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Craftsmanship relies upon the silent knowledge of the skilled experience of the creative
workings of the hands, a knowledge that is difficult to convert to written characters without
creating a blur of words that make very little sense. Theoretical reasoning lacks the dialogue
with, and the resistance from, the raw material. Making up a picture of how wax, clay and
metal would behave without practical experience of them is next to impossible. You must
work with the material directly to get proper answers. After nearly 600 recorded castings with
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reconstructed early medieval casting technology behind me, and just as many unrecorded, |
may perhaps consider myself a craftsman almost as much as | am an archaeologist, and |
would like to share a little of what | have learned from these experiences.

An intriguing
phenomenon that
sometimes occurs on
Viking jewellery is
textile patterns on the
reverse. (...) The
patterns are always
positive which indicates
that the textile must
have been a part of the
modelling and

In this paper, | will discuss Viking period mould making and
mass production of jewellery in the light of my own
experimental experiences. | will make comparisons with a few
published papers on the subject since the early 1980s, and test
their suggestions concerning lost wax casting, mould making
and methods of mass reproduction. This article is illustrated
with photographs of my own reconstructions.

There are old, unfortunate standpoints that still are alive in
archaeometallurgy, used as “truths”; the idea that lost wax
castings do not leave two-part moulds behind, and that the
method could mainly just be used to create unique pieces. The
formula “two-part mould - not lost wax” is a deceptive

moulding process. (...) simplification and more of an obstacle than an aid when we try

They are not
impressions, but

to understand archaeological workshop materials. In this
paper, | will show that the reality is far more complex and that

positive patterns in the ceramic moulds that appear to be made as two-part moulds

cast metal. can actually emerge from lost wax casting. | will also try to
explain that how we choose to identify the mould making
technologies, will make crucial differences when we estimate the potential of early medieval

jewellers' production capacity.

The basic steps of the casting process

To have an idea of what we are dealing with, we need to know the basic steps in the process
of casting copper alloys and noble metals. They are:

1. Making the mould of a heat-resistant material; usually stone, sand or ceramic.
When making a stone mould, you carve the negative cavity out of the stone by hand.
When making a sand mould, you press a model in the sand and remove it prior to
casting.
When making a ceramic mould by the direct method in a two-part (or bivalve) mould, by
pressing an original model into the mould material, the model is removed from the
mould before firing it. The original model can be a metal model, even an old piece of
jewellery that you want to reproduce.
When making the mould by the lost wax method, the wax model is melted out of the
mould prior to firing. The wax model may be a unique original that you have modelled in
wax, or a mass reproduced wax model. The original model that you want to reproduce
can be a metal model.



2. When making moulds of tempered clay, they must be fired and turned into ceramic prior
to casting. Pouring molten metal into unfired clay is dangerous, as it will release the clay's
chemically bound water explosively. This water is safely released from the clay if you
slowly fire it into a ceramic.

3. Melting the metal in a crucible.
4, Pouring the hot metal (1100-1150°C) into the hot mould (400-800°C).

5. Opening the mould to get out the object from it. In stone mould casting and sand casting
you simply open it, in lost wax casting you usually break it.

6. Finishing the object by retouching flaws in the ornamentation and removing flashes
created by unintentional pores in the mould and by the spaces between the mould's
halves.

Contemporary Mould Making Technologies

Contemporary lost wax casting is not made with two-part (or bivalve) moulds. You make them
in one single part and you open them by breaking them. An important difference between
modern and medieval lost wax casting that we must bear in mind is that today we use liquid
mould materials, not the medieval craftsman's sluggish clay-mixes. This makes a huge
difference to the methods of mould making.

In present-day lost wax casting, you use a liquid plaster/clay/grog/water-material where the
water burns with the plaster (with jewellery casting as well as in art foundry), or you dip the
wax model repeatedly in a slurry of a liquid binder (usually colloidal silica) and pulverized
fired kaolin, rolling the object in kaolin grog between the dippings. Then you fire the mould
into a durable ceramic material prior to casting (ceramic-shell precision casting).

In sand casting, you press the original model in the mould material. An early work actually
suggested that Viking age jewellery could have been cast in sand moulds and that the ceramic
moulds found may be the remains of petrified sand moulds (Korosuo, 1946). Today, we have
access to a range of archaeological materials of ceramic moulds that most probably rule out
the idea of Viking sand casting (cf. Lamm, 1972; 1980; Brinch Madsen, 1984, Jakobsson, 1996;
Pedersen, 2010; Ambrosiani, 2013, pp.237 ff).

