer of fine slurry

						
							
							2 + 4 + 1

						
							
							
							x

						
							
							
							
							
							
							
							
							
							
							furnace failed

						
							
							design flaw in furnace

						
							
							more  dedicated experimentation needed

						
					

					
							
							secondary layers coarser

						
							
							2 + 3 + 1

						
					

					
							
							2b

						
							
							2016

						
							
							Canino

						
							
							8th or 10th(?)

						
							
							
							first layer of fine slurry

						
							
							2 + 4 + 1

						
							
							x

						
							
							
							
							3x 15kg

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							
							
							cold shut in bell

						
							
							improperly restored furnace from 2015; too inexperienced members

						
							
							second attempt to save the mould

						
					

					
							
							secondary layers coarser

						
							
							2 + 3 + 1

						
					

					
							
							3

						
							
							2018

						
							
							Caninio

						
							
							8th or 10th(?)

						
							
							Application of loam

						
							
							first layer of fine slurry

						
							
							2 + 4 + 1

						
							
							
							
							x

						
							
							1x 60kg

						
							
							x

						
							
							x

						
							
							x

						
							
							
							x

						
							
							
							moulding material flaw

						
							
							loam application method

						
							
							moulding loam leaner

						
					

					
							
							layers completely dried

						
							
							2 + 4 + 1

						
					

					
							
							4

						
							
							2018

						
							
							Canino

						
							
							8th or 10th(?)

						
							
							putting all results  together

						
							
							same mould material (leaner moulding loam) for all layers

						
							
							2 + 4 + 1

						
							
							x

						
							
							
							
							3x 20kg

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							slight mould damage

						
							
							armature too weak

						
							
							max limit inorganic temper

						
					

					
							
							5

						
							
							2018

						
							
							Hachen

						
							
							11th

						
							
							Whole process

						
							
							same mould material for all layers

						
							
							2 + 5 + 2

						
							
							x

						
							
							
							
							3x 20kg

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							no failures

						
							
							
							organic temper extends; plasticity allows for more inorganic temper

						
					

					
							
							6a

						
							
							2022

						
							
							Grait-schen

						
							
							12th

						
							
							huge field experiment; inscription in the model; large amount of bronze; limit of melting amount

						
							
							same mould material for all layers

						
							
							2 + 5 + 2

						
							
							x

						
							
							
							
							1x 80kg

						
							
							x

						
							
							x

						
							
							x

						
							
							
							
							
							furnace failed

						
							
							charcoal quality; furnace size limits

						
							
					

					
							
							6b

						
							
							2022

						
							
							Grait-schen

						
							
							12th

						
							
							see above

						
							
							
							
							
							
							x

						
							
							1x 80kg

						
							
							
							
							
							
							x

						
							
							x

						
							
							crown missing

						
							
							mould leakage through the top of the core, along the iron clapper hook

						
							
							second attempt to save the mould

						
					

					
							
							7

						
							
							2023

						
							
							Bürgli

						
							
							11th

						
							
							Tempering with animal hair

						
							
							first layer of fine slurry

						
							
							2 + 5 + 2

						
							
							x

						
							
							
							
							1x 6kg

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							x

						
							
							no failures

						
							
							
					

					
							
							secondary layers coarser

						
							
							2 + 5 + 2

						
					

				
			

			Notes: a C: clay, MT: mineral temper, OT organic temper. The numbers represent volumetric proportions of dried clay and temper, horse/ox manure was used freshly.

		

		
			Figure 9: Method 1 shows a wax model onto which a slurry is applied to produce good surface reproduction. Method 2 shows an alternative to produce an equally fine surface. It uses the swelling properties of the clay. If the wax model is moistened, the water on the wax creates a watery suspension of clay minerals at the interface between wax and moulding loam. This can be used to mould the fine details of the wax model. Good surface quality can also be achieved if the physical properties are used to one’s advantage.
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			Figure 10: Photo of a piece of a reconstructed 13th century aquamanile mould. The moulding loam was applied according to method 2 in figure 9. The surface reproduction is very good, although the layer was applied in only one layer with coarsely tempered loam.
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			Figure 11: top: Reconstruction of the bell making lathe. Instead of the split timber wall Theophilus describes, two saw horses are used to act as bearings for the spindle. Bottom: The outermost surface of the core is responsible for the surface on the inside of the bell. That is why this surface is smoothed with a mixture of each one part of cow dung and fresh clay.
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			Figure 12: Top: Rolling of the wax sheets according to Theophilus Presbyter. The thickness of the wooden strips determines the wall thickness of the bell. Wood and rollers are moistened to prevent the wax from sticking. Bottom: After all the wax sheets were placed, the sound ring needs to be made. 