Two-Part Ceramic Moulds and Lost Wax

Thunmark-Nylén (1983, p.24) suggested that two-part moulds could actually have been used
in lost wax casting and so did Lenborg (1988, pp.80-81) who suggested that the thin space
between the two halves could have served as air vents. Another advantage with two-part
moulds is that they are easier to open without breaking a small and delicate piece of
jewellery. Those moulds even have a tendency to open themselves during cooling, as an
effect of shrinking tensions between the metal and the mould material. The thin outer sealing



cracks open along the joint between the two halves, and thus the opening procedure will
require minimum force

But more than this, the division of two halves may be an unintentional result of the method
of mould making itself. As mentioned, present-day lost wax mould making is made with liquid
mould materials that easily can be poured over the wax model, or in which the model may be
dipped. The medieval mix of clay, sand or silt, organic temper and water is a sluggish porridge
that must be modelled onto the wax original. The tempering of the clay mix is necessary, to
increase the moulds’ thermoshock resistance. It also decreases the shrinkage of the clay.
Objects made of natural clay shrink approximately 10 % when drying, but the shrinkage is
dramatically decreased by the temper. | usually see shrinkage of between 2-5 % from the
original model to the end product in my own practice.

Applying tempered clay to wax models is a tricky procedure when we work with small models
of jewellery size. Especially since the water-based material and the fatty wax act as repellents.
This means that we need a method that minimizes the risk of trapping air pockets between
wax and clay that could create flaws in the finished cast object and yet be able to work quickly
when required.

The most natural method, in my opinion, is to start with a little lump of clay mix on a flat
surface and press the wax model into it (See Figure 1). After doing this, the air pockets next to
the model that appeared when pressing it in the clay mix must be carefully removed (See
Figure 1, right). Then we must wait until the mould material has dried a little and became
leather-hard to cover the model with more clay. If we do not, the addition of new clay mix
onto the still wet and plastic bottom layer of clay may create new air pockets next to the wax
model. Such air pockets will be filled with metal when casting and destroy the result. It may
be the properties of the mould material itself, and the way it responds to the fatty wax model,
that forces us to use a process that will create “false bivalve moulds” in the end.

While waiting, other moulds can be prepared in the same production series. A series of about
ten or twenty moulds can easily be prepared like this simultaneously. When the last lower
mould part is finished, the first one will be stable enough to cover with an upper layer of clay
(See Figure 2). This is a rational procedure that will be most efficient in larger mass-
production of specific objects. Every single mould will need a little time to create but you can
be very productive and keep up a good speed, while still keeping control of what you do and
be assured of an optimal result.

After pouring and opening the moulds they are now considered as discarded waste. These
are commonly found during archaeological excavations. Since clay with different grades of
moisture do not stick to each other during drying and firing, the moulds will separate
spontaneously along the joint between the lower and the upper parts. They will simply look
like bivalve moulds when we find them in the workshops' waste deposits (See Figure 3).



Making Moulds by Pressing a Metallic Model into the Mould Material

So, does this mean that the use of true two-part moulds is completely ruled out? Not at all,
the problem is that earlier interpretations created a polarized situation where one
interpretation negated other interpretations. But obviously, both methods have been used.

The distinction between a true bivalve mould where you have pressed a metallic model
directly into the clay mix, and what | may suggest is a “false” one made by the lost wax
method, is not as obvious as one may think. The observable first sign to look for may be keys
and keyholes, which help you put the halves together accurately after opening it to take the
model out. But even this is not a certain sign when we deal with the production of specific
objects, as shown further down in this paper.

Keyholes can be studied in mould fragments from the Migration period settlement Helgd,
Sweden (See Figure 4), from Pictish layers at Brough of Birsay (Curle, 1982, p.26) and from the
Swedish Viking settlement Birka (Ambrosiani and Eriksson, 1992, p.41). The process of making
a mould like this is shown in figures 5 and 6. These keys and keyholes are usually missing in
Scandinavian Viking period moulds. One of the exceptions are moulds for oval brooches
(Brinch Madsen, 1984, pp.33-34) but in this case, they are not necessarily signs of not having
been made by the lost wax method. The casting of oval brooches requires the use of a textile
cloth in the model making, that must be brought out of the mould before finally closing it,
firing it and pouring metal into it.

So, if the use of keys and keyholes are not reliable signs of making moulds by the direct
method - is the absence of them a reliable sign of using the lost wax method? No, not
necessarily. You can put together two mould halves without keys and keyholes, at least with
an acceptable accuracy. The only way to make a certain analysis of the mould making method
is through the surface structure analyses on cast objects that are in good condition with their
original surfaces intact.

Mould making with the different methods gives different qualities to the surface registration
in the moulds, differences that will be transferred to the cast object. As the surface of the
cavity in a lost wax mould will be protected from air by the wax model during drying, it will
retain a full accuracy of the model. When making a mould with the direct method, the model
must be brought out of it before the mould dries, shrinks and cracks around the stiff model
material and before it has lost its plasticity - the very little plasticity that is left in a clay that
may be tempered with up to 57-63% of sand and 3,47- 5,54% organic material (% by dry
weight, cf. Brinch Madsen, 1984, p.33).

This implies that during the last part of the drying process, the registration inside the mould
will be exposed to air, and you will attain uneven surfaces due to the different fractions of



materials in the clay mix. The clay itself will shrink more than the embedded grains of sand or
silt (See Figures 7 & 8). This will be visible in the mould, and therefore also in the cast object.

Another way to analyze this is to study punched pattern details on the cast objects. Were they
punched into the finished metallic object or were they pressed in the wax model? A pattern
detail that is punched in the cast object will show a smooth surface, while a “punched” pattern
that was created already in the wax model will show a different surface due to the emergence
of dendrites and interdendritic pores in the cast object, crystalline patterns that emerge
during the solidification of the metal (Meeks, Craddock and Needham, 2008, p.17 and pp.24-
25). These patterns are visible all over the surfaces of cast metal objects, but if you punch it
the punch marks will smooth these patterns out.

The dendritic patterns set the limit for the registration of fine details when working with the
lost wax technology. The considerable larger irregularities of the surface that emerge during
the drying of the mould will set the limit for a mould made by pressing a metallic object
directly into clay mix. The lost wax method allows fair registration of details down to the size
of fractions of a millimetre. Chevron patterns on a Bronze Age gold object analyzed by Meeks,
Craddock and Needham were just up to 0.2-0.3 mm wide. These thin chevron patterns were
not punched, they were cast, as there are visible dendritic patterns in them (Meeks, Craddock
and Needham, 2008, p.19, Fig. 3).

The difference between the surface of a filed master model and a pattern cast from a wax
copy are visible in the scanning electron microscope (SEM) images in Figures 9 and 10. The
flat squares on top of the pyramids are just about 0.1 mm wide. The pictures show the
possibilities of lost wax casting in Late Iron Age/early medieval style ceramic moulds, and also
the limits. The accuracy is not limited by the mould material itself, but by the dendritic surface
pattern that appears in the solidifying metal. Still, this shows that you can reproduce
astonishingly small details by casting in ceramic moulds. In this case, the interdendritic pores
are just 0.02-0.03 millimetres wide.

Reproduction Technologies

Jansson (1981, p.5; 1985, p.12) suggested that Viking oval brooches may have been
reproduced by filling an impression in untempered the clay of an original model with wax.
Hedegaard discussed this method further in a work about Merovingian period fibulae and
called the method “the wax copy method”. He estimated that by pressing an original fibula in
soft clay and filling the impressions with wax, as described in figures 11-14, it would be
possible to produce 60 wax copies within half an hour. His conclusion from this was that a
team of three goldsmiths would be able to cast 1000 fibulae per month working seven hours
a day (Hedegaard, 1992, pp.77 ff).



Brinch Madsen and Lgnborg describe the reproduction of Viking oval brooches in the way
Jansson suggested and put forward plausible explanations to the positive textile patterns on
the reverse of the cast brooches (Brinch Madsen, 1984, pp.91 ff; Lenborg, 1992). A good
illustration of their suggested process is shown by Jensen (1991, p.32).

Making models by pouring wax into impressions in wet, plastic clay is an advantageous
method: it provides surprisingly good results concerning the registration of patterns, and it is
a fast method as many wax models can be reproduced simultaneously by means of one
single original model (See Figure 14). The quality of registration may sometimes demand a
slight manual retouching work, or sometimes you may wish to individually touch up the
copies, making them a bit unique. We see this in the oval brooches of the P42 type, from the
burial fields in the Viking marketplace Birka in Sweden. The overall decoration is generally
symmetric. You can see deviations in the symmetry of individual pattern fields, deviations
that are the same for several brooches, but the smaller details of the decorations themselves
may be very different from brooch to brooch (cf. Arboman, 1940, plate 63, Fig. 3, 4 & 5a;
Jansson, 1985, p.61, Fig. 49). Obviously, these were reproduced from the same original model,
but the ornaments were individualized by making changes in the wax models before making
the moulds.

An example of reproducing originals by the wax copy method is shown in Figure 16, an Urnes
brooch from Vindeballe, Z£rg, Denmark. It has probably been reproduced in wax just as the
example in figures 17-20. After the wax model was released from the clay, the holes were cut
open and slightly widened at the reverse. The distinctive widenings of the holes we see on the
brooch were not filed in hard metal after casting. They were probably cut in the soft wax
before making the mould.

An example from late Iron Age Sweden of what may be a unique lost wax casting is a little
golden amulet found in the remains of a cult building from a settlement in Lunda west of
Stockholm, dated 450-600 AD (See Figure 21). We are lucky in this case that the amulet was
made of a gold alloy that does not corrode, the surface condition is still splendid. The amulet
has been interpreted as cut out from a solid metal rod (Andersson and Beronius Jorpeland,
2004, pp.46 ff, p.160). Nevertheless, the grooves that represent the hands, the belt and the
neck all show features of having been hastily sketched in a soft material. Especially the
grooves forming the belt and the neck that have not even been made with a sharp tool, but
rather a blunt edged tool.