		

		
			Figure 13: Left: The clapper hanger is fixed in the wax model in such a way that its top ends are completely immersed in molten metal during casting. Right: The notch around the core improves the fit of the core and cope.
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			Figure 14: Left: The crown model of the bell as when the model placed vertically on a work surface. Right: A finished wax model of the bell and first layers of moulding loam. The wax tube is for draining the wax from the mould.

		

		
			Figure 15: This illustration compares the bell profiles of the Hachen bell, the Graitschen bell and the Lullus bell. It also shows various stages of the moulding process. The supporting stone structure (1), wax model (2), the down sprue (3), vents (4) and drainage channels (5). The third image indicates the approximate thickness of the cope (6), the mould cavity (7), the core (8) as well as the clapper hanger (9), which are rotated by 90° in the z-axis, for illustration purposes. The iron hoops were omitted for image clarity.
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			Figure 16: Left: The green mould in the firing pit. Right: The last layer above the iron rings was applied in the pit.
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			Figure 17: Schematic view of the furnace that was reconstructed for the bell experiment. It is based on the furnace described in Theophilus’ furnace chapter. The furnace holds three crucibles. The crucibles had about 1cm distance to the furnace wall and touched each other in the centre. The sole of the furnace is perforated. The fuel is next to and on top of the crucibles. The furnace works with natural draught only.
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			Figure 18: Casting of the bell bronze for the Bartholomew bell, Paderborn 2018. Photo: Dennis Molly. 
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Bridging the past and present by skill:
Exploring Medieval bell casting by

experiment

Bastian Asmus

ABSTRACT: This paper presents key results from experimental work on traditional
bronze casting, focusing on early to high medieval bells, roughly between the Sth
and 12th century AD. It demonstrates that combining craft, historical sources, and
modern science can effectively revive lost technologies. The reconstruction is based on
Theophilus Presbyter s Schedula Diversarum Artium, dated to the early 12th century,
whose precise instructions were critical, though several field-scale experiments were
required to refine the process.

These experiments are part of broader research into medieval large-scale casting
methods in central Europe. The paper argues that more than experimental archaeology
or traditional craft is needed to understand and recreate lost technologies. Researchers
must invest significant time mastering materials, tools, and techniques to grasp craft
processes fully. Brief experimental engagements fail to capture the depth of these
traditions. This approach bridges archaeology and hands-on practice, challenging

conventions in both traditional craft and mainstream academia.

Introduction

Theophilus Presbyter

Theophilus Presbyter has left us a treatise, the schedula
diversarum artium. which documents the state of the
art of the 12th century with a hitherto unprecedented
level of detail. Instructions for various crafts such as

painting. glassmaking. goldsmithing. blacksmithing.

organ building and metal casting are covered.

According to Dines (2014). Theophilus is not the famous
goldsmith Roger of Helmarshausen as Ilg (1874) and
later Freise (1981) suggested. Rather. several authors
and copyists are responsible for collating. if not also
authoring, the schedula. In the first of the three books
Dines identified linguistic links to Lombardy by one
of two of these authors: an author called Lumbardicus.
The instructions in the first book of the schedula are
of Byzantine origin (Dines 2014, 7). but Lombardy or
Salerno being rather likely places of origin for these
texts. A second author called himself Northungus and

@ @ © 2024 The Authors.
This work is licensed under a Creative Commons Attribution 4.0 International License, ISSN

is possibly identical with Northungus of St. Michael in
Hildesheim: a famous physician and encyclopaedist with
a strong interest in the medical works of Salerno. He
‘would be the author or collator of the third book. dealing
with all the metal trades (Dines 2014, 8).

Regardless of the authorship. the schedula was unde-
niably authored by one or more highly experienced
artisans. This could be exemplified for one of the most
controversially discussed chapters. the copper smelting
chapter (Hawthorne and Smith 1979. 139). It has been
shown that the confusion and misunderstanding lie with
the modern translators rather than the original authors
(Asmus 2012).

The largest chapter of the schedula describes the
bell-making process in great detail (Dodwell 1961:
Hawthorne and Smith 1979: Theobald 1984: Brepohl
1999). This paper reports the main findings of a series
of seven experiments to cast bells which closely follow
the rules of Theophilus, while also considering the
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