Gold is a soft metal in its pure state, but this amulet is made of electrum - in this case an alloy
of 60-70 % gold, 25-35 % of silver and a few percent of copper (Grandin, 2003). Electrum is

harder than gold. It is difficult to believe that this alloy would enable the craftsman to work as
swiftly as we see here in terms of fast sketching the little deity's hands. The grooves are made



in @ material that didn't have resistance to the tool. That material could be wax or a similar
material. If so, the amulet was cast, not cut in cold metal.

Yet another striking example is a fragment of a ceramic mould for the casting of a silver
armlet, found in a workshop in Frojel, Gotland (Séderberg and Gustafsson, 2006). The
fragment shows negative hourglass-shaped “punch marks” (See Figure 22). Since they are
visible already in the mould they obviously have not been punched on the final metal product
after casting but pressed into the model already before making the mould. It is advantageous
to make even small decorative patterns like this in the wax models. Wax is so much more
easily worked than metal.

Once again it must be emphasized, that you cannot tell how a pattern of a metal ornament
was made until you have examined it with an SEM and ruled out the occurrence of dendritic
patterns on the bottom surfaces of the punch marks. If there are dendritic patterns, the
ornamentation was without doubt made prior to casting (cf. Meeks, Craddock and Needham,
2008, pp.17-18, pp.24-25). This is, of course, a weakness in this study, that neither the golden
deity from Lunda nor the Urnes brooch from Arg have been examined in this manner, so
using them as plausible examples of lost wax casting must be considered as hypothetical.

Nevertheless, it is easy to consider that many of the punched decorations, the ring-and-dot
decorations, and the chip-carving patterns that we see on Iron Age and early medieval
jewellery were made in wax models prior to mould making (cf. Hedegaard, 2002). An even
earlier indication of the use of this procedure is convincingly shown in Bronze Age spiral
patterns on Danish belt plates, experimentally examined by Rgnne (1991).

Reproduction and Mass Manufacture

Sometimes we find the remark that lost wax must be an irrational and slow method, as a new
model must be created prior to each casting. As a matter of fact, the reality is the other way
around - the method provides an excellent copying method for fast large-scale serial
reproduction.

Hedegaard (1992) estimated that up to 120 wax copies for smaller fibulae could be made
from one single original model within one hour's work. Above that, he estimates that five
hours will be needed for the retouching of flaws in the ornaments, attaching pin
arrangements of wax to the reverse sides, and finally, he estimates the potency for making
moulds from the wax originals to 20 moulds an hour. 120 moulds could be finished within a
12-hour working day.

When estimating time in a similar way for making moulds by pressing an original model in the
mould material, we find that each mould will need one hour and ten minutes to make. The
original model will be locked-up inside the drying mould during that time; 10 minutes of



modelling and 2 x 30 minutes (two times because there are two mould halves) of drying
before the model can be brought out of the mould. Since the original model will be locked
inside the mould during the process, we can make a maximum of 10 moulds within 12 hours.
There was an experimental comparison made on this earlier that estimates a need for one
hour and forty minutes of work for each lost wax mould (S6derberg, 2001), but that study did
not take into account the possibility of making several moulds simultaneously. It also
estimated the time for making a mould by the direct method to four and a half hours, but
that estimation was made for making very complex moulds consisting of six parts, and a little
more than one hour would be more accurate for a common bivalve mould. As mentioned
above, no moulds can be made simultaneously in this case as the original model will stay in
the mould until it is dry enough to open to bring the model out.

The different methods show dramatic differences in production potential. | would not say
anything about the actual need for a fast production speed a 1000 years ago, we do not know
anything about that, but it shows that the argument that lost wax is not a fast reproduction
method is definitely not right. The slow one is the direct method, pressing the metal model
into the mould and this is also the method that gives the poorest results.

Objects with Textile Patterns on the Reverse

An intriguing phenomenon that sometimes occurs on Viking jewellery is textile patterns on
the reverse. The most common example is the oval brooches (See Figure 23, left), but you can
in many cases find them on slightly smaller objects as well (See Figures 15 and 23, right). The
patterns are always positive which indicates that the textile must have been a part of the
modelling and moulding process. They are not the results of corrosive processes connected
to textiles lying next to the objects for centuries after burial in soil. They are not impressions,
but positive patterns in the cast metal.

The cloth patterns have been subject to a long ongoing debate in Scandinavia (cf. Zachrisson,
1960; 1964; Oldeberg, 1963; 1965; Arrhenius, 1973, p.101; Brinch Madsen, 1984, p.92;
Jansson, 1985, p.117; Lenborg, 1992; 1998, p.22; Trotzig, 2014, pp.182 ff). The discussion has
resulted in many imaginative theories concerning the function of the cloth. It was already at
an early stage clear that the patterns are mainly of a functional nature, not ornamental. There
are two plausible explanations.

The textile, that is depicted in the brooches, may have been used when the lower mould

part was made, to set the thickness of the cast goods by creating the space between the two
mould halves. After the front piece of the mould was made - the piece with the
ornamentation - from a solid model made by the wax copy method (See Figures 24 and 25), a
waxed cloth was formed into the desired a shape and put in the mould before making the
reverse mould part (See Figures 26-28). After drying (See Figures 29-30), the mould could be
opened after slight heating and the cloth was then brought out. Then the mould was closed



again, sealed at the joints and left to dry completely prior to firing. The cloth would now have
left a negative textile imprint on the back part of the mould, an imprint that would create a
positive pattern on the reverse of the finished brooch after casting (Brinch Madsen, 1984;
Lenborg, 1992; 1998). An alternative variation of the technology could be to completely skip
the step of soaking the cloth in wax. This preparation is not necessary, neither for making the
cloth waterproof nor for making it thick enough, according to my own experience (See Figures
31-36).

Another possible explanation that seems just as plausible, but that I have not found
described in research thus far, is that the cloth could have been used to reinforce a very thin
wax model. Jansson (1981) and others suggested the reproduction method for making wax
copies by casting solid wax copies in clay imprints, as described above. It is also possible to
create copies with the desired thickness of the final goods already at this stage, by putting a
piece of cloth that you have shaped slightly concave-convex into the clay impression before
pouring the wax. Immediately after the wax is poured in and it has moved through the cloth,
you can pour the excess out without risking the ornamental patterns, as the wax on the far
side of the cloth next to the ornaments in the mould already quickly has solidified due to the
chilling effect of the wet clay. The result is an extremely thin wax model with a nice
reproduction of the ornamental patterns, reinforced by cloth and thus stable enough to allow
the making of desired changes or retouches of the patterns without breaking (See Figure 37).
In this way, the thickness of the model sets the thickness of the goods in the final cast
product.

In both examples, the cloth needs to be brought out from the mould prior to firing it. Even
though the cloth will burn during firing the remaining charred textile or ashes will affect your
casting - carbon does not absorb liquid metal, rather they repel each other. The remains of
the textile will destroy the result by creating holes in it, something we do not want to risk. This
is one of the reasons why you need to make these moulds as bivalve moulds even though
they are made by the lost wax technology - a fact that never is considered when claiming that
Iron Age and Viking moulds could not be lost wax moulds because they were made of two
parts. This is also a reason for the need for keys and keyholes even when we are dealing with
the lost wax method. We must be able to put the two parts of the mould together accurately
after removing the cloth. Keys and keyholes can be studied on mould fragments from the
casting of oval brooches from Ribe, Denmark (Brinch Madsen, 1984, p.33).

Which of the two methods that were used is hard to tell, as the cast results will look very
similar to each other (See Figures 38-41). Perhaps both methods were used, by different
craftsmen or in different situations? From my experience, though, the reverse of my brooches
made with the method using textile that have not been waxed (Figure 40), looks very similar
to what | have seen in the archaeological brooches. You can even see a slight unevenness on



the inner surface, mirroring the ornamental details at the front side of the brooch, in the
same way as we can study in the original artefacts (cf. Jansson, 1985, p.117, Fig. 106).

A Few Final Words

According to my experience, | can conclude that Jansson probably hit very close to the truth in
the eighties, when suggesting the use of the wax copy method when making moulds for
Viking oval brooches.

It is important to emphasize that two-part moulds are not evidence against lost wax casting,
the reality is far more complex. As mentioned, the only reason why you would deliberately
create a mould in two parts is that you will need to open it and take something out. This
“something” could be a model of solid material prior to casting, it may be the cast object after
casting so that you could use the mould once again, or it could be a piece of textile used in a
wax model - a cloth that must be brought out from the mould before firing it. The last
alternative is an important one that rarely have been emphasized by research.
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Fig 23. Left: The reverse of a Viking oval brooch from grave Bj 637 Bjorko, Adelsd parish,
Sweden with visible textile patterns. Photo by Matthias Toplak/SHMM. CC BY 2.5 SE
(https://creativecommons.org/licenses/by/2.5/se/legalcode).

Fig 21. To the left: the tiny golden amulet from Lunda, S6dermanland, Sweden. Scale bar in
millimetres. To the right: three magnified details showing the hastily sketched arms, hands,
belt and neck. Photo by Gabriel Hildebrand/SHMM. CC BY 2.5 SE
(https://creativecommons.org/licenses/by/2.5/se/legalcode). Magnifications of the original
pictures made by the author.
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FIG 1. THE WAX MODEL IS PRESSED IN THE TEMPERED CLAY MIX (LEFT), THE SLIGHT GAPS BETWEEN THE MODEL

AND THE CLAY THAT OCCURRED ARE CLOSED AND A SPRUE IS MODELLED (RIGHT). THE MOULD IS ALLOWED TO DRY
UNTIL IT IS LEATHER HARD BEFORE THE UPPER PART CAN BE MADE.
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FIG 2. WHEN THE UNDER HALF OF THE MOULD IS STABLE, THE UPPER PART CAN BE MODELLED OVER IT. THE

MOULD IS CLOSED AT THE JOINT BY FOLDING THE EDGES OF THE UPPER PART OVER. AFTER THIS, THE MOULD IS

DRIED, THE WAX IS MELTED OUT FROM IT AND IT IS FIRED AND TURNED INTO CERAMIC MATERIAL.
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FIG 4. KEYHOLES IN MIGRATION AGE MOULDS FOR THE CASTING OF CLASP BUTTONS. HELGO, SWEDEN (CF. LAMM,
1972, P.72; 1980 P10).
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FIG 5. MAKING A MOULD WITH A MODEL OF A SOLID MATERIAL, WITHOUT THE USE OF WAX. THE MODEL IS
PRESSED IN CLAY MIX, THE SURFACES ARE SMOOTHED, AND A NUMBER OF KEY HOLES ARE PRESSED IN IT. AFTER
DRYING FOR HALF AN HOUR, UNTIL THE CLAY IS STABLE, THE UPPER PART CAN BE MADE AFTER APPLYING A
RELEASING AGENT ON THE UNDER PART. THIS AGENT COULD BE FAT OR SOAP.
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FIG 6. AFTER THE UPPER PART IS STABLE BUT NOT YET DRY, THE MOULD CAN BE OPENED AND THE MODEL CAN BE
DETACHED FROM IT. AFTER THIS, THE TWO PARTS ARE JOINED TOGETHER AGAIN, AND THE MOULD IS CLOSED AT
THE JOINS WITH A LAYER OF CLAY MIX.
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FIG 7. DETAILS FROM TWO RECONSTRUCTED MOULDS, MADE WITH THE DIRECT IMPRESSION OF A SOLID MODEL

AND BY THE LOST WAX METHOD (BELOW). THE UPPER PICTURE SHOWS A GRAINY SURFACE THAT WILL BE
TRANSFERRED TO THE CAST OBJECT. THE LOST WAX MOULD SHOWS A MORE DISTINCTIVE REGISTRATION.
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FIG 8. SCHEMATIC DRAWING SHOWING THE DIFFERENCE IN SHRINKING OF THE INSIDE CAVITY SURFACES IN THE
MOULD, IF THERE IS WAX IN THE CAVITY PROTECTING THE REGISTRATION FROM THE AIR WHEN THE MOULD IS
DRYING, OR IF IT ISUNPROTECTED AND EXPOSED TO AIR AS WHEN USING A METAL MODEL THAT IS BROUGHT OUT
BEFORE DRYING THE MOULD. IN THE LATTER CASE, THE CLAY PARTICLES WILL SINK BETWEEN THE COARSER
GRAINS OF SAND TEMPER. THE DIFFERENCE WILL BE VISIBLE IN THE FINISHED CASTINGS.
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COVERED WITH GRENADES IN MEROVINGIAN PERIOD CLOISONNEE WORK (MEEKS AND HOLMES, 1985). WIDTH OF
IMAGE 0.7 MILLIMETRES. AFTER MEEKS, TULP AND SODERBERG (2001).
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FIG 10. SEM-PHOTO OF A DIE COPY, CAST BY LOST WAX TECHNOLOGY IN A CERAMIC MOULD MADE OF TEMPERED
EARTHENWARE CLAY. THE RESULT MAY LOOK POOR AT A FIRST GLANCE, BUT REMEMBER THAT THE WIDTH OF THE
IMAGE IS JUST 0.7 MILLIMETRES, SO IT IS IN FACT RATHER ASTONISHING. THE PORES ARE INTERDENDRITIC
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POROSITY, PORES BETWEEN THE DENDRITIC CRYSTALS, SETTING THE LIMITS FOR THE REGISTRATION IN A CAST

OBJECT. THEY ARE NO WIDER THAN C. 0.02-0.03 MILLIMETRES. AFTER MEEKS, TULP AND SODERBERG (2001).
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1992. RAW UNTEMPERED CLAY IS
PRESSED ONTO THE METALLIC ORIGINAL MODEL, THAT HAS BEEN PROVIDED WITH A THIN OIL FILM AS A

FIG 11. COPYING BY THE WAX COPY METHOD, AS SUGGESTED BY HEDEGAARD,
RELEASING AGENT.
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FIG 12. THE ORIGINAL MODEL IS REMOVED FROM THE CLAY, LEAVING A NEGATIVE IMPRINT.
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FIG 13. THE IMPRINT IS FILLED WITH WAX. AFTER THE WAX HAS SOLIDIFIED NEXT TO THE IMPRINT - WHICH

HAPPENS FAS

SURPLUS WAX CAN BE POURED OUT LIKE IN THE RIGHT IMPRINT SO

T, AS THE WET CLAY IS COLD

THAT THE MODEL WILL BE THIN, IN THIS WAY MAKING THE MATERIAL AS THIN AS POSSIBLE IN THE CAST PRODUCT

(CF. FIGURE 15 AND 23, RIGHT).
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FIG 14. AFTER THE CLAY IS REMOVED FROM THE WAX, WHICH IS EASILY DONE BY PUTTING IT IN A BUCKET OF
WATER FOR A WHILE, RETOUCHING THE ORNAMENT DETAILS CAN BE MADE IF NECESSARY. WAX MODELS FOR THE

PIN ARRANGEMENT ARE ATTACHED, AND THE MODEL CAN NOW BE USED FOR MAKING MOULDS AS SHOWN IN
FIGURES 1& 2.
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FIG, 15. A FRAGMENT OF AN EQUAL-ARMED BROOCH FROM THE NUNNAN SITE IN SIGTUNA, SWEDEN. LARGE VIKING
JEWELLERY LIKE THIS WAS NEVER SOLID BUT USUALLY MADE SLIGHTLY HOLLOW AT THE REVERSE. COPPER
ALLOYS WERE EXPENSIVE AND YOU DID NOT WANT TO USE MORE THAN NECESSARY. MAKING THE BROOCH AS
LIGHT AS POSSIBLE WAS ALSO AN ADVANTAGE TO THE FUTURE BEARER OF THE PIECE. THERE ARE EVEN SOME
TEXTILE PATTERNS VISIBLE ON THIS BROOCH, AS DISCUSSED FURTHER BELOW IN THE PAPER.


https://dev.exarc.net/sites/default/files/image%20%2815%29.jpg
https://dev.exarc.net/sites/default/files/image%20%2815%29.jpg

TR A

T A SR

&
S

A\ “i 3
B
<

FIG 16. URNES BROOCH FROM VINDEBALLE, £R@ IN DENMARK. PHOTO BY STEEN AGERS®@.

FIG 17. HOW THE MODEL FOR THE BROOCH IN FIGURE 15 MAY HAVE BEEN COPIED. THE ORIGINAL MODEL IS

PRESSED IN CLAY...
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FIG 18. ...WAX IS POURED INTO THE NEGATIVE IMPRINT...

FIG 19. ...THE WAX MODEL IS REMOVED FROM THE CLAY...
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FIG 20. ...AND IS FINISHED BY CUTTING OFF SURPLUS WAX. THE HOLES ARE WIDENED AT THE REVERSE, LEAVING
VERY SIMILAR FEATURES TO THE ONES YOU CAN SEE ON THE BROOCH IN FIGURE 16. THE SLIGHTLY TREMULOUS
CUTS ARE A SIGNIFICANT FEATURE OF CUTTING IN WAX.

MILLIMETRES. TO THE RIGHT: THREE MAGNIFIED DETAILS SHOWING THE HASTILY SKETCHED ARMS, HANDS, BELT
AND NECK. PHOTO BY GABRIEL HILDEBRAND/SHMM. CC BY 2.5 SE (HTTPS://CREATIVECOMMONS.ORG/...).
MAGNIFICATIONS OF THE ORIGINAL PICTURES MADE BY THE AUTHOR.
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FIG 22. AN EXAMPLE OF “PUNCHMARKS” IN A MOULD FROM FROJEL, GOTLAND, THAT PROBABLY ARE PATTERNS
PRESSED INTO THE WAX MODEL BEFORE MAKING THE MOULD. MOULD FRAGMENT AT RIGHT, A POSITIVE IMPRINT
OF THE MOULD TO THE LEFT. AFTER SODERBERG AND GUSTAFSSON (2006).
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FIG 23. LEFT: THE REVERSE OF A VIKING OVAL BROOCH FROM GRAVE BJ 637 BJORKO, ADELSO PARISH, SWEDEN
WITH VISIBLE TEXTILE PATTERNS. PHOTO BY MATTHIAS TOPLAK/SHMM. CC BY 2.5 SE
(HTTPS://CREATIVECOMMONS.ORG/...). RIGHT: THE REVERSE OF A FRAGMENT OF A 9TH CENTURY EQUAL-ARMED
BROOCH WITH POSITIVE TEXTILE PATTERNS. APPROX. 30 MM WIDE. PHOTO BY TOBIAS BONDESSON. THE ORIGINAL
PICTURES HAVE BEEN CROPPED BY THE AUTHOR.
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FIG 24. A WAX MODEL OF AN OVAL BROOCH OF THE P 27 TYPE, MADE WITH THE WAX COPY METHOD. THE PICTURE
SHOWS THE ASTONISHINGLY GOOD TRANSFER OF DETAILS THAT YOU ATTAIN WITH THIS SIMPLE METHOD.

FIG 25. THE UPPER PART OF A MOULD, AFTER THE WAX MODEL WAS MELTED OUT OF IT.
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FIG 26. A WAXED CLOTH IS PRESSED NEXT TO THE ORNAMENT REGISTRATION IN THE MOULD, PREPARING FOR
MAKING THE BOTTOM PART OF THE MOULD BY THE METHOD SUGGESTED BY JENSEN (1991) AND L@NBORG.

FIG 27. AFTER THE EDGES OF THE WAXED CLOTH ARE CUT EVEN, THE PIN ARRANGEMENTS ARE ATTACHED. NOTE
THAT KEYHOLES ARE CUT OUT ALONG THE EDGES OF THE MOULD.
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FIG 28. THE BOTTOM PART OF THE MOULD IS MADE OF TEMPERED CLAY MIX.

FIG 29. AFTER SLIGHT DRYING, THE MOULD CAN BE OPENED AFTER HEATING AND THE CLOTH CAN BE BROUGHT
OUT OF IT. AFTER THIS, THE MOULD IS PUT TOGETHER AGAIN, AND THE JOINT IS SEALED WITH CLAY MIX.
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FIG 30. THE MOULD IS NOW FINISHED AND LEFT TO DRY. AS THE FRONT PART ALREADY WAS DRY WHEN THE
REVERSE PART WAS MADE, THE LATTER WILL SHRINK AND CRACK DURING DRYING. THOSE FRACTURES MUST BE

TAKEN CARE OF AND MENDED AS THEY APPEAR, THROUGHOUT THE REMAINING DRYING PROCESS.
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FIG 31. AN ALTERNATIVE METHOD, USING A PIECE OF CLOTH THAT HAS NOT BEEN WAXED.
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FIG 32. AFTER SLIGHT DRYING, THE MOULD CAN EASILY BE OPENED.

FIG 33. THE CLOTH HAS ATTAINED THE DESIRED SMOOTH CONCAVE-CONVEX SHAPE WHEN PRESSING THE WET
CLAY MIXTO IT.
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FIG 34. THE CLOTH CAN EASILY BE DETACHED FROM THE MOULD.
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FIG 35. AN ALTERNATIVE WAY OF CREATING THE ARRANGEMENTS FOR THE PIN, BY SIMPLY CUTTING THEM WITH A
KNIFE IN THE STILL SLIGHTLY WET CLAY.
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FIG 36. A CROSS-SECTION OF AN UNFIRED MOULD MADE WITH A PIECE CLOTH THAT HAS NOT BEEN SOAKED WITH
WAX. AS THE MOULD SHRINKS THE CAVITY WILL WIDEN UP A LITTLE AND THE THICKNESS OF THE GOODS IN THE
FINAL BROOCH WILL NOT BE AS THIN AS THE TEXTILE. IN THIS CASE, THE MOULD WAS PROBABLY OPENED FOR
DETACHING THE CLOTH WHEN IT WAS STILL TOO WET. THE DRYING SHRINKAGE MADE THE CAVITY A BIT TOO WIDE,
UP TO TWO MILLIMETRES. THE OVAL BROOCHES WERE USUALLY INCREDIBLY THIN.

FIG 37. AN EXTREMELY THIN WAX MODEL WHERE THE CLOTH IS USED AS REINFORCEMENT, WITH THE DESIRED
THICKNESS OF THE FINAL PRODUCT. THE REGISTRATION OF THE ORNAMENTS IS JUST AS GOOD AS WHEN USING
THE ABOVE-SUGGESTED METHOD FOR WAX COPYING SOLID MODELS (CF. FIGURE 24).


https://exarc.net/sites/default/files/image%20%2836%29.jpg
https://exarc.net/sites/default/files/image%20%2836%29.jpg
https://exarc.net/sites/default/files/image%20%2837%29.jpg
https://exarc.net/sites/default/files/image%20%2837%29.jpg

FIG 38. THE CAST RESULT. THERE IS A SLIGHT FINISHING WORK TO DO, LIKE FILING THE FLASHES AWAY FROM THE
EDGES. THE MARK OF A GOOD CASTING IS WHEN YOU GET A MINIMUM OF THE NEED FOR RETOUCHING THE
ORNAMENTS AFTER CASTING. IN THIS CASE, EVERYTHING THAT WAS SUPPOSED TO BE THERE IS THERE, AND IT
WAS THERE ALREADY IN THE MORE EASILY WORKED WAX MODEL. THE BROOCH NEEDS NO MORE FINISHING WORK

BUT FILING THE EDGES AND POLISHING.

FIG 39. THE FINISHED OVAL BROOCH.
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FIG 40. THE POSITIVE TEXTILE PATTERN ON THE REVERSE OF THE BROOCH. THIS ONE WAS CAST WITHOUT
SOAKING THE CLOTH WITH WAX AND IT SHOWS FEATURES WELL RECOGNIZABLE FROM THE ORIGINAL BROOCHES.
THE CLOTH WAS A WOOLLEN TWILL.

FIG 41. THE TEXTILE PATTERN ON THE REVERSE OF A BROOCH CAST BY THE SECOND SUGGESTED WAX COPY

METHOD, WHERE THE CLOTH WAS USED TO REINFORCE A VERY THIN WAX MODEL. THE CLOTH WAS A VERY FINE
LINEN TABBY.
